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Cranial variation in Columbian white-tailed deer populations:
' "" •

implications for taxonomy and restoration
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Abstract.—We examined variation in 18 cranial dimensions among three

disjunct populations of white-tailed deer {Odocoileus virginianus) in the Pacific

Northwest to test the hypothesis that they represent a single taxon. Previous

allozyme analyses indicated considerable variation among the three popula-

tions, but genetic divergences were less than conventional benchmarks used to

distinguish subspecies. We observed substantial variation in cranial dimensions

among the three populations that graphically sorted into three distinct morpho-

logical groups and corresponded with east-west and north-south geographical

gradients. Specimens of the northwestern white-tailed deer (O. v. ochrourus)

from northern Idaho had longer and broader skulls than did Columbian white-

tailed deer (O. v. leucurus) from the lower Columbia River or southwestern

Oregon; specimens from southwestern Oregon had shorter rostra and narrower

crania than those from the lower Columbia River. Even after controlling for

differences in size related to age or sex, specimens from southwestern Oregon

were relatively smaller animals with shorter faces and narrower posterior por-

tions of the skulls than specimens in the other populations. These results do

not support the hypothesis that the three groups represent a single taxon, nor

do the results support the current taxonomy. Sample sizes were insufficient to

fully evaluate if designating the three populations as distinct subspecies is war-

ranted. Still, the three populations show considerable morphological and ge-

netic variation, remain disjunct and isolated from each other, and likely are

evolving along different trajectories because of geographical variation in hab-

itat.

The Columbian white-tailed deer {Odo- river valleys (Douglas 1829, Smith 1985).

coileus virginianus leucurus [Douglas, Extensive development of western Oregon

1829]) is one of three currently recognized following European settlement led to extir-

subspecies of Odocoileus virginianus (Zim- pation of CWTD from most of its historic

mermann 1780) indigenous to the western range, including the Willamette Valley of

United States (Smith 1991). Historically, west-central Oregon (Smith 1985). Jewett

Columbian white-tailed deer (CWTD) oc- (1914) and Bailey (1936) concluded that

curred throughout most of western Oregon CWTD survived in the Willamette Valley

and southwestern Washington lowlands, as- until late in the 19^'' century. Today, its dis-

sociated with riparian vegetation of broad tribution is limited to two isolated popula-
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Columbian Whlte-tdiled deer
current distribution

Q Columbian White-tailed deer
historic distribution

IE Idaho White-tailed deer
current distribution

Fig. 1. Historic (stippled areas) and current (open circles and cross-hatching) distributions of Columbian

white-tailed deer, Odocoileus virginianus leucurus Douglas (Smith 1985, 1987), and current distribution of

Northwestern white-tailed deer, O. v. ochrourus Bailey, in Oregon and Washington (Johnson and Cassidy 1997,

Washington Department of Fish and Wildlife 2000, Oregon Department of Fish and Wildlife, unpubl. data).

Note that the Umpqua River branches into the North and South Umpqua rivers.

tions: one along the lower Columbia River

composed of several subpopulations that

occur on several islands upriver from a

Washington mainland subpopulation; and a

second in the interior valleys of the Ump-
qua River in Douglas Co., Oregon (Fig. 1).

The CWTD remains allopatric with the oth-

er two western subspecies; the nearest,

northwestern white-tailed deer (O. v. och-

rourus Bailey 1932), is about 300 km east

of the current range of O. v. leucurus (see

Smith 1985, 1991).

The limited distribution of CWTD and

imminent threat to remaining habitat

prompted the U.S. Department of the Inte-

rior, Fish and Wildlife Service (FWS) to list

O. V. leucurus as endangered in 1967 in the

Federal Register (32 FR 4001). The Colum-
bian White-tailed Deer National Wildlife

Refuge (CWTDNWR) was established in

1972 and the Douglas Co. population was
included in the listing in 1978 (Smith

1985). Since then, much effort has been ex-

pended toward recovery of the endangered

populations, but the process has been slow

and arduous (Doremus and Pagel 2001).

The FWS developed a recovery plan with

specific goals and measurable objectives,

including information needs, to help the

CWTDNWR and Douglas Co. populations

recover (Columbian White-tailed Deer Re-

covery Team 1983). Numerous studies doc-

umented the status and provide information

on the population ecology of CWTD (Gav-

in 1979, Suring & Vohs 1979, Dublin 1980,

Gavin et al. 1984, Smith 1985, 1987; Ricca

2000, Whitney 2001), but little attention

was given to the taxonomy or genetic in-
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tegrity of CWTD populations (Gavin &
May 1988).

The original taxonomic description of

CWTD was based on specimens collected

from near the mouth of the Columbia River

and from the lower Willamette River

[= falls at present-day Oregon City, Clack-

amas Co., OR] (Douglas 1829). Douglas

(1914) reported CWTD throughout the cen-

tral river bottomlands of western Oregon,

perhaps as far south as the Umpqua River

valleys (in what is now Douglas Co.).

Crews (1939) extended the range south to

Grants Pass, Josephine Co., Oregon. To our

knowledge, however, the relationship be-

tween deer from Douglas Co. and deer from

the region of the type locality was never

rigorously examined. When Bailey (1932)

described the northwestern white-tailed

deer (O. v. ochrourus), he compared the

type specimen to white-tailed deer collected

by Jewett (1914) from Douglas Co. rather

than to deer collected near the type locality

of O. V. leucurus. Clearly, data supporting

the original descriptions of these two taxa

were limited.

Gavin & May (1988) evaluated the tax-

onomic status of CWTD by comparing al-

lozymes from 35 loci among multiple pop-

ulations of white-tailed deer representing

three subspecies, including O. v. ochrourus.

They concluded that genetic distance be-

tween the two CWTD populations and be-

tween each of the CWTD populations and

populations of O. v. ochrourus in Washing-

ton and Oregon was less than the difference

of two putative subspecies of widely sepa-

rated geographic regions. Gavin & May
(1988) did not observe a consistent pattern

of differentiation at several loci; rather, their

conclusions were based on variation at a

single locus. Moreover, they recommended
that an examination of additional evidence

should occur before assigning subspecific

status to any putative populations of

CWTD. The purpose of this paper is to

evaluate the taxonomy of O. v. leucurus by

use of morphometric data. Our objectives

were: 1) to quantitatively characterize cra-

nia of white-tailed deer from Douglas Co.,

Oregon, the CWTDNWR, and the historic

range of northwestern white-tailed deer; 2)

to determine if significant variation in cra-

nial features exists among the three groups;

3) to compare findings of this morphologi-

cal investigation to earlier findings based on

genetic distance among the populations

(Gavin & May 1988); and 4) to use the re-

sults of this study to test the working hy-

pothesis that white-tailed deer in the three

populations belong to a single taxon.

Materials and Methods

We examined crania of adult white-tailed

deer from northern Idaho {n — 6 females, 12

males), the Columbian White-tailed Deer Na-

tional Wildlife Refuge (CWTDNWR; Gavin

& May 1988) in Washington and Oregon {n

= 65 females, 52 males), and from Douglas

Co., Oregon {n = 80 females, 49 males;

Smith 1982). Samples from northern Idaho

are museum specimens; age was determined

by toothwear (Severinghaus 1949, Larson &
Tabor 1980, Gee et al. 2002). Tom Gavin col-

lected samples from the CWTDNWR (Gavin

& May 1988); age was determined by num-

ber of tooth cementum annuli (Scheffer

1950). Samples from Douglas Co., Oregon,

were collected by Winston Smith (1982); age

was determined by either number of tooth ce-

mentum annuli or by toothwear (Larson &
Taber 1980:154, Gee et al. 2002). Eighteen

measurements (Fig. 2, Table 1) were recorded

for complete crania. Many specimens were

recovered dead along roads, and had dam-

aged crania because of collisions with vehi-

cles, which resulted in incomplete datasets for

these animals. Gavin recorded all measure-

ments. Because growth in deer does not be-

come asymptotic until about 4 and 6 years-

of-age for females and males, respectively,

missing measurements were not estimated.

We used data only from complete crania in

statistical analyses.

Females were sorted into three age clas-

ses for each collection area: age class 1 con-

tained 2-2.9 year olds, 2 contained 3—3.9
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Fig. 2. Cranium of female white-tailed deer {Odocoileus virginianus; OSUFW [Oregon State University,

Department of Fisheries and Wildlife mammal collection] 1140) illustrating dimensions recorded. 1, basilar

length, 2, palatilar length, 3, length of upper molar series at alveolus, 4, breadth between M3s, 5, postpalatal

breadth, 6, maxillary breadth, 7, zygomatic breadth, 8, height of foramen magnum, 9, width of foramen magnum,

10, mastoid breadth, 1 1, length of external nares, 12, breadth of external nares, 13, nasal length, 14, least nasal

breadth, 15, greatest nasal breadth, 16, least interorbital breadth, and 17, breadth of braincase. The last dimension

recorded was 18, depth of rostrum (not illustrated), which was measured with the cranium resting on a flat

surface. It is the distance from the dorsal side of the premaxillae to the flat surface. Scale bar equals 10 cm.
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year olds, and 3 contained >4 year olds.

Males were sorted into four age classes for

each collection area: age class 1 contained

2-2.9 year olds, 2 contained 3-3.9 year

olds, 3 contained 4-5.9 year olds, and 4

contained >6 year olds.

Data were analyzed in SPSS 10.0.7 for

Windows by use of the General Linear

Model within a Multivariate Multiple Anal-

ysis of Variance (GLM MANOVA) and Ca-

nonical Discriminant Function Analysis

(CDFA) with jackknife classification of

specimens (Hair et al. 1987, McLachlan

1992). Age classes were designated as co-

variates because age was not a primary fac-

tor in acquiring specimens (Hair et al.

1987). Sample location {n = 3) and sex (n

— 2) were treated as factors. Significance

level was P < 0.05.

Initially, a GLM MANOVA was per-

formed only with specimens having com-

plete datasets (4 females and 2 males from

Idaho, 14 females and 15 males from

CWTDNWR, and 29 females and 10 males

from Douglas Co., Oregon). The GLM
MANOVA was repeated after data for each

specimen were standardized by dividing

each measurement by the area of its fora-

men magnum (A = 0.25Trwidthheight) to

remove effects of size (Radinsky 1967) and

to examine differences in shape of crania

among collection areas. A CDFA was per-

formed on standardized data present for the

1 1 dimensions deemed significant in the

second GLM MANOVA for distinguishing

specimens among the samples (6 females

and 3 males from Idaho, 20 females and 22

males from CWTDNWR, and 38 females

and 11 males from Douglas Co., Oregon)

to present a pictorial representation of sep-

aration for specimens from the 3 localities.

Results

There was substantial variation among
populations in cranial dimensions (Table 1).

The initial GLM MANOVA of the original

data indicated that significant differences (F
= 3.673-123.501, df = 2) among speci-

mens from the 3 sample areas occurred for

all variables (Fig. 3A). When the interac-

tion of collection area and sex was consid-

ered, however, only basilar length, least in-

terorbital breadth, zygomatic breadth, and

mastoid breadth were significantly different

(f = 3.256-9.487, df = 2). The second

GLM MANOVA of the standardized data

set indicated significant differences (F =

3.772-13.911, df = 2) in the shape of the

skulls for specimens among the three sam-

ples involving the following variables: bas-

ilar length, nasal length, breadth of the

braincase, greatest width of nasals, least

width of nasals, mastoid breadth, length of

upper molar row, maxillary length, palatilar

length, depth of rostrum, and width of ex-

ternal nares (Fig. 3B, Table 2). Values for

these 11 standardized variables for speci-

mens from the three samples were analyzed

in CDFA (Fig. 4). The axis for Function 1

accounted for 71.4% of the variation in

specimens among the areas and was related

to skull shape. The axis for Function 2 in-

corporated the remaining variation (28.6%)

in cranial dimensions, which was associated

with overall skull size. All specimens from

area 1, 85.7% of specimens from area 2,

and 93.9% of specimens from area 3 were

correctly classified into their a priori

groups. Furthermore, in the plot of axes 1

and 2, with the exception of four individ-

uals, three distinct groups were formed

(Fig. 4). Even after controlling for differ-

ences in size related to sex and age, speci-

mens from area 3 are distinguishable in the

first axis from those in areas 1 and 2 by a

combination of shorter basilar and nasal

lengths, and narrower braincase and least

width of the nasals (Table 1). On the second

axis, specimens from area 1 are distinguish-

able from those in areas 2 and 3 by having

longer basilar lengths and broader braincas-

es. They also have narrower faces (as in-

dicated by the narrower least width of the

nasals) than specimens from area 2. Thus,

it is apparent that even with size based on

age and sex accounted for, specimens from

area 3 (Douglas Co., Oregon) are still rel-
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atively smaller animals with shorter faces

and narrower skulls than those specimens

from either area 1 (northern Idaho) or area

2 (CWTDNWR).

Discussion

Assumptions and limitations of analy-

ses.—Although we collected a reasonably

large number of skulls from each of the lo-

calities, incomplete data from many speci-

mens substantially reduced our sample sizes

for statistical analysis, especially specimens

assigned to O. v. ochrourus. Small sample

size can be problematic, especially for

MANOVA where statistical power is easily

compromised (Johnson & Wichem 1998).

In addition, departure from normality, an

important assumption of MANOVA, occurs

more frequently with small sample sizes.

Fortunately, MANOVA is relatively robust

to violations of assumptions in many cir-

cumstances (Johnson & Wichem 1998).

Also, because of the large effect size (dif-

ferences among means of treatments)

among populations with many cranial di-

mensions, statistical power probably was

not an issue in our analyses. Comparison-

wise error rates ranged from 0.013 to

0.0001 (Table 2).

Small sample size also contributes to

classification bias in CDFA, a consequence

of which is an overestimate of divergence

among taxa (Lance et al. 2000). In this

study, we used the results of CDFA strictly

for illustrative rather than analytical pur-

poses. Still, we used a less biased jackknife

technique for subsequent classification of

specimens (Hair et al. 1987, McLachlan

1992, Johnson & Wichem 1998, Lance et

al. 2000).

Cranial variation and taxonomy.—The

taxonomy of white-tailed deer, like that of

most of the North American mammal fau-

na, predates development of genetic tech-

niques and consequently early descriptions

of taxa were based on variation of morpho-

logical attributes, especially cranial char-

acteristics (e.g., Ovis canadensis. Cowan
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1940). Much of the historical taxonomy of

species and subspecies lacks an adequate

quantitative basis and reflects a typological

view inconsistent with an evolutionary per-

spective (Ball & Avise 1992, Wehausen &
Ramey 2000). Recent developments in mo-
lecular biology (e.g.. Cook et al. 2001) and

statistical analyses (e.g., Steppan & Sulli-

van 2000) have changed the way mammal-
ogists do systematics, which in many in-

stances has resulted in revisions of existing

taxonomy (Steppan & Sullivan 2000, We-
hausen & Ramey 2000, Cook et al. 2001).

Still, morphometry can be a useful tool in

elucidating evolutionary and taxonomic re-

lationships (Wehausen & Ramey 1993,

Genov 1999, Mohna & Mohnari 1999), es-

pecially when used in conjunction with ge-

netic data (e.g., Wehausen & Ramey 2000).

We used variation in cranial morphology

to test the hypothesis that deer in the three

populations belong to a single taxon. This

hypothesis was proposed on the basis of al-

lozyme variation among three white-tailed

deer populations (Gavin & May 1988). The
results of our analyses indicate significant

variation among the three populations for

several cranial dimensions (Table 2). Thus,

our results do not support the current tax-

onomy, which implies that white-tailed deer

from the lower Columbia River and Doug-
las Co. (O. V. leucurus) are similar, yet dis-

tinguishable from white-tailed deer in east-

ern Oregon, eastern Washington, and Idaho

(O. V. ochrourus). Rather, our results clearly

delineate three distinct morphological pop-

ulations (Fig. 4, Table 2) rather than a sin-

gle unified taxon.

Similar geographical variation in cranial

dimensions has been reported for bighorn

sheep, Ovis canadensis Shaw (Wehausen &
Ramey 1993, 2000), wild boar, Sus scrofa

Linnaeus (Genov 1999), black bear, Ursus

americanus Pallas (Kennedy et al. 2002),

and other white-tailed deer (Molina & Mol-

inari 1999). The key issue in interpreting

cranial variation in the context of subspe-

cific taxonomy is whether the morphologi-

cal variation is indicative of corresponding

genetic divergences; or, whether it is largely

ecophenotypic variation that resulted from

regional differences in habitat or other en-

vironmental differences (Wehausen & Ra-

mey 2000, Kennedy et al. 2002). Some taxa

(e.g., black bear) show clinal variation, i.e.,

significant correlations between skull mor-
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phology and climatic or other environmen-

tal gradients (Kennedy et al. 2002), and dis-

play substantial genetic dissimilarity among
regional populations (Miller 1995). In our

study, the pattern of cranial variation was
somewhat similar to that reported for black

bears (Kennedy et al. 2002) with skull size

varying along a west to east gradient and

decreasing from north to south. The lower

Columbia River population had features in-

termediate between those of the Idaho and

Douglas Co. populations. Unlike black

bears (Miller 1995), however, there was no

clear evidence of corresponding genetic di-

vergences at one locus among the disjunct

regional populations (Gavin & May 1988).
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Gavin & May (1988) reported that white-

tailed deer populations from the Pacific

Northwest showed relatively low genetic

divergence. In a large number of possible

pair-wise comparisons Gavin & May
(1988) found Nei's (1971) genetic distances

between O. v. borealis from New York and

white-tailed deer populations from the Pa-

cific Northwest (0.037) were an order of

magnitude greater than genetic differences

among white-tailed deer populations of

Oregon and Washington. Moreover, white-

tailed deer from Idaho showed less diver-

gence from the Douglas Co. population

than from the lower Columbia River pop-

ulation. Genetic distances (Nei 1971) be-

tween O. V. ochrourus from Oregon and

Washington and O. v. leucurus in south-

western Oregon, and between O. v. ochrou-

rus and white-tailed deer from the lower

Columbia River were 0.003 and 0.010, re-

spectively. Also, they found that genetic di-

vergence between O. v. leucurus popula-

tions on the Oregon and Washington sides

of the lower Columbia River (0.007) was

greater than between sampled O. v. ochrou-

rus populations in Oregon and Washington

(Fig. 1), or between O. v. leucurus popu-

lations in southwestern Oregon and O. v.

ochrourus populations (0.002).

Genetic and morphological data com-

monly suggest different conclusions regard-

ing taxonomy of mammals. Recent exam-

ples include Ovis canadensis (Wehausen &
Ramey 1993, 2000) and Sus scrofa (Genov

1999), where separation of subspecies

based solely on morphology (Cowan 1940,

Genov 1999) was not supported by more

rigorous analysis in conjunction with ge-

netic data (Wehausen & Ramey 2000). The

tendency has been to rely on molecular

data, which presumably provides less am-

biguous evidence. Ball & Avise (1992) pro-

posed that subspecies are major subdivi-

sions of the gene pool diversity of species

where such subunits can be corroborated by

independent, genetically based traits. Ac-

cording to this view, subspecies should

have distinguishing attributes that have an

evolutionary basis (Wehausen & Ramey
2000).

We found white-tailed deer populations

of Oregon and Washington distinguishable

by cranial dimensions, but Gavin & May
(1988) found no compelling evidence from

an evolutionary basis for this variation. The
putative historical ranges of O. virginianus

populations in the Pacific Northwest (Bai-

ley 1932, Grinnell 1933, Smith 1985, Wil-

Hams 1986, Gavin & May 1988) suggest

that populations interbred freely. Before

European settlement, white-tailed deer oc-

cupied most of the riparian floodplains and

other deciduous lowlands in western, cen-

tral, and northeastern Oregon. The range of

O. V. ochrourus extended from northeastern

California (Grinnell 1933) north to west-

central British Columbia and east to north-

central Wyoming (Hall 1981, Smith 1991).

In Oregon, O. v. ochrourus occurred in the

Klamath Basin (Walsingham 1873), which

is only about 100 km east of the southern-

most range of O. v. leucurus in southwest-

ern Oregon (Smith 1985). Throughout east-

central Oregon, O. v. ochrourus occupied

floodplain and riparian communities, fre-

quenting deciduous woodlands and woody
thickets associated with streams and marsh-

es (Walsingham 1873, Cowan 1936). Sim-

ilarly, O. V. leucurus occurred throughout

the river valleys and other deciduous wood-
lands of western Oregon (Smith 1985). The
Cascade Range likely represented a barrier

for free movement of white-tailed deer be-

tween central and western Oregon; how-
ever, opportunities for gene flow before Eu-

ropean settlement presumably existed along

the Columbia River and in south-central

Oregon where river valleys cut through the

Cascade Range at relatively low elevations.

Without geographic isolation or strong se-

lective pressures associated with markedly

different environmental conditions (e.g.,

Wehausen & Ramey 1993, 2000), there is

little reason to believe that historic popu-

lations of white-tailed deer in Oregon (and

the Pacific Northwest) were not a single,

contiguous breeding population.
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Today, circumstances are very different;

the populations clearly are isolated from

one another (Fig. 1). White-tailed deer in

northeastern Oregon apparently have ex-

tended their range westward and southward

in recent years (Oregon Department of Fish

and Wildlife, unpubl. data). Still, land use

and natural barriers throughout central

Oregon represent significant impediments

to dispersal and natural expansion. Efforts

to translocate deer may establish isolated

local populations, but much of the native

habitat in central Oregon has been modified

(Verts & Carraway 1998). Moreover, avail-

ability and connectivity of habitat in west-

ern Oregon and along the Columbia River

is such that future opportunities for natural

or facilitated expansion are unlikely. This,

combined with the potential competition

from black-tailed deer Odocoileus hemion-

us (Smith 1985), renders the likelihood of

O. V. leucurus reoccupying significant por-

tions of its historic range extremely low.

We believe it is prudent to consider the

question of taxonomy in the context of cur-

rent circumstances rather than belabor what

might have been. Neither earlier genetic re-

search nor our morphological study pro-

vides compelling evidence to warrant an

unambiguous resolution of this question.

Consequently, the current taxonomy, al-

though not directly supported by either line

of evidence, cannot be refuted with certain-

ty. Nonetheless, the three populations are

morphologically distinct, geographically

isolated, occupy different habitats (Gavin

1979, Smith 1985, Verts & Carraway

1998), and likely represent unique gene-

pool subdivisions of O. virginianus (Ball &
Avise 1992, Wehausen & Ramey 2000).

With these populations isolated and gene

flow interrupted, genetic divergence may
become significant in time (Avise 1994).

Implications for recovery and conserva-

tion.—Nomenclature shapes the view of

how nature is organized (Avise 1994) and

taxonomic units have become the founda-

tion of conservation efforts (Cook & Mac-
Donald 2001). Current taxonomy views

white-tailed deer populations of the lower

Columbia River and Douglas Co. as O. v.

leucurus, which may allow translocation of

individuals from either location for the pur-

pose of restoring populations in portions of

its historic range. Our results do not support

current taxonomy, but indicate that deer

from the lower Columbia River and Doug-
las Co. are morphologically distinct. Be-

cause of geographic isolation and differenc-

es in habitat, we believe that in time the two

populations will become sufficiently genet-

ically divergent to warrant separation into

two taxa. For that reason, we think it is pru-

dent to choose a conservative approach to

restoring white-tailed deer in western

Oregon and refrain from translocating deer

from Douglas Co. (or eastern Oregon) to

supplement populations along the lower

Columbia River or establish populations in

the Willamette River valley.
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New subgenus of leptarctine (Carnivora: Mustelidae) from the

Late Miocene of Nebraska, U.S.A.
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Abstract.—A new subgenus, Pseudoleptarctus, is described on the basis of

a mandible from the late Clarendonian (late Miocene). The new leptarctine

differs from other species in having a rounded trigonid and a well-defined

hypoconulid on ml and an enlarged accessory cusp on p3. Pseudoleptarctus

genowaysi has the largest dentition known for leptarctines. The morphological

similarities to procyonids indicate their shared aspects of diet.

Mustelid carnivores occupy various hab-

itats and their diet ranges from insects to

vertebrates. Qiu & Schmidt-Kittler (1982)

and Lim & Martin (2002) considered Lep-

tarctinae to be a subfamily of mustelids in-

cluding Craterogale (N. America, M. Mio-

cene), Trocharion (Europe, M. Miocene),

Hypsoparia (N. America, U. Miocene), and

Leptarctus (N. America and Asia, L. to U.

Miocene). Leptarctus is one of the least

known fossil carnivores and it occurs in the

middle and late Miocene of North America

and the Miocene of the Tung Gur region,

13.5-13.8 MYA, Inner Mongolia, China

(Lim 1997, Lim & Miao 2000, Lim et al.

2001, Lim & Martin 2002a, Zhai 1964).

Leidy (1856) described a P4 from South

Dakota (Fort Randall Formation, Barstovi-

an) for Leptarctus primus, the type species.

Wortman (1894) described a lower jaw with

cl, p3, and p4 from Nebraska (Clarendon-

ian) and referred the specimen to L. primus.

However, Matthew (1924) erected a new
species, Leptarctus wortmani Matthew,

1924 for the specimen (Runningwater For-

mation, E. Hemingfordian) previously de-

scribed by Wortman (1894). Simpson

(1930) described a P4 from Florida (Lower

Bone Valley Formation, L. Barstovian-E.

Clarendonian) as Leptarctus progressus and

concluded that it shows some resemblance

to Nasua in its greater width and larger pro-

tocone. Stock (1930) described a skull frag-

ment with P4 and Ml from Oregon (Mas-

call Formation, E. Barstovian) as L. ore-

gonensis. Olsen (1957) placed Mephititaxus

(Thomas Farm Local Fauna, E. Hemingfor-

dian) as L. ancipidens. In 1959, a skull,

mandible, atlas, and axis were discovered

from the Tung Gur region, Nei Mongol,

China and described as L. neimenguensis

(Zhai 1964). Lim & Miao (2000) described

L. martini based on a well-preserved skull

from Nebraska (Valentine Formation, L.

Barstovian) and Lim & Martin (2001a) de-

scribed L. kansasensis based on fragments

of a skull fragment and maxillary bone with

left P3 and P4 from Kansas (Blick Quarry,

Clarendonian). Lim et al. (2001) described

an incomplete skull with right Ml and left

P4-M1 from Texas (Hemphill Beds, E.

Hemphillian) for L. supremus. Lim & Mar-

tin (2001b) described an anterior portion of

skull with left P2-M1 and right P3-M2 from

Nebraska (Republican River Beds, E. Hem-
phillian) for L. desuii.

The mammalian diet is reflected in dental

morphology, jaw shape, and masticatory

muscles (Smith 1993). Leptarctus has den-

tal characteristics indicative of diet different



VOLUME 116, NUMBER 1 17

from those of other musteHds. The upper

incisors of Leptarctus can be distinguished

by the peg-Uke and greatly reduced first and

second upper incisors (Lim 1999b). The re-

duced upper canines suggest a non-carniv-

orous diet. The lower canine is strongly

curved and grooved on its lingual side (Lim

1999a). A survey of the lower canines in

modern carnivorous mammals revealed that

the coati, Nasua, has a similar groove. Na-

sua is an omnivorous procyonid and one of

the most frugivorous members of the Car-

nivora.

The edge of the masseteric fossa of the

mandible is an insertion site for the mas-

seter muscle which elevates and deviates

the mandible while chewing (Turnbull

1970). The deep masseteric fossa of Lep-

tarctus indicates a large masseter and sug-

gests that Leptarctus could deviate the low-

er jaw laterally more than other mustelids.

Olsen (1958) considered L. ancipidens to be

a badger-like mustelid. However, the lower

dentition of L. ancipidens (UF 5655) shows

it differs more from Taxidea taxus than

from Procyon lotor. The talonid on the ml
of L. ancipidens is long relative to the tri-

gonid, a condition similar to the ml of Pro-

cyon lotor. The talonid and trigonid of ml
in Taxidea taxus are of similar length. The
ml of Pseudoleptarctus genowaysi also has

a long talonid (Fig. 1). This increased

length of the talonid in Leptarctus and Pro-

cyon indicates that the anterior part of Ml
that occluded with the talonid of ml has

increased its surface area. This structure

shows that these animals had similar diets

and needed a strong chewing capacity.

One distinction between Leptarctus and

other mustelids is the great height of the

zygomatic arches in Leptarctus (Lim 1996).

The ventral edge of the zygomatic arch is

an origin for the masseter, elevating the

mandible and slightly deviating the man-
dible from side to side. The heavy zygo-

matic arch indicates a large masseter and

suggests that Leptarctus had stronger chew-

ing muscles than other mustelids.

Abbreviations used are: AMNH—De-

partment of Vertebrate Paleontology, Amer-
ican Museum of Natural History; F:AM

—

Frick American Mammals, American Mu-
seum of Natural History; UF—Division of

Vertebrate Paleontology, Florida Museum
of Natural History, Gainesville, University

of Florida; KUVP—Division of Vertebrate

Paleontology, Natural History Museum and

Biodiversity Research Center, University of

Kansas; UNSM—Division of Vertebrate

Paleontology, University of Nebraska State

Museum.

Systematics

Order Carnivora Bowdich, 1821

Family Mustelidae Fischer von Waldheim,

1817

Subfamily Leptarctinae Gazin, 1936

Genus Leptarctus Leidy, 1856

Pseudoleptarctus, new subgenus

Diagnosis.—Large leptarctine with car-

nassial trigonid sub-equal in size to talonid

and rounded anteriorly. The ml crown is

dominated by cross-lophs. The m2 is elon-

gated. The p4 with primary and secondary

cusps sub-equal in size. Thick cingula on

premolars and molars.

Pseudoleptarctus genowaysi, new species

Figs. 1-3

Holotype.—UNSM 25470, a right man-

dible with p3-ml.

Type locality.—Cr-lll, IVa mi SW of

Burge P.O. on west side of the Snake River,

Cherry County, Nebraska.

Referred specimens.—F:AM 25176,

right mandible with canine, p3-4; F:AM
25211, left ml; F:AM 25167, right ml; F:

AM 49412, left mandible with canine, p2-

m2; F:AM 49413, right mandible with p3-

m2.

Chronology.—Ash Hollow Formation,

Late Clarendonian, Miocene.

Age.—Pseudoleptarctus refers to similar-

ity to Leptarctus. Pseudo means false. The

trivial name honors professor Hugh H. Gen-

oways, former director of the University of
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Fig. I. Occlusal view (right p3-ml) of P. geno-

waysi, holotype, UNSM 25470, ml of L. wortmani F:

AM 25351 (middle) and ml of L. ancipidens UF 5655

(bottom). Scale bar = 1 cm.

Nebraska State Museum, Lincoln, Nebras-

ka.

Diagnosis.—Larger and more robust

than L. primus and L. wortmani. The ml
has a labial cingulum, well-defined hypo-

conulid and the trigonid is rounded anteri-

orly. The m2 has a labial cingulum. Pre-

molars and molar are more robust and

rounded than in other Leptarctus. The sec-

ond cusp of p4 enlarged and almost as big

as the main cusp. The p3 has a small sec-

ondary cusp and a thick posterior cingulum.

Description.—The mandible is missing

anterior parts of p3 and the ramus above the

angular process. The dentition, p3-ml, is

well-preserved. The teeth are more rounded

and wider than in other Leptarctus (Fig. 1).

The lower canines of F:AM 25176 and F:

AM 49412 have a groove on the antero-

labial side, characteristics of the leptarcti-

nes. The masseteric fossa is larger and

deeper than in L. primus and L. wortmani.

In p3, a cingulum is located on the pos-

tero-lingual face of the tooth and a well-

defined posterior accessory cusp is present

postero-labially (Figs. 1-3).

The p4 has a round ridge on the anterior

margin of the main cusp. The second cusp

of p4 is well-developed and proportionately

larger than in other Leptarctus.

The first molar has three large and high

cusps on the trigonid. The metaconid is the

highest cusp and a labial cingulum is pre-

sent on the lateral surface of the connection

between paraconid and protoconid. The tal-

onid of ml is expanded posteriorly by a

median hypoconulid. The hypoconulid is

connected to the hypoconid and the ento-

conid by a ridge. The second lower molar

of F:AM 49412 has a labial cingulum,

which differs from other species. The m2 is

double-rooted and large and the mandibular

foramen is deeper and more prominent

compared to L. primus and L. ancipidens.

Discussion

The mandible (UNSM 25470) of Pseu-

doleptarctus genowaysi is the largest

known leptarctine mandible. The presence

of a distinctive cingulum in the labial side

of ml is unique among carnivores.

The lower canines of all leptarctines in-

cluding P. genowaysi are curved and
grooved on the lingual side. We know of no

similar groove among modern carnivorous

mammals with the exception of the coati,

Nasua (Lim 1999a). Nasua is an omnivo-

rous procyonid and one of the most frugiv-

orous carnivores (Gompper & Decker
1998). The groove in both leptarctines and

Nasua stops at the base of crown. Soleno-

don, a modern insectivore, has a deeper and

broader groove on the antero-labial side of

the lower canine as a conduit for toxic sa-

liva, but the groove in Solenodon continues

to the very edge of the lower jaw.

The p3 and p4 of P. genowaysi are very

similar to those of Nasua nasua in having
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Fig. 2. Lateral views of mandibles of P. genowaysi (F:AM 49412, above) and L. primus (AMNH 18270,

bottom), X1.5.

a postero-lingual cingulum. The presence of

an accessory cusp on the postero-external

face on p3 is similar to that in L. wortmani

while other leptarctines do not have the ac-

cessory cusp. The dentition and mandible

of Pseudoleptarctus genowaysi are robust

and bigger than those of L. wortmani (Fig.

3). The height of mandible (below ml) of

P. genowaysi (UNSM 25470) is 45% great-

er than in L. wortmani (F:AM 25351). The

p4 shows some similarities to procyonids.

The secondary cusp on p4 is well-defined

and similar in size to the first cusp as in

Procyon lotor and Nasua nasua. Other lep-

tarctines and living mustelids have a much
smaller secondary cusp.

One of the most distinctive characters of

the new species is the presence of a cin-

gulum on the labial side of ml. The cin-

gulum begins laterally at the paraconid and

stops below the protoconid. The highest

cusp of ml is the metaconid while proto-

conids in L. primus, L. wortmani, and L.

ancipidens are higher than the metaconid.

The metaconids in Procyon lotor and Na-

sua nasua are also higher than the other
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Fig. 3. Mandibles of leptarctines in lateral view, a, P. genowaysi UNSM 25470, holotype; b, L. primus

KUVP 9153; L. ancipidens UF 5655; d, L. wortmani cast of F:AM 25351. Scale bar = 5 cm.
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Table 1
.—Measurements (mm) of lower teeth and mandibles of P. genowaysi. L. primus, L. wortmani and L.

ancipidens.

p. genouaxsi
(UNSM 25470)

L. priiinis

(AMNH 18270)
L.

(F:

wormiani
AM 25351)

L. ancipidens
(UF 5655)

Height of mandible (below ml) 14.5 S.5 10 15.7

p3: Length 5.2 5.5 4.9

Width 4.0 3.5 3

p4: Length 8.3 5.4 7.1 6.5

Width 5.1 3.3 4.1 4.1

ml: Length 11.7 9.6 11.1 10.7

Width 6.7 4.2 .. 5.6 4.9

Length between p3--ml 26.1 23.4 22.7

cusps on ml. The width of ml in P. gen-

owaysi is 1.6 times wider than in L. primus

(Table 1). The talonid of ml in P. geno-

waysi is enlarged with well-defined cusps

(hypoconid, hypoconulid, and entoconid) as

in Procyon lotor.

The carnassial is a critical tooth in car-

nivorous mammals and major changes in its

structure usually indicate changes in dietary

preference. In general, the more carnivo-

rous the diet the greater the emphasis on

antero-posterior lophing of the trigonid

coupled with reduction of the talonid. Her-

bivory is usually signaled by reduction of

the trigonid and enlargement of the talonid.

Leptarctus follows this pattern. Cross-loph-

ing is also characteristic of the teeth of her-

bivorous mammals. Pseiidoleptarctus pre-

sents an unusual mixture of these features.

The trigonid is not reduced being about the

same length as the talonid, but its anterior

margin is squared so that the tooth pattern

is dominated by cross-lophs. This creates a

tooth even more modified towards herbiv-

ory than that of the raccoon, Procyon lotor,

and in some ways similar to that of the leaf-

eating koala bear, Phascolarctos cinereiis.

We have previously pointed out other sim-

ilarities between Leptarctus and koalas, and

think that leaf-eating might have played a

role in the leptarctine diet, especially in

Pseudoleptarctus (Lim 1997, 1999). Ex-

amination of the muscle insertions indicates

a greater capacity to deviate the mandible

when chewing and this probably contrib-

utes to the rearrangement of cusps and the

accentuation of cross-lophs. The lack of tri-

gonid reduction (already present in Lep-

tarctus) and the large double rooted m2 (as

shown by the alveoli) are primitive char-

acter states as compared to Leptarctus and

show that Pseudoleptarctus is not simply a

late occurring and advanced species of Lep-

tarctus but a separate line that split off early

in leptarctine evolution. The widening of

the trigonid occurs in parallel with widen-

ing of the p4 through enlargement of the

secondary cusp and accentuation of the cin-

gulum. Chewing force has shifted forward

and this is reflected in a slight forward ex-

tension of the masseteric fossa as compared

to Leptarctus. The reduced peg-like central

incisors and the outward divergence of the

canines in leptarctines suggests some spe-

cialized function and might have provided

an exit for a long, slender, mobile tongue.
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Species limits in the pygmy antwren {Myrmotherula brachyura)

complex (Aves: Passeriformes: Thamnophilidae): 1. The taxonomic
status of Myrmotherula brachyura ignota

Morton L. Isler and Phyllis R. Isler

Department of Systematic Biology-Birds, National Museum of Natural History,

Washington, D.C. 20560-0116, U.S.A., e-mail: piantbird@aol.com

Abstract.—The taxonomic position of a trans-Andean avian population de-

scribed as Myrmotherula brachyura ignota Griscom, 1929, has existed under

a cloud of uncertainty for the past fifty years. Recent advances in the use of

vocalizations in species-level taxonomy in suboscines, generally, and tham-

nophilids, specifically, provide a basis for a reexamination of the relationships

of M. b. ignota to two closely related cis-Andean taxa, M. brachyura and M.

obscura. Four independent vocal characters distinguish M. b. ignota from M.

brachyura, whereas the vocalizations of M. b. ignota cannot be distinguished

from those of M. obscura. Myrmotherula b. ignota and M. obscura also share

plumage characters distinct from M. brachyura. Myrmotherula ignota is rec-

ognized as a distinct species, Moustached Antwren, of which M. i. obscura is

a subspecies.

Smallest of the typical antbirds (Tham-

nophilidae), Myrmotherula brachyura was
also one of the first in its family to be de-

scribed (Hermann 1783). Unlike most
thamnophilid species with widespread dis-

tributions for which a plethora of subspe-

cies were described in the following almost

150 years, M. brachyura remained a mono-
typic species as late as 1924 (Cory and

Hellmayr 1924) with a geographic range

extending throughout Amazonia, the

Guianas, and the region immediately north-

west of the Andes. In 1929, the trans-An-

dean population in Panama and Colombia
(now known to extend to northwestern Ec-

uador) was described as M. b. ignota (Gris-

com 1929) based on the briefest of descrip-

tions: "Similar to typical M. brachyura of

Cayenne and Amazonia, but the light

streaking on pileum, wings, and back great-

ly reduced, resulting in more solidly black-

ish areas; female with much paler rufous

crown stripes, and no fulvous on throat."

Zimmer (1932), after examining about

100 cis-Andean specimens of M. brachyu-

ra, noticed that some were "sharply distin-

guishable." He stated that if these speci-

mens were found in allopatry with M.

brachyura, he would have considered them

conspecific, but because they occurred at

the same locations as M. brachyura, he de-

scribed them as a new species, Myrmoth-

erula obscura. Short-billed Antwren. Zim-

mer's diagnosis and descriptions were much
more complete than those of Griscom, but

the salient points can be summarized as fol-

lows. Compared to M. brachyura, male up-

perparts and wings much darker (blacker),

black mystacal stripe and black postocular

stripe much broader, and length of bill re-

duced (ranges of measurements of exposed

culmen abut but do not overlap); female

with pale head markings narrower and more

rufescent, back markings narrower and

whiter, and mystacal streak, postocular area,

and bill length differed like male. The geo-

graphic range of M. obscura has since been

found to extend through southeastern Co-

lombia, eastern Ecuador, northeastern Peru,
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and extreme west-central and southwest

Amazonian Brazil.

In his description Zimmer (1932) did not

compare specimens of M. obscura and M.

b. ignota, apparently because he only had

one male specimen of M. b. ignota at hand.

Myrmotherula b. ignota is an uncommon
bird in the field and in collections, and the

paucity of specimens has hampered under-

standing of its taxonomic position. How-
ever, the similarity of plumage characters

distinguishing M. b. ignota and M. obscura

from M. brachyura is apparent from the de-

scriptions. Subsequently, the similarity

caused Bond (1950), who had obtained two

additional female-plumaged specimens of

M. b. ignota, to consult Hellmayr on the

possibility that they could be more closely

related to M. obscura than to M. brachyura.

Their conclusions were inconclusive, con-

fused by the finding that bill lengths of M.

b. ignota fell into the range of those of M.

brachyura, and Zimmer had emphasized

bill length as an important character sepa-

rating M. brachyura and M. obscura. Their

considerations, however, led Meyer de

Schauensee (1966) to write "It is possible

that what is currently called M. brachyura

ignota from Panama and northwest Colom-

bia may prove to be specifically distinct

from M. brachyura and conspecific with M.

obscura ..." Most recently, the seventh

edition of the Check-list of North American

Birds (American Ornithologists' Union

1998) noted the possibilities that M. b. ig-

nota might be specifically distinct or more

closely related to M. obscura than to M.

brachyura.

Today, bolstered by the growing under-

standing that vocalizations in nearly all su-

boscines (including the Thamnophilidae)

are innate, vocal characters are increasingly

employed in examining species level ques-

tions in these families (Baptista & Kroods-

ma 2001). In an effort to provide a point of

reference for considering species limits in

the Thamnophilidae using vocal characters,

Isler et al. (1998) compared characteristics

of vocalizations of eight pairs of closely re-

lated but reproductively isolated, syntopic

antbird species. Among these were M. ob-

scura and M. brachyura, whose vocaliza-

tions in the region of sympatry were ana-

lyzed. Three independent vocal characters

were found to distinguish loudsongs (sensu

Willis 1967) of the two species, and in ad-

dition, each species included a call in its

repertoire not known to be delivered by the

other.

Given the diagnostic differences found

between vocalizations of M. obscura and

M. brachyura, an obvious question for em-

pirical analysis is which of these species are

the vocalizations of M. b. ignota most

closely related? Earlier consideration of the

question was hampered by the lack of vocal

recordings of M. b. ignota, a situation sim-

ilar to that facing earlier specimen compar-

isons. Ten years ago only one recording of

M. b. ignota, a loudsong, was available. Its

initial examination suggested that M. b. ig-

nota was more closely related to M. obscu-

ra (M. & P. Isler, R. Ridgely in Ridgely &
Tudor 1994), but the single example pre-

cluded analysis. Since then, a number of re-

cordings of M. b. ignota have been ob-

tained, and they allow us to address this

fundamental question.

Methods

Because current species designations

confuse rather than clarify the discussion,

henceforth in this paper we refer to the

three taxa simply as brachyura, obscura,

and ignota.

Morphology.—Examination of speci-

mens available at the National Museum of

Natural History (USNM) indicated that de-

scriptions of earlier authors (cited in the in-

troduction) accurately reflected plumage
coloration of the three taxa. Consequently,

no additional plumage data were obtained.

Because of the importance of bill measure-

ments in the description of obscura, and be-

cause the differences in bill length between

ignota and obscura deterred earlier workers

from establishing a close relationship be-
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tween the taxa, measurements of bill length

were obtained, using MAX-CAL electronic

digital calipers, from specimens of the Lou-

isiana State University Museum of Natural

Science, Baton Rouge, Museo de Historia

Natural de la Universidad Nacional Mayor
de San Marcos, Lima, Peru, and USNM.

Vocalizations.—The sample of record-

ings of brachyura and obscura used and

referenced in an earlier study of vocal dif-

ferences (Isler et al. 1998) was employed in

this analysis. The sample was obtained in

the vicinity of the lower Rio Napo in north-

ern Peru. The reason for confining the sam-

ple to this area was to obviate the possibil-

ity of introducing geographic variation in

the vocalizations of the wide-ranging

brachyura into the comparison. Analysis of

geographic variation in the vocalizations of

brachyura was beyond the scope of this pa-

per but will be addressed subsequently.

Seven recordings of ignota from Panama
and three from Ecuador were employed.

The recordings were not yet archived in an

institutional collection. They were obtained

at the following locations (listed as country,

department, locality) which are followed by

the name of recordist and number of indi-

viduals recorded. PANAMA: Colon: Canal

Zone (R. Ridgely 1, B. Whitney 3). San

Bias: Nusagandi (B. Whitney 1). Darien:

Cerro Pirre (B. Whitney 1), Cana (B. Whit-

ney 1). ECUADOR: Esmeraldas: 30 km E
San Lorenzo (D. Lane 1). Pichincha: 20 km
N Pedro Vicente Maldonaldo (D. Lane, 2).

Recordings were analyzed using "Ca-

nary 2.1.4" software (Charif et al. 1995).

Procedures for analyzing vocalizations of

brachyura and obscura were described in

the earlier paper (Isler et al. 1998). Vocal-

izations of ignota were analyzed as follows.

First, sound spectrograms were printed of

each recording to identify vocalization

types and to permit visual comparisons

among recordings. In each recording, the

first three measurable loudsongs were se-

lected for measurement. Measurements
were directed to vocal characteristics that

had been found to differ diagnostically in

the earlier comparisons of brachyura and

obscura. Number of notes, duration, and

pace (notes/sec) were obtained for the entire

vocalization. Then, loudsongs were divided

into five sections (Isler et al. 1998) to obtain

the pace for each section and ratios of

change of pace between sections. Measure-

ments were also taken of the duration of the

second, middle, and next-to-last notes and

the spaces following them.

Finally, we determined whether vocal

characters differed diagnostically between

taxa, employing guidelines developed ear-

lier (Isler et al. 1998, 1999). As described

in more detail in the previous papers, such

differences must be unambiguously distinct

character states, or, in the case of continu-

ous variables, ranges may not overlap and

the means (x) and standard deviations {SD)

of the population with the smaller set of

measurements (a) and the population with

the larger set of measurements (b) must

meet the requirement:

X, + t^SD, < Xb - t^SD^ (1)

where t^ = the r-score at the 97.5 percentile

of the t distribution for n — \ degrees of

freedom (except for ratios where this statis-

tical test is inappropriate).

Results and Discussion

Morphology.—Principal plumage char-

acters distinguishing the taxa are as follows.

Males of ignota and obscura are similar to

brachyura except mystacal streak is broader

and more distinct, black postocular streak

more prominent, and black of crown and

upperparts more extensive. Male obscura

differs from ignota in having fewer pale

streaks and consequently more extensive

black in the plumage, especially on upper-

parts. Female ignota and obscura similar to

brachyura except malar and postocular

streaks are more prominent (as in male) and

light portions of head, throat, and breast are

darker: tawny brown in ignota, and buff in

obscura (distinguishing these two taxa)

rather than white or white tinged buff as in

brachyura.
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Bill measurements were taken from a

larger number of specimens of ignotci, in-

cluding the first specimens from Colombia,

than were available to earlier authors. The
mean of bill length (measured from the na-

res) for ignota in Panama is 8.4 ± SD of

0.2 mm (range 8.2 to 8.8, n = 8); in Co-

lombia the mean was 7.9 ± SD of 0.2 mm
(range 7.5 to 8.1, n = 7). Equivalent values

for obscura in Peru are 7.5 ± SD of 0.3

mm (range 6.8 to 8.1, n = 16), and those

for brachyura (various countries) are 8.7 ±
SD of 0.3 mm (range 8.4 to 9.3, n = 8).

These values confirm the difference in bill

length between ignota in Panama and ob-

scura found by earlier authors, but they also

show that bill length of ignota in Colombia

is intermediate, suggesting the possibility of

clinal variation between populations of ig-

nota in Panama and obscura in Amazonia.

Vocalizations.—The earlier study of vo-

cal differences between brachyura and ob-

scura (Isler et al. 1998) concluded that

there are at least four independent vocal

characters that distinguish the two taxa.

These vocal differences, although primarily

determined by measurements, are also evi-

dent in visual comparisons of sound spec-

trograms (Fig. 1). The examples shown in

the figure are typical for each taxon, i.e.,

they represent a composite of the mean val-

ues of measurable vocal characters obtained

for all spectrograms that were studied. No
diagnostic differences have been found be-

tween vocalizations of ignota recorded in

Panama and in Ecuador, and the example

shown in Fig. 1 and the data that follow

represent combined values for recordings

obtained in both countries. The only re-

cording available from near the type local-

ity of ignota, that of a loudsong, conforms

closely to the example shown.

Visual examination of the spectrograms

(Fig. 1) shows that the vocalizations of ig-

nota are similar to those of obscura and dif-

fer from those of brachyura. Visually ap-

parent in comparisons, the loudsong of

brachyura is faster in pace (notes/sec) than

those of obscura and ignota, and the central

notes of brachyura loudsongs are short and

sharply downslurred sounding unmusical to

the human ear, whereas those of obscura

and ignota are longer and less steeply

downslurred, having more of a musical

quality. Less obvious visually, the pace of

brachyura speeds up more than that of ob-

scura and ignota (erroneously verbally de-

scribed as the reverse in Isler et al. 1998

although the quantitative data were correct).

In addition to the loudsong, brachyura and

obscura deliver an abrupt note (Fig. IB, G)

that does not differ diagnosably between

them (not yet recorded for ignota). How-
ever, a second type of call is clearly distinct.

The second call of brachyura (n = 4) is a

stereotyped trill (Fig. IC), but those of ob-

scura {n — 12) and ignota (n = 4) a down-

slurred note (Fig. IE, H). The latter varies

somewhat among individuals, as exempli-

fied in Fig. 1, but is consistent in its essen-

tial characteristics.

Visual distinctions between loudsongs of

brachyura (Fig. lA) and those of obscura

(Fig. ID) and ignota (Fig. IF) are support-

ed by comparative analysis of measure-

ments (data presented include the mean fol-

lowed by the standard deviation and range).

Comparing the entire loudsong, there was
no overlap in ranges of the number of notes

between brachyura loudsongs (28.3 ± 3.0,

23-33 notes; n = \\) and loudsongs of ig-

nota {11.A ± 1.8, 14-21; n = W) and ob-

scura (16.4 ± 3.2, 11-22; n = 19) although

only the difference between brachyura and

ignota meets our test of significance. On the

other hand, brachyura loudsongs are sig-

nificantly faster in pace than loudsongs of

both ignota and obscura; (11.3 ± 0.7,

10.0-12.4 notes/sec) versus (6.6 ± 0.5,

6.0-7.5) and (6.1 ± 0.6, 5.0-7.0) respec-

tively. Differences noted visually between

the central notes of brachyura loudsongs

and those of ignota and obscura are reflect-

ed in significant differences in the lengths

of the middle notes; (28 ± 3, 21-32 msec)

versus (62 ± 5, 54-71) and (62 ± 8, 45-

77) respectively. Finally, change in pace in

the initial half of the song is reflected in the
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Fig. 1. Sound spectrograms of loudsongs and calls of taxa in the Myrmotherida brachyura complex. (A)

loudsong of brachyura (Peru, Loreto, Quebrada Sucusari; ISL BMW.23:10; Whitney); (B) abrupt note of brach-

yura (Peru, Loreto, Quebrada Sucusari; ISL BMW.23:10; Whitney); (C) stereotyped trill of brachyura (Peru,

Loreto, Quebrada Sucusari; ISL BMW94:16; Whitney); (D) loudsong of ignota (Ecuador, Esmeraldas, 30 km
SE of San Lorenzo; ISL DFL.5:01; Lane); (E) downslurred note of ignota (Ecuador, Esmeraldas, 30 km SE of

San Lorenzo; ISL DEL.5:01; Lane); (F) loudsong of obscura (Peru, Loreto, Quebrada Sucusari; MLNS 30881;

Parker); (G) abrupt note of obscura (Peru, Loreto, Quebrada Papaya; MLNS 29192; Parker); (H) downslurred

note of obscura (Peru, Loreto, Quebrada Papaya; MLNS 29192; Parker). Identification data include location,

archive number, and recordist. Acronyms for recording archives: MLNS = Macaulay Library of Natural Sounds,

Cornell Laboratory of Ornithology, Ithaca, New York; ISL = recordings not yet archived in an institutional

collection but copied into an inventory maintained by the authors.

ratio between the duration of the second

note and space and that of the middle note

and space, with the higher ratios expressing

a greater reduction in duration and hence a

more rapid acceleration in pace; values of

this ratio are greater for brachyura (1.73 ±
0.11, 1.61-2.04) than for ignota (1.28 ±
0.10, 1.08-1.44) and obscura (1.29 ± 0.08,

1.18-1.47). In summary, four independent

vocal characters differ diagnostically be-

tween brachyura and ignota and three be-

tween brachyura and obscura; vocal differ-

ences between ignota and obscura are in-

significant.

Conclusions

Earlier studies have shown that brach-

yura and obscura are syntopic species that

exhibit numerous diagnosable differences

in vocalizations and morphology. Our com-

parison of brachyura and ignota demon-

strates that these allopatric taxa differ to a

similar extent vocally and morphologically
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as do the sympatric brachyura and obscura.

We therefore conclude that brachyura and

ignota are specifically distinct, and we rec-

ommend that ignota be raised to species

level. However, ignota and obscura cannot

be separated vocally, and given the minimal

morphological distinctions between them

and recognizing the principle of priority, we
recommend that obscura be considered a

subspecies of Myrmotherula ignota under

the Biological Species Concept (Johnson et

al. 1999). Additional data and analysis, in-

cluding genetic studies, are needed to con-

firm whether differences between M. i. ig-

nota and M. i. obscura warrant their main-

tenance as subspecies, or conversely, that

they deserve recognition as distinct species.

We propose the English name Mousta-

ched Antwren for M. ignota. The name re-

flects the wide black mystacal stripe char-

acteristic of both subspecies. The name
Short-billed Antwren, previously given ob-

scura, is no longer appropriate because bill

lengths of the newly constituted species

overlap the bill lengths of brachyura. Nor

do we believe that Griscom's Antwren, pro-

posed for ignota if it were to be considered

a distinct species (Ridgely & Tudor 1994),

is satisfactory. In our opinion, Zimmer's de-

tective work in discovering obscura is

much more worthy of recognition than

Griscom's minimal description of ignota,

and it seems best to use a plumage feature

as a basis for the English name.
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New fossil material with a redescription of the extinct Condor
Gymnogyps varonai (Arredondo, 1971) from the Quaternary of Cuba

(Aves: Vulturidae)

William Suarez and Steven D. Emslie

(WS) Museo Nacional de Historia Natural, Obispo 61, Plaza de Armas,

La Habana, CH 10100, Cuba, e-mail: geopal@mnhnc.inf.cu;
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Abstract.—New material of the Cuban Condor, originally described at An-

tillovultur varonai (Arredondo, 1971), indicates that it is definitely referable to

the genus Gymnogyps, but possesses other unique features that support its status

as an extinct endemic species. It is characterized by distinct cranial and pre-

maxillary features that are associated with more powerful musculature for feed-

ing. These features include dorso-ventral deepening of the skull, long and mas-

sive occipital processes, a large occipital condyle, and a more vaulted and broad

rostrum compared with the living species G. californianus. Postcranial bones

differ little from the living California Condor except in being larger and more

robust. The Cuban Condor may have evolved relatively rapidly after a mainland

population of G. kofordi or G. californianus reached the island and became
specialized on the limited large prey available there during the Pleistocene.

Resumen.—Nuevo material del Condor Cubano, originalmente descrito

como Antillovultur varonai (Arredondo, 1971), indica que este es definitiva-

mente referible al genero Gymnogyps, pero posee caracteres unicos que sus-

tentan su estado como especie endemica extinta. Se caracteriza por rasgos cra-

neales y premaxilares distintivos, asociados a una musculatura potente, dado

su modo de alimentacion. El craneo presenta una mayor profundidad dorso-

ventral, procesos occipitales largos y masivos, condilo occipital grande, y rostro

mas ancho y arqueado, en comparacion con la especie viviente G. californi-

anus. Los huesos postcraneales difieren poco del Condor de California, excepto

por ser mayores y mas robustos. El Condor Cubano pudo haber evolucionado

relativamente rapido a partir de la colonizacion de la isla por una poblacion

continental de G. kofordi o G. Californianus, que se especializo en el consumo
de las limitadas carroiias derivadas de la megafauna disponible en Cuba durante

el Pleistoceno.

Condors are large members of the family pability of these scavengers to cross large

Vulturidae ( = Cathartidae auct.) that appear bodies of water (see Tambussi & Noriega

to have originated in North America and 1999). The genus Gymnogyps Lesson was
later colonized South America (Emslie most diverse in the Pleistocene and only the

1988). The only condor known outside the California Condor (G. californianus) sur-

continental mainland of the Americas is the vives today (Emslie 1988). The earliest re-

Cuban Condor Gymnogyps C'Antillovul- cord of the genus is from late Pliocene

fMr") varonai (Arredondo 1971, 1976; Sua- (Blancan) deposits of Florida (Emslie 1988,

rez 2000), providing evidence for the ca- 1998). In addition, the fossil species Gym-
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nogyps kofordi is known from the early

Pleistocene (middle Irvingtonian) of Flori-

da (Emslie 1988). The only other fossil spe-

cies in this genus are G. howardae from the

late Pleistocene asphalt deposits of Talara

Tar Seeps, Peru (Campbell 1979) and G.

varonai, originally described as Antillovul-

tur varonai (Arredondo, 1971) from Qua-

ternary cave deposits of Cuba. The sup-

posed species, G. amplus, from late Pleis-

tocene asphalt deposits of Rancho La Brea

(Rancholabrean) described by Miller

(1911), is now considered to be a junior

synonym of G. californianus and was a

large. Pleistocene temporal subspecies (Em-

slie 1988).

Recently, Suarez (2000) reviewed newly

recovered fossil material and the generic

status of the Cuban Condor as well as its

paleodistribution and possible origin. As a

result of this review, the monotypic and en-

demic genus ''Antillovultuf\ in which the

species varonai was originally described,

was considered congeneric with Gymno-
gyps, an assumption that had been made by

other authors (Olson 1978, Emslie 1988).

Certain cranial and postcranial characters

of Gymnogyps varonai were described by

Suarez (2000), but were limited to only the

generic, rather than the specific, position of

the Cuban bird. Although some cranial fea-

tures agreed with those described for fossil

specimens of G. californianus amplus and

G. kofordi, no direct comparisons were

made with these taxa and the specific status

of the Cuban bird has remained unclear

since that time. Here we provide more de-

tailed comparisons of the Cuban Condor

with other fossil and living species.

Materials and Methods

Material examined.—The same speci-

mens of the Cuban Condor, Gymnogyps va-

ronai, listed with localities and depositories

by Suarez (2000). Proximal end of a right

radius, Instituto de Ecologia y Sistematica,

La Habana, Cuba (IZACC 400-813). Fos-

sils from the paleontological collection of

the Museo Nacional de Historia Natural, La
Habana, Cuba (MNHNCu), recovered in as-

phalt deposits Las Breas de San Felipe (San

Felipe II), 5.5 km west of Marti, Munici-

pality of Marti, Matanzas Province, Cuba
(for description and discussion of the chro-

nology of this deposit see Iturralde-Vinent

et al. 2000): fragmentary premaxillae

(MNHNCu P4594, MNHNCu P4595), right

coracoid (MNHNCu P4596), proximal right

carpometacarpus (MNHNCu P4597) and

distal left tarsometatarsus (MNHNCu
P4598). Other fossil material examined is

housed at: Museo Polivalente de Sagua la

Grande, Villa Clara (MPSG), Collection of

Oscar Arredondo, La Habana (OA), and

Collection of William Suarez, La Habana

(WS).

Comparative material of the living, post-

Pleistocene subspecies of the California

Condor, Gymnogyps c. californianus ex-

amined at the National Museum of Natural

History, Smithsonian Institution (USNM),
include the following skeletons: 13823,

17033, 17946-50, 345225, 346582,

489359, 489406, 489755, 492447. Compar-

isons with specimens of the fossil Califor-

nia Condor, G. c. amplus from Rancho la

Brea, were made with the extensive collec-

tions of the George C. Page Museum, Los

Angeles, California. Specimens of G. ko-

fordi from Florida Museum of Natural His-

tory, Gainesville (UF) include the following

paratypes: distal right ulna UF 63516; left

femur UF 63513; distal left tarsometatarsus

UF 31904. Casts of the holotypical right

tarsometatarsus UF 63512, and paratypical

fragmentary cranium UF 63517, also were

used for comparison with this species. Os-

teological terminology herein follows that

of Howard (1929), Fisher (1944), and Jollie

(1976-1977). Measurements were taken

with a vernier caliper to the nearest 0. 1 mm,
following the methods of Fisher (1944) and

Emslie (1988) for the cranium. Measure-

ments designated with a plus sign ( + ) are

from specimens with wear and abrasion,

and are approximate.



VOLUME 116, NUMBER 1 31

Systematic Paleontology

Class Aves

Order Ciconiiformes

Family Vulturidae (Illiger, 1811)

Genus Gymnogyps Lesson, 1842

Generic characters of Gymnogyps (Em-

slie 1988) found in the Cuban specimens

(Suarez 2000) are: cranium in dorsal view

with constriction at postorbital, supraorbital

edge convex, postorbital pit deep, upper

mandible short and robust with nasal bar

near the horizontal position in lateral view,

bony circle formed by medial septum. Car-

pometacarpus with large proximal symphy-

sis (see Howard 1974); tarsometatarsus

with concave surface of posterior shaft and

with well-developed posterior protrusion on

external cotyla.

Gymnogyps varonai (Arredondo, 1971)

Amended diagnosis.—Gymnogyps va-

ronai differs from G. californianus Say, G.

kofordi Emslie, and G. howardae Campbell

(cranial material unknown in this species),

in having: premaxillary short, broad and

deeply vaulted, positioned near the level of

the external nares (premaxillary larger and

less vaulted in G. californianus; shorter, but

less vaulted in G. kofordi), nasal bar very

short, broad and flat (nasal bar relatively

more slender, less broad and more rounded

dorsally, not as flat in G. californianus;

more slender, less broad, and constricted at

the midpoint in G. kofordi), alinasal large,

wide and flat, occupying more space in a

shorter narial opening (alinasal small and

less wide and flat, with narial opening larg-

er in G. californianus; narial opening very

large in G. kofordi); interpalatal space thin,

maxilla wide, and maxillopalatines with a

thin space between them so that they nearly

touch at the mid line (interpalatal space

wide in both G. californianus and G. ko-

fordi); cranium high, with strong protrusion

of the supraoccipital, large and massive oc-

cipital processes with lateral areas beside

supraoccipital protrusion thin and high (su-

praoccipital less protruding, with lateral ar-

eas wide and not as high in G. c. califor-

nianus; supraoccipital protrusion similar in

G. c. amplus and G. kofordi, but with lateral

areas wide and not as high), space between

both temporal fossae small and flat (space

between both temporal fossae wide and less

flattened in G. c. californianus and G. ko-

fordi), nuchal crest rostrally placed causing

the area between this crest and the postor-

bital process to be very short (larger in

specimens of G. c. amplus and G. kofordi),

interorbital space wide and flat (narrower

and more rounded in G. californianus and

G. kofordi), postorbital processes short with

caudal orientation (postorbital processes

larger with rostral orientation in G. califor-

nianus; larger with slightly more rostral po-

sition in G. kofordi); temporal fossa short

antero-posteriorly, but deep and in general

high and wide. Distal end of ulna flat in

external-distal surface, external condyle

short and wide, distal radial depression

large and pneumatic, carpal tuberosity large

(rounded external-distal surface, external

condyle large with distal radial depression

small, less pneumatic in G. californianus;

large and pneumatic distal radial depression

in G. kofordi). Tibiotarsus with internal and

external cnemial crests weakly developed

and projected with reduction of muscular

insertions, anterior and posterior intercon-

dylar sulcus very thin causing the external

condyle in distal view to be shorter and

more voluminous. Tasometatarsus relatively

short and robust, distal foramen placed low

on shaft though this feature is variable.

Comparative Description

The Cuban Condor is particularly distinct

from from G. californianus and G. kofordi

in having a deeper, more laterally-com-

pressed cranium with exagerated occipital

and opisthotic processes, and the more ros-

tal placement of the nuchal crest (Fig. 1).

The rostrum (Fig. 2) also is more robust and

deeply vaulted, with the dorsal surface

bulging slightly above the level of the nasal
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Fig. 1. Partial skull (MPSG 21) of Gymnogyps varonai (middle) in comparison with the equivalent element

in fossil (right) and living (left, USNM 492447) G. californianus, in dorsal (A) and lateral (B) views. Scale bar

= 1 cm.

bar, more so than in G. californianus and

G. kofordi. The mandible is similar to Gym-
nogyps californianus except in being gen-

erally more robust, with larger and blunter

articular processes. This element is not

known in G. kofordi.

Postcranial characters of the Cuban Con-

dor that differ from G. californianus in-

clude coracoid with higher and more mas-

sive furcular facet and coraco-humeral sur-

face, attachment for anterior articular liga-

ment in distal humerus extends farther

distal-externally on shaft, presence of small

pneumatic foramen on proximal shaft of ra-

dius below capital tuberosity (similar to G.

kofordi), distal ulna with prominent shelf on

the carpal tuberosity with a large foramen

located distal to the shelf (similar to G. ko-

fordi) and external condyle that tapers and

extends less proximally, tibiotarsus (Fig. 3)

with relatively long fibular crest and distal

end with narrow intercondylar fossa when
viewed distally, and tarsometatarsus (Fig.

4) with long and narrow middle trochlea

(similar to G. kofordi).

Measurements (mm).—Cranium (MPSG
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Fig. 2. Lateral view of the rostrum (upper mandible: MNHNCu P4613) of Gytunogyps varonai (middle) in

comparison with the equivalent element in living (top. USNM 492447) and fossil (bottom) G. californianus.

Scale bar = 1 cm.

21): temporal breadth, 43.2; cranial height,

38.8; postorbital position 51.9; postorbital

breadth, 43.0; occipital breadth, 33.7. Pre-

maxilla (MNHNCu P4613, formerly P588):

breadth, 26.5; narial length, 21.9; narial

breadth, 8.1: least breadth of nasal bar,

10.4: breadth of interpalatal space, 8.7;

MNHNCu P4594: least breadth of nasal

bar, 11.1.

Coracoid (MNHNCu P4596): total

length, 98.9; least breadth at midpoint,

17.0; depth at level of midpoint of glenoid

facet, 21.8. Humerus (MPSG 30 and 31):

proximal breadth, 53.0 and 52.6, respec-
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Fig. 3. Distal left tibiotarsus (MPSG 43) of Gymnogyps varonai (left) in comparison with the equivalent

element in the living G. californianus (right, USNM 492447). Scale bar = 1 cm.
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Fig. 4. Left (middle, WS 125) and right (right, WS 978) tarsometartarsi of Gymnogyps varonai in comparison

with fossil G. californianus from Rancho la Brea (left). Scale bar = 1 cm.

lively; depth of head, 18.0 and 18.2; IZ-

ACC P80: least breadth and depth of shaft,

20.0 and 16.0; distal breadth and depth,

47.4 and 26.4; MPSG 32 and 33: distal

breadth, 49.0 and 48.7, respectively; MPSG
33: distal depth, 25.1. Ulna (MPSG 34):

distal breadth and depth, 22.9 and 23.3. Ra-

dius (MPSG 36 and 37, IZACC 400-813):

greatest diameter at proximal end, 16.9,

15.7, and 15.8, respectively; MPSG 35: dis-

tal breadth, 23.6. Femur (OA 3202): total

length, 141.0; proximal breadth, 37.3; depth

of head, 17.0; least breadth shaft, 17.4; dis-

tal breadth, 35.6; MPSG 38: proximal

breadth, 35.7; depth of head, 17.8. Tibi-

otarsus (MPSG 42): breadth of proximal
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end through articular surface, 28.3; MPSG
43: least breadth and depth of shaft, 14.2

and 11.6; depth of external condyle, 23.5;

distal breadth, 26.2; MPSG 41: length of

fibular crest, 53.2. Tarsometatarsus (WS
125): proximal breadth, 25.7 + ; least

breadth and depth of shaft, 15.0 and 8.8;

MPSG 45e: proximal depth, 22.4; least

depth shaft, 7.1 + ; breadth and depth of

trochlea for digit 4, 8.2 and 16.3+ ; WS
978: least breadth and depth of shaft, 14.7

and 8.8; distal breadth, 32.2+ ; breadth and

depth of trochlea for digit 2, 9.6+ and

13. 1 + ; breadth and depth of trochlea for

digit 3, 11.4+ and 16.5; breadth and depth

of trochlea for digit 4, 7.6 and 14.9+ ;

MNHNCu P4598: distal breadth, 33.0;

breadth and depth of trochlea for digit 2,

10.0 and 13.4; breadth and depth of troch-

lea for digit 3 depth, 1 1.7 and 16.6; breadth

and depth of trochlea for digit 4, 8.3 and

13.4; OA 847: breadth and depth of troch-

lea for digit 4, 8.0 and 15.9.

Discussion

The Cuban Condor differs from other

fossil and living Gymnogyps mainly in fea-

tures of the skull. The long and massive

occipital processes, the shape of the brain-

case, and the relatively large occipital con-

dyle indicate that this species had large

neck vertebrae and greater musculature in

the head and neck associated with feeding.

In addition, the relatively robust bill indi-

cates that the Cuban Condor was more
powerful and presumably could tear thick

skin and sinew more easily than other con-

dors of this genus. The more rostral place-

ment of the nuchal crest in the Cuban Con-

dor compared to other fossil and living

Gymnogyps also is probably related to this

more powerful feeding ability (see also

Hertel 1995 for a description of cranial fea-

tures related to scavenging). Postcranially,

the Cuban species shows few differences in

characters with other condors except for be-

ing relatively larger and more robust than

G. califomianus californianus or G. kofor-

di, and more similar to G. c. amplus (Suarez

2000).

The Cuban Condor may have descended

from Gymnogyps kofordi or G. californi-

anus, both of which occurred in Florida

(Emslie 1998, Suarez 2000). We hypothe-

size that a population of one of these spe-

cies reached Cuba in the early to late Pleis-

tocene and quickly diverged into the en-

demic form. Although fossil evidence is

lacking for the presence of condors in Cuba
prior to the late Pleistocene, G. varonai

shares more cranial and some postcranial

similarities with G. kofordi than with G
californianus, although the rostrum is most

similar to that of G. californianus, espe-

cially in the configuration of the nasal bar.

Once established in Cuba, rapid diver-

gence from its Florida counterpart would be

facilitated by its insular isolation. In addi-

tion, we speculate that limited large prey

available at that time also might facilitate

rapid morphological change in the cranial

and bill regions. Large vertebrates known
from the late Pleistocene of Cuba such as

sloths [Megalocnus, Parocnus (=Mesoc-

nus), Acratocnus (=Miocnus)], large ro-

dents, and tortoises (Geochelone) were the

main food sources for Gymnogyps (Suarez

2000). It is likely that the condors began to

specialize on carcasses of these species and

the thick hides of the sloths, and the hard

carapaces of the turtles, selected for a more

powerful feeding apparatus in Cuban Con-

dors than in mainland species with more

varied food sources.

Strong competitive interactions at car-

casses with other scavenging birds identi-

fied in the fossil record of Cuba (Suarez

2001), including many raptorial species that

were quite diverse in the Quaternary here,

also may have increased the selective pres-

sure for the robust cranial characters of

Gymnogyps varonai. A more powerful bill

for holding onto prey remains during inter-

actions at a carcass may have made the Cu-

ban Condor more competitive if food was

limiting. Additional research on the func-

tional morphology of the unique cranial
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characteristics of G. varonai with further

studies of the extensive undescribed mate-

rial of raptors from the Quaternary of Cuba
are needed to further address this issue.
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A new gecko (Reptilia: Squamata: Genus Lepidodactylus) from
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Abstract.—A Group II Lepidodactylus was discovered during a recent bio-

diversity survey of Tuvalu. These geckos uniquely share a heavily pigmented

oral cavity with the Rotuman L. gardineri and also are most similar to L.

gardineri in scalation, size, and body proportions; however, differences in the

pubic patch of enlarged scales and the thickness of the head support speciation

of the Tuvaluan population. This population is described and characterized.

Two families of lizards are widespread

and common colonizers of the islands of

Oceania. The skinks (Scincidae) are diurnal

and predominantly terrestrial lizards; the

geckos are nocturnal and mainly arboreal

ones. The origins and dates of these lizards'

colonization of Oceania remain debatable,

although recent man-assisted colonization

seems unquestionably the mode of dispersal

for a few species, e.g., moth skink (Lipinia

noctua; Austin 1999) and house gecko

(Hemidactylus frenatus; Case et al. 1994).

For other taxa, such as the geckos of the

genus Lepidodactylus, dispersal throughout

western Oceania likely occurred in the dis-

tant past and well before human coloniza-

tion of this area, because several endemic

species occur irregularly from Rotuma, Viti

Levu, 'Eua and westward. These species (L.

gardineri, L. manni, L. euaensis, respec-

tively, and others) are morphologically well

differentiated and largely forest residents,

thereby suggesting long periods of isola-

tion. The interrelationships of these three

taxa to one another and to congeners of the

more western island groups are unresolved.

Phenetically, Lepidodactylus consists of

three species groups (Brown & Parker

1977). Group III (L. lugubris and relatives)

consists of bisexual and unisexual species

and populations, and one or more Group III

species occur on almost every island in

Oceania. Group III members are considered

to be the most derived taxa of Lepidodac-

tylus (Ota et al. 1995), and their current dis-

tribution likely derives from natural and hu-

man-assisted dispersal. The other two phe-

netic groups, Group I (L. pumilis and allies)

and Group II (L. guppyi and allies) are less

specialized in morphology and are irregu-

larly distributed among the islands west of

and including the Tongan arc. L. manni

(Fiji) and L. euaensis (Tonga) are members
of Group I that is characterized by undivid-

ed digital lamellae, and L. gardineri (Ro-

tuma) is a Group II species, characterized

by a few subterminal divided lamellae.

It was, thus, surprising when a recent bi-

otic survey in Tuvalu discovered another

Group II Lepidodactylus. Individuals of this

Lepidodactylus appear similar to Lepido-

dactylus gardineri; however, some subtle

differences suggest that the Tuvaluan pop-

ulation represents a more ancient dispersal

than a man-assisted one and that this pop-

ulation's isolation has resulted in speciation.

We recommend that the Tuvulan population

be known as:
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Fig. 1. The holotype of Lepidodactyliis tepukapili. USNM 531712.

Lepidodactylus tepukapili, new species

Fig. 1

Holotype.—XJS'HM 531712. an adult

male from Fuakea [Fuagea] (8°34'S,

179°04'E), Funafuti Atoll, Tuvalu, collected

by Dick Watling on 4 September 1998.

Paratypes.—US^M 531713-16, a juve-

nile male, an adult female and two adult

males, respectively, from Tepuka (8°28'S,

179°05'E), Funafuti Atoll, Tuvalu, collected

by Dick Watling on 3 September 1998.

Diagnosis.—Lepidodactylus tepukapili is

a Group II species with the division or deep

notching of two or three of the subterminal

digital lamellae of second through fifth dig-

its of the fore- and hindfeet. It differs from

other Group II members: by the possession

of a continuous row of 36 or more femoral-

precloacal pores in adult males, 35 or less

in L. novaeguineae, L. paurolepis, L. pulch-

er, and L. shebae; by moderately dilated

digital pads of fore- and hindfeet, only

slightly dilated in L. vanuatuensis; by a blu-

ish gray chin and throat, creamy white in

L. guppyi; and by a larger pubic or pre-

cloacal patch of enlarged scales (median 18

vs. 13.5; Table 3) and a flatter head (median

HeadL/SVL 103 vs. 123%: Table 2) in L.

gardineri.

Etymology.—The specific name tepuka-

pili derives from the Tuvaluan language and

is used as a noun in apposition. Pili refers

to any small lizard, (either gecko or skink),

and Tepuka is the island on which the first

specimens were discovered. Puka of tepuka

is the root word for two culturally important

trees on the island, i.e., pukavai, Pisonia

grandis, and pukavaka, Hernandia nym-

phaeifolia.

Description of the holotype.—Snout-

vent length 50.3 mm; head length 11.5;

head width 7.6; head height 5.4; snout-eye

length 4.6; naris-eye length 3.6; orbit di-

ameter 3.2; eye-ear length 3.0; snout width

1.9; interorbital width 3.6; snout-forelimb

length 17.0; trunk length 20.9; crus length

6.0; tail length 37 (regenerate). All mea-

surement here and subsequently are in mil-

limeters. Mensural and scalation characters

defined in appendix.

Snout tapered, rounded at tip; rostral en-

tering nares, width about 2.5 times height;

nares bordered by five scales, three nasals,

one rostral, and first supralabial: five scales

touching rostral between left and right na-

res; 35 interorbital scales; ten left and nine

right supralabials; eight left and nine right

infralabials: mental scale distinct, its ante-

rior width equals midline length; six post-

mental and seven chin scales.
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Fig. 2. Ventral view of the posterior trunk and limbs (left) and right hindfoot (right) of the holotype of

Lepidodactylus tepukapili, USNM 531712.

Body slightly depressed; 118 rows of

scales around midbody; dorsal and lateral

scales granular, without enlarged tubercles,

and in juxtaposition; ventral scales almost

flat, cycloid, 2-3 times larger than dorsal

scales; limbs well developed; subdigital la-

mellae 16/16 and 11/12 on left/right sides

of on digits IV of fore- and hindfoot (Fig.

2), respectively; digital lamellae ventrally

covering nearly all of forefoot digits and I-

II digits of hindfoot, about % of digits III-

V of hindfoot; all digits of fore- and hind-

foot clawed except the first; ultimate claw-

bearing and penultimate phalanges of fore

and hind digits raised above pad although

only claw free and extending over distal

edge of pad; fore- and hindfoot webbing

modest (<l/5 digit length); precloacal and

femoral pore rows continuous with 38 ex-

creting pores, reaching about Ya length of

thigh; scales adjacent to pore bearing ones

enlarged, usually in two rows anterior to

pore row and posteriorly forming pubic

patch of enlarged scales (Fig. 2).

Posterior third of tail recently regenerate

and likely regenerated from hemipenial

sheath distally; tail subcylindrical through-

out length, gradually tapering to a blunt tip;

lateral margins without spines or skin flang-

es; scales on tail annulate, cycloid, larger

ventrally than dorsally, and subcaudal

scales about 1.5 times belly scales; base of

tail distinctly swollen by hemipenes; single

large, blunt cloacal spur on each side.

Color of holotype.—In preservation, dor-

sal ground color of head, body, limbs, and

tail brown with faint and discontinuous

mottling of darker brown; ventrally, chin to

anterior throat dusky, thereafter white with

slight ventrolateral dark flecking on belly,

ventrally tail white except for dusky on re-

cently regenerate portion. When first found,

the gecko was a rich chocolate brown dor-

sally with lighter brown patches or mottling

on the sides; the venter from chin onto tail

was a bright dark yellow. Scales around eye

and along upper lip were light, and interior

of the mouth and tongue were black. The
brighter coloration faded within an hour to

a grayish brown dorsally and laterally, and

a less intense yellow venter.

Variation.—The two adult male para-

types (USNM 531715-716) are distinctly

smaller (43.5, 43.1 mm SVL, respectively)

than the holotype but not greatly different

from the adult female paratype (USNM
531714, 41.1 mm). There appear to be no

proportional differences either between the

smaller males and holotype or the female.

The small sample size prevents any test of
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size dimorphism between adult females and

males. The absence of dimorphism also ap-

pears to be the situation for most aspects of

scalation. Comparing the scalation of the

holotype with the four paratypes yield the

following: Ros, width usually 2.5 X height;

RosC, absent in all; NaRos, no contact in

all; Nainf, no contact in all; CircNa, in-

variant 3; SnS, 5 scales in holotype and ei-

ther 4 or 5 in paratypes; IntorbS, 35 and

29-34; Suplab, 9 and 7-9; Inflab, 9 and 8-

9; Men, width equals height in all; PosMen,

6 and 7-10; Chin, 7 and 8-14; Midb, 118

and 100-113; CloacS, 1 and 1-2; Subcaud,

width 1.5X height and 1.0-2.0X; ForefL,

16 and 14-15; HindfL, 12 and 12-15;

LamNF, invariant 2; LamNL, invariant 4^^;

PoreRS, 43 and 37-42; Web, invariant bas-

al Wh; PreclP, 17 and 12-18; for the males

PreclPor, 38 and 39-40. These scalation

traits show little variation within the Tuvalu

sample.

Color notes for the individual L. tepu-

kapili are not available and likely would

display no greater variation among individ-

uals than within an individual as an indi-

vidual's coloration shifted owing to physi-

ological and psychological state. In preser-

vation, the paratypes share the dorsal

ground color with the holotype, although

the dark brown mottling is more extensive

on all paratypes, and the mottling largely

dominates the dorsal coloration of USNM
531714 and 531716. Similarly the para-

types share the holotype 's ventral coloration

with more ventrolateral flecking from the

neck to the hindlimbs; their chins and

throats are dusky but somewhat lighter than

the holotype's.

Distribution.—L. tepukapili is known
presently from two islands, Tepuka and Fu-

akea, in the Funafuti Atoll, Tuvalu. Limited

searches on the main atoll island of Fon-

gafale did not reveal any specimens.

Natural history.—McLean and Hosking

(1992) described the habitats of Funafuti

Atoll, and Tepuka's vegetation is almost en-

tirely a 'Coconut and Broadleaf Woodland.'

This mixed forest results from gardening

and regeneration, which create a medium
density coconut woodland harboring stands

and scattered individuals of broadleaf trees,

such as the wide ranging Pisonia, Cordia,

Calophyllum, Guettarda, Hernandia, Mor-
inda, Hibiscus, Terminalia, and Thespesia.

Of these, Pisonia and Hernandia are the

most common species. The understory in-

cludes Ficus and Pipturus scrub, and a

groundcover of ferns, e.g., Asplenium and

Nephrolepis. The smaller motu of Fuakea

contains only a few coconuts in a similar

mixture of broadleaf trees as on Tepuka.

L. tepukapili was found under loose bark

and in crevices, at one and two metres from

the ground on the trunks of living trees,

specifically Calophyllum inophyllum and

coconut. Search time was limited by other

bioinventory task, and we believe that L.

tepukapili probably occurs in a larger va-

riety of microhabitats and tree types.

Comparison to Other Group II Members

As noted in the Introduction, the three

species groups of Lepidodactylus are phe-

netically delimited. No study has tested the

monophyly of these groups or, for that mat-

ter, tested the monophyly of the taxon Lep-

idodactylus (Kluge [1968] provided a set of

diagnostic traits for this genus but did not

address monophyly.). These two tasks are

beyond the goals of our study; however, we
wish to examine briefly the phylogenetic re-

lationships of L. tepukapili.

Our assessment of relationships assumes

the monophyly of the guppyi complex

( = Group II Lepidodactylus). Tables 1 and

2 provide a summary of select mensural

and scalation characteristics of this com-

plex. Only three species (gardineri, guppyi,

vanuatuensis) are represent by reasonable,

yet statistically inadequate, samples of adult

specimens. Sexual dimorphism is a com-

mon attribute among geckos. All members

of the guppyi complex show this dimor-

phism in the presence of secreting precloa-

cal-femoral pores in adult males and their

absence in adult females. Otherwise there
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Table 1
.—Summary of selected mensural traits of adults of Group II Lepidodactylus species. Abbreviations

are defined in section I of Appendix. Medians and ranges are presented for adults; SVL is in millimeters,

proportions in percent; and sample size is in parentheses below specific name, females and males, respectively.

SVL

Head/SVL HeadW/SVL OrbD/HeadL Intorb/HeadL TrunkL/SVLTaxon Female Male CrusL/TrunkL

gardineri 49.7 49.7 23 11 30 32 44 27

(4,5) 47.5-50.0 43.1-50.1 22-24 9-12 29-31 29-36 44-46 24-33

guppyi 45.6 40.5 24 10 30 36 48 24

(3,4) 37.3-54.4 36.1-47.9 22-24 8-11 28-35 31-37 45-51 22-28

intermedius^ — 39.0 — — — — — —
(2, 1) ?-42

lombocensis^ 38.0 37.5 — — — — — —
(1, 1)

novaeguineae 38.2 38.6 24 10 32 32 48 24

(5,2) 35.8-39.0 38.3-38.9 23-25 8-12 30-33 29-36 44-51 21-24

paurolepis — 37.7 23 9 29 31 46 25

(0,3) 37.4_38.4 22-23 9-10 28-33 29-33 46^8 25-26

pulcher — 39.0 25 11 33 29 45 27

(0, 1)

shebae^ 36.0 — 25 17 30 — — —
(1,0)

tepukapili 41.1 43.5 24 12 31 32 43 29

(1,3) 43.1-50.3 23-25 11-12 28-33 30-33 42-49 26-29

vanuatuensis 44.2 35.3 24 10 30 31 47 24

(6,4) 40.0-46.5 33.0-39.2 22-25 8-12 27-34 29-33 44 50 21-28

Data from literature: ' Darevsky 1964; ^ Mertens 1929; ^ Brown & Tanner 1949.

is little commonality in the traits displaying in Table 1, but otherwise the data are me-

statistically significant (Student's t test, p < dians and ranges for all adult specimens

0.05) sexual dimorphism among these three (Tables 1, 2).

samples. Only one other character, ForefL In overall size, L. gardineri averages

displays sexual dimorphism in L. guppyi, larger than any other guppyi member (Table

five characters (Suplab, CloacS, HeadL/ 1) and appears to have equal-sized females

SVL, HeadW/SVL, OrbD/HeadL) in L. and males. L. guppyi and L. tepukapili are

gardineri, and seven characters (SVL, the next largest geckos of this group; fe-

TrunkL, HeadW, EyeEar, SnW, Inflab, males average larger in L. guppyi and pos-

HeadL/SVL) in L. vanuatuensis. The sam- sibly the reverse in L. tepukapili, but the

pie sizes are simply too small to decide small samples argue for caution for such an

whether these dimorphic differences are interpretation. Caution is re-enforced by the

real or a sampling bias. We provide body L. vanuatuensis sample with females nearly

size differences for both males and females as large as female L. guppyi yet with males

Table 2.—Comparison of the relative head dimension of adult Lepidodactylus gardineri and L. tepukapili.

Abbreviations are defined in section I of Appendix. Medians and ranges are presented for adults; proportions in

percent; and sample sizes are same as in Table 1

.

Taxon HeadL/SVL HeadH/SVL HeadH/HeadL EyeEar/HeadL NeckL/HeadL

gardineri 23 103 45 34 157

22-24 98-116 44^9 31-36 150-165

tepukapili 24 123 50 30 148

22-25 107-126 47-53 26-35 138-154
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Table 3.—Summary of selected scalation traits of adult Group II Lepidodactylus. Abbreviations are defined

in section I of Appendix. Median and ranges of the traits are presented when known; all values are for females

and males, except males only for CloacS and PoreRS; sample sizes are same as in Table 1.

Taxon IntorbS Suplab Midbody CloacS PoreRS PreclPore PreclP ForetL HindfL LamNL Web

gardineh 33 9 111 3 39 38 18 15 12 4 1

31-35 8-10 103-118 2-3 46^1 38^1 13-22 12-16 12-17 3^ 1-1

guppyi 35 9 115 2 42 41.5 14 13 10 3 2

33-37 8-11 110-133 0^ 39^4 33-43 12-15 11-15 9-12 2-4 1-2

intermedins^ — 10-11

(10)-^ (121)3 (2)3

— 24 — 9-10 10-12

(8)3

— 1

lombocensis-^ — 9-10

(11)-^ (110-112)-^ (1-2)3

— 20 — 10-11 12-14 —
(1)^

novaeguineae 35 9 118 2 18 16 16 12 11 2 2

32-39 8-10 108-125 2-2 15-19 13-19 14-19 10-12 10-13 2-3 2-3

paurolepis 32 10 100 1 31 26 12 14 13 3 2

31-32 10-11 99-110 1-2 30-33 25-29 11-13 11-14 12-16 3-3 1-1

pulcher 39 10 143 1 13 13 14 16 20 1 1

shebae'^ — 10 — — —
(30 or 32)3

— — 11 2-3 2

tepukapili 33 8.5 110 2 41.5 39 13.5 14.5 12 4 1

29-35 7-9 105-118 1-2 37-45 38-40 12-17 14-16 12-13 4^ 1-1

vanuatuensis 33 9.5 100 1 40 26 13.5 12.5 11.5 3 1

31-35 9-10 91-118 1-2 30-43 10^0 8-21 10-14 10-14 2^ 1-2

Data from literature: ' Darevsky 1964; - Mertens 1929; 3 Ota et al. 2000; ^ Brown & Tanner 1949.

averaging smaller than all other guppyi

group males or females (Table 1).

The standard head proportion traits (Ta-

ble 1) of Lepidodactylus systematics show
little difference among guppyi members;

however, the shorter relative trunk length

(TrunkL/SVL) and the longer relative crus

length (CrusL/TrunkL) differentiate L. gar-

dineri and L. tepukapili from the other gup-

pyi members. Although these latter two spe-

cies appear quite similar, several aspects of

head shape (Table 2) are different. L. te-

pukapili has a thicker head relative to both

body (HeadH/SVL) and head length

(HeadH/HeadL) than does L. gardineri.

This difference appears associated with a

somewhat shorter head (EyeEar/HeadL,
NeckL/HeadL; Table 2) in L. tepukapili.

These proportional differences in head
shape are not evident to the authors' eyes.

Discriminant function analyses (step-

wise, backward entry) of male and female

morphometric data show a strong differen-

tiation of L. gardineri and L. tepukapili in

multivariate space (Fig. 3). In the female

analysis, none of the thirteen characters

were eliminated in the final step, and clas-

sification attained 100% for the five taxa.

For males, the final step retained six char-

acters (SnEye, SnForel, SnW, NarEye,

OrbD, CrusL) and attained 100% classifi-

cation for all taxa except L. guppyi and L.

vanuatuensis (75% each). Neither the rela-

tive positioning of the taxa clusters nor the

classification accuracy should be weighed

too heavily in interpretation of relationships

owing to the small sample sizes of all taxa.

We note only that these data offer confir-

mation to our interpretation of speciation of

the Tuvalu population.

L. gardineri and L. tepukapili are similar

in scalation (Table 3) with the exception of

the pubic patch of enlarged scales, which is

larger and has more scales in L. gardineri.

In this trait, L. gardineri differs from all

other Group II members; all other members

are similar with the exception of L. novae-

guineae and its intermediate-sized patch.

Our impression is that L. gardineri and L.

tepukapili are more similar to one another
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Fig. 3. Discriminant functional analyses of morphometric characters of Group II Lepidodactylus, males (left)

and females (right). Each ellipse defines the 60% confidence limit. Species symbols are: gardineri, circle; guppyi,

square; novaeguineae, diamond (no confidence ellipse shown for males); paurolepis, triangle; pulcher, pentagon

(no confidence ellipse); tepukapili, star; vanuatuensis, star burst.

than either is to any other guppyi member.

This similarity and the uniquely shared in-

tense melanism of the oral cavity indicate

that these two taxa share a common ances-

tor. They also presently represent the deep-

est penetration of Oceania by the Group II

species. Their discovery in Tuvalu and the

persistence of large tracts of forest in Sa-

moa suggest that one of these taxa or a

close relative probably occurs there also.
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Appendix

I. Characters and analysis

Kluge (1967) defined a basic set of measurement

and scale counts for geckos and subsequently (Kluge

and Eckardt 1969) added additional characters and re-

defined some of the earlier ones. These characters and

their definitions have been largely adopted by other

herpetologists (e.g., Ota and Hikida 1989). We use a

subset of these characters and their definitions. Each

character and its abbreviation follow; we include a def-

inition only where we record the character differently

than the preceding researchers. Abbreviations follow

Zug (1998) for ease of recognition. All characters re-

ported for the right side.

Mensural characters.—Crus length: CrusL—
Length of tibia from knee to heel. Eye-ear length:

EyeEar. Head height: HeadH—Dorsoventral distance

from the top of head to the underside of the jaw at the

transverse plane intersecting the angle of jaws. Head
length: HeadL. Head width: HeadW—Straight-line

distance from left to right outer edge of jaw angles;

this distance does not measure the jaw musculature

broadening of the head. Interorbital width: Interorb—
Transverse distance between the anterodorsal corners

of left and right orbits. Nares-eye length: NarEye. Or-

bit diameter: OrbD—^Eye diameter or length of other

authors, although they measure anteroposterior axis

length of orbit. Snout-eye length: SnEye. Snout-fore-

limb length: SnForel. Snout-vent length: SVL. Snout

width: SnW—Internasal distance of other authors.

Trunk length: TrunkL—Body length or axilla-groin

length of others; distance between the posterior edge

of the forelimb insertion (axilla) to the anterior edge

of the hindlimb insertion (inguen).

Meristic characters.—Circumnasal scales:

CircNa—Number of scales abutting naris, exclusive

of rostral and first infralabial. Chin (secondary post-

mentals) scales: Chin—Number of scales transected

by straight line from left to right 3"*-4* infralabial su-

tures. Cloacal spurs: CloacS. Femoral pores: Fem-
Por—Number of pores perforating scales and secret-

ing. Forefoot lamellae (scansors): ForefL—Number of

4^'' digit lamellae; lamella is wider than deep and con-

tacts the marginal scales; fragmented proximal scales

are excluded. Hindfoot lamellae (scansors): HindfL—
As for ForefL. Infralabials: Inflab. Interorbital scales:

IntorbS. Lamellar notching, first: LamNF—The num-

ber of the first lamella divided or deeply notched on
4^'^ digit of hindfoot counting from terminal or ultimate

lamella. Lamellar notching, last: LamNL—The last di-

vided or notched lamellae, as in LamNF. Mental size:

Men—Width to height proportion; scored as for Ros.

Midbody scale rows: Midb. Naris-infralabial contact:

Nainf—Naris abuts or separated from first infralabial.

Naris-rostral contact: NaRos—Naris abuts or separated

from rostral by scale. Precloacal and femoral pore-

scales in contact: PoreC—Precloacal and femoral

scales bearing pores, separate or continuous. Pore row

scales: PoreRS—Number of enlarged scales in the

precloacal-femoral pore-scale row, whether or not the

scales contain pores. Postmental (primary) scales:

PosMen—Number of scales touching mental and in-

fralabials from left to right 3''^-4"' infralabial sutures.

Precloacal (preanal) pores: PreclPor—As for FemPor.

Precloacal scale patch: PrecIP—Number of scales as

large or larger than the scales bearing precloacal pores

and slightly larger than surrounding scales. Rostral

size: Ros—Width to height proportion: 1, W = H; 1.5,

W 1.5 times H; etc. in 0.5 intervals. Rostral cleft

(crease): RosC—Absence or presence of midline cleft

or crease. Snout scales: SnS—Number of scales be-

tween left and right nares and touching rostral. Sub-
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caudal scales: Subcaud—Size of the median subcau-

dal scales relative to the dorsal caudal scales; score as

for Ros. Supralabials: Suplab. Webbing: Web—Rel-

ative amount of webbing, four states: 0, none between

the 2"^ and 3'^'' digit of hindfoot; 1 , slight, basal Vi of
2nd digit's length; 2, moderate, V4 to ¥3; 3, strong, more

than ¥i.

Se.x and maturity.—Examination of the gonads re-

vealed sex and maturity. Females were considered ma-

ture when they possessed vitellogenic follicles, typi-

cally >1.5 mm diameter, oviducal eggs, or stretched

oviducts; males when the testes and epididymides were

enlarged, supplemented by the presence of secreting

precloacal or femoral pores.

Comments on characters.—Several researchers have

attempted to quantify digit shape and length, as well

as other traits. Although we support quantification be-

cause it permits statistical analysis and presumably re-

moves a degree of bias or subjectivity, many voucher

specimens are not carefully prepared resulting in bent

or folded specimens or parts thereof. Thus, we believe

that quantification of some characters implies a degree

of accuracy, which does not exist. Our selection of

mensural characters emphasizes those possessing ter-

mini ending on bone and along axes that have rigorous

bony struts reducing compression or bending. SnForel

and TrunkL, for example, are two useful measurements

but also two that can have significant variation result-

ing from poor preparation.

II. Specimens examined

Museum abbreviations follow Leviton et al. (1985).

Lepidodactylus gardineri Boulenger 1897 [type-local-

ity: "Rotuma, north of the Fiji Islands"]. Rotuma:

USNM 268142, 268145, 268147-48, 268151,

268153-54, 268156, 268161, 268169.

Lepidodactylus guppyi Boulenger 1884 ["Faro Is-

land"]. Solomon Islands: CAS 139650, 156114;

UMMZ 99966; USNM 120346, 120877-079,

313866.

Lepidodactylus novaeguineae Brown & Parker 1977

["Lake Sentani area. West Irian"]. Papua New
Guinea: CAS 11028-029, 12182, 89684; UMMZ
122450; USNM 112824-27, 119248.

Lepidodactylus paurolepis Ota, Fisher, Ineich & Case

1995 ["Ngerukewid Group (7°11'N, 134°16'E), Be-

lau islands"]. Palau: USNM 284400, 284402-403.

Lepidodactylus pulcher Boulenger 1885 ["Admiralty

Islands"]. Papua New Guinea: CAS 139832.

Lepidodactylus tepukapili new species. Tuvalu: USNM
531712-716.

Lepidodactylus vanuatuensis Ota, Fisher, Ineich, Case,

Radtkey & Zug 1998 [". . . Espiritu Santo Island

. . ."]. Vanuatu: USNM 323264-268, 334163,

334184-189.
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Ompok pinnatuSy a new species of silurid catfish (Teleostei:

Siluriformes: Siluridae) from mainland Southeast Asia

Heok Hee Ng

(HHN) Fish Division, Museum of Zoology, University of Michigan, 1109 Geddes Avenue,

Ann Arbor, Michigan 48109-1079, U.S.A.

Abstract.—A new species of silurid catfish, Ompok pinnatus, is described

from the Chao Phraya and Mekong River drainages in mainland Southeast Asia

(Indochina). It belongs to the O. eugeneiatus species group and closely resem-

bles O. eugeneiatus. Together with O. eugeneiatus, it can be distinguished from

all other congeners in having an extremely long dorsal fin (about one-fifth SL
vs. about one-tenth SL), and from all except O. eugeneiatus in having the

maxillary and mandibular barbels reaching beyond the base of the caudal fin

vs. not reaching that point. It can be distinguished from O. eugeneiatus in

having a longer dorsal fin, deeper caudal peduncle, shorter mandibular barbels

and fewer anal-fin rays.

The family Siluridae is one of the most

species-rich of Asian catfishes (Bornbusch,

1995), and yet little is understood of the

phylogenetic relationships within the fami-

ly. One such problematic group demonstrat-

ed to be paraphyletic by Bornbusch (1995)

is Ompok Lacepede, which are medium-
sized silurids usually found in lakes and

large rivers throughout South and Southeast

Asia. According to Bornbusch (1995), there

are four distinct clades within Ompok, viz.

O. bimaculatus group, O. leiacanthus

group, O. hypophthalmus group, and O. eu-

geneiatus group.

The O. eugeneiatus group currently in-

cludes two nominal species: Ompok euge-

neiatus (Vaillant, 1902) (described from

western Borneo) and O. sabanus Inger &
Chin, 1959 (described from northeastern

Borneo). While examining material identi-

fied as O. eugeneiatus from mainland
Southeast Asia (Indochina), differences

were observed between them and suppos-

edly conspecific material from Sumatra and

Borneo. These differences were found to be

significant enough to warrant the recogni-

tion of a separate Indochinese species,

which is described herein.

Materials and Methods

Measurements were made with a dial cal-

iper and data recorded to 0.1 mm. Counts

and measurements were made on the left

side of the specimens when possible. In ta-

bles and text, subunits of the head are pre-

sented as proportions of head length (HL).

Head length and measurements of body

parts are given as proportions of standard

length (SL).

The measurements and terminologies fol-

low largely those of Bornbusch (1991),

with the following exceptions: pelvic-fin

length is measured from the base to the tip

of the second (usually the longest) ray. Cau-

dal-fin length is the length of the first prin-

cipal (usually the longest) ray of the upper

lobe measured from the posterior margin of

the hypural complex. Head width is mea-

sured at the opercle (across its widest point)

but discounting any lateral projection of the

branchiostegal membranes. Head depth is

measured at the base of the occipital pro-

cess. Interorbital distance is determined at

the dorsalmost point (the narrowest dis-

tance) between the orbital margins. Insti-

tutional acronyms follow Leviton et al.



48 PROCEEDINGS OF THE BIOLOGICAL SOCIETY OF WASHINGTON

Fig. L
Chhnang.

Ompok pinnatus, holotype, UMMZ 232679,80.5 mm SL, Cambodia: Tonle Sap at Kompong

(1985) with the addition of CMK (collec-

tion of Maurice Kottelat, Cornol, Switzer-

land).

Comparative material.—Ompok euge-

neiatus: CMK 16344, 1 ex., 72.5 mm SL;

Borneo (Indonesia): Kalimantan Barat, Ka-

puas River drainage, Sungai Letang near

Kampung Kandung Suli. UMMZ 209881,

1 ex., 91.3 mm SL; Borneo (Indonesia):

Kalimantan Barat, Danau Piam near Ketun-

gau, 38 km NNE of Sintang. ZMA 1 13.097,

Table 1
.—Morphometric data for Ompok pinnatus.

In %SL
Head length 17.9-19.6

Head width 9.7-10.5

Head depth 11.7-13.4

Predorsal distance 26.1-28.5

Preanal length 31.9-35.3

Prepelvic length 28.9-33.2

Prepectoral length 17.9-20.0

Body depth at anus 19.7-23.4

Depth of caudal peduncle 5.0-6.0

Pectoral-spine length 11.2-13.1

Pectoral-fin length 18.0-20.9

Length of dorsal fin 21.1-24.2

Pelvic-fin length 4.2-6.1

Length of anal-fin base 66.5-69.9

Caudal-fin length 18.6-23.9

In %HL
Snout length 32.8-37.5

Interorbital distance 43.5^7.0

Eye diameter 21.7-25.8

Maxillary barbel length 425.2-505.3

Mandibular barbel length 495.4-613.3

1 ex., 104.8 mm SL; Sumatra: Taluk. ZMA
120.537, 1 ex., 100.2 mm SL; Sumatra (In-

donesia): Jambi, Batang Hari. ZRC 11819-

11820, 2 ex., 72.7-78.7 mm SL; Peninsular

Malaysia: Pahang, Tasek Chini. ZRC
30458, 1 ex., 92.8 mm SL; Peninsular Ma-
laysia: Pahang, Sungai Chini. ZRC 38803,

3 ex., 61.0-62.3 mm SL; Borneo (Indone-

sia): Kalimantan Barat, Kapuas River drain-

age, Danau Basuk, lake adjacent to Kapuas

immediately downriver of Jongkong. ZRC
39036, 2 ex., 82.7-84.5 mm SL; Sumatra

(Indonesia): Riau, Sungai Bengkwang, trib-

utary of Batang Kuantan (Indragiri River),

4 hours downstream of Rengat. ZRC
41678, 5 ex., 37.7-86.7; Sumatra (Indone-

sia): Jambi, from aquarium trade.

Ompok sabanus: FMNH 44828, 1 ex.,

holotype, 131.6 mm SL; FMNH 44829, 11

ex., paratypes, 101.6-117.8 mm SL; Bor-

neo (Malaysia): Sabah, Lahad Datu district,

Segama River at Segama Estate.

Ompok pinnatus, new species

Fig. 1

Ompok eugeneiatus.—Bornbusch, 1995: 44

(in part).

Ompok sp. cf. eugeneiatus.—Rainboth,

1996: 149; Lim et al., 1999: 383.

Holotype.—UMMZ 232679, 80.5 mm
SL; Cambodia: Tonle Sap at Kompong
Chhnang, fishing lot 9 in second channel E
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of town; W. J. Rainboth, C. Rotha & N. van

Zalinga, 27 Feb 1995.

Paratypes.—UMMZ 186749, 1 ex., 67.1

mm SL; Thailand: Maharaj province, Koh
Tong canal (tributary of Chao Phraya Riv-

er) 17.5 km N of Ayutthaya; A. Witt & S.

Tongsangah, 12 Aug- 12 Sep 1964. UMMZ
232375, 2 ex., 67.4-71.5 mm SL; Cambo-
dia: Kandal, Prek Ta Pov, 1 1 km S of

Phnom Penh; W. J. Rainboth, 2 Feb 1995.

Diagnosis.—Ompok pinnatus can be dis-

tinguished from congeners in uniquely hav-

ing the following combination of charac-

ters: greatly elongated dorsal fin (about

20%SL vs. 10-15%SL) and barbels (ex-

tending beyond caudal fin), head width 9.7-

10.5%SL, caudal peduncle depth 5.1-

6.0%SL, and 53-58 anal-fin rays.

Description.—Body and head laterally

com.pressed. Dorsal profile of body slightly

convex, descending gently from dorsal-fin

origin to snout tip, and again from the pos-

teriormost dorsal-fin ray to the caudal pe-

duncle. Anterior profile of snout rounded,

dorsal profile of nuchal region concave. An-

terior pair of nostrils tubular and located an-

teromedial to maxillary barbel base. Pos-

terior pair of nostrils bordered by fleshy

dorsal and ventral membranes and situated

posteromedial to maxillary barbel base.

Mouth terminal; gape oblique. Rictal

lobes narrowly continuous at rictus and

deeply subtended by submandibular

groove, with upper rictal lobe lacking skin

fold.

Teeth villiform. Dentary teeth in bands

that narrow posteriorly, teeth extending

from symphysis to near posterior end of

jaw; premaxillary teeth in broader bands,

teeth extending from symphysis to near

posterior end of jaw. Vomerine teeth in a

single crescentic band.

Maxillary barbels reaching base of cau-

dal peduncle when extended posteriorly.

Single pair of mandibular barbels present,

originating slightly anterolateral to gular

fold; barbels flattened for most of length,

reaching beyond tips of caudal fin when ex-

tended posteriorly.

Eyes small, subcutaneous; located in

middle of head; visible dorsally, and more
so ventrally.

Gill membranes separate and free from

isthmus. Anterior third of left and right

membranes overlapping. Branchiostegal

rays 9. Gill rakers short, anteriormost rakers

on lower first arch small and widely spaced;

4 on epibranchial and 16-18 on ceratobran-

chial.

Pectoral fin with convex distal margin

and 9-10 branched rays. Proximal two-

thirds of first pectoral-fin element ossified

into a spine without anterior and distal ser-

rae. Pectoral spine and articulated segments

of first pectoral-fin element sexually dimor-

phic in mature individuals. Pectoral spine

of males broad and somewhat flattened dor-

soventrally, dentated with 3-4 distinct pos-

terior serrae that increase in size distally;

proximal articulated segments with 4 well-

developed posterior serrae, decreasing in

size distally. Pectoral-fin spine in females

and juveniles more slender than in adult

males, without serrae on posterior edges of

either spine or articulated segments.

Pelvic fin with convex distal margin and

i,6 rays. Dorsal fin with pointed distal mar-

gin (first dorsal-fin ray longest), with i,3

rays; segments of first ray not ossified to

form spine. Anal fin with straight distal

margin and 53-58 rays; not confluent pos-

teriorly with caudal fin. Integument over

anal fin thickened proximally for slightly

more than half of ray lengths; fin-ray erec-

tor muscles extending along anterior edges

of anal-fin rays, ventralmost extent of mus-

cles same as that of thickened integument.

Caudal fin strongly forked; principal rays

i,7,7,i. Urogenital papillae of both sexes lo-

cated immediately posterior to insertion of

pelvic fins. Vertebrae 12 + 36 = 48, 11 +

38 = 49 or 12 + 37 = 49. Morphometric

data as in Table 1.

Color.—Head and body dark yellow,

with scattered melanophores on dorsal sur-

faces, flanks and thickened integument over

anal fin; ventral surfaces of head, breast and

belly with lighter covering of scattered me-
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lanophores. Faint black midlateral line var-

iably present, usually as series of scattered

melanophores broadening at base of caudal

peduncle to form dark roughly triangular

spot. Maxillary and mandibular barbels

dark yellow, with color gradually fading

distally. Fins hyaline, with small dark-

brown spots occasionally present.

Distribution.—Known only from the

Chao Phraya and Mekong River drainages

(in Thailand and Cambodia, respectively).

Etymology.—From the Latin pinnatus,

meaning feathered or plumed. In reference

to the very long dorsal fin and barbels of

this species. Used as a noun.

Remarks.—The O. eugeneiatus group is

characterised by the following combination

of characters (after Bornbusch 1995): (1)

cartilaginous plates supporting the mandib-

ular barbels enlarged, roughly circular in

shape, and each with a dorsolateral process

that contacts the dorsal edge of the anterior

ceratohyal; (2) anterior process of the hyo-

mandibular short and extending anterodor-

sally to or below the level of the cranial

facet; and (3) the presence of 4 dorsal-fin

rays. Bornbusch (1995) examined cleared

and stained material of O. pinnatus (which

he identified as O. eugeneiatus), and found

them to possess the characters above, thus

placing O. pinnatus within the O. eugeneia-

tus species group. In the following discus-

sion, detailed comparison of O. pinnatus

with congeners will be confined largely to

within the O. eugeneiatus group, which

contains only two other nominal species: O.

eugeneiatus and O. sabanus.

Ompok pinnatus differs from all conge-

ners in having a greatly elongated dorsal fin

(about 20%SL vs. 10-15%SL), and (except

for O. eugeneiatus) barbels (extending be-

yond caudal fin vs. not reaching that point).

It differs further from O. sabanus in having

a narrower head (9.7-10.5%SL vs. 10.8-

11.9).

Ompok pinnatus further differs from O.

eugeneiatus in having a deeper caudal pe-

duncle (5.1-6.0%SL vs. 3.9-4.8), shorter

mandibular barbels (495.4-613.3%HL vs.

638.5-849.4) and usually fewer anal-fin

rays (53-58 vs. 58-62).

Ompok eugeneiatus and O. pinnatus

share extremely long barbels extending be-

yond the caudal fin (vs. extending just be-

yond midway along body length in O. sa-

banus and other members of the Siluridae),

which is apparently derived within the O.

eugeneiatus species group. On the basis of

this unique derived character, O. pinnatus

and O. eugeneiatus are hypothesized to be

sister species. Given that O. pinnatus is re-

stricted to the Chao Phraya and Mekong
River drainages in mainland Southeast

Asia, whereas O. eugeneiatus is found only

in river drainages in central Sumatra and

western Borneo, this hypothesized relation-

ship conforms to the general biogeographic

pattern in Southeast Asian siluriforms in

which one sister species is found in main-

land Southeast Asia (Indochina) and the

other in Sundaic Southeast Asia (chiefly

Sumatra and Borneo). A model of the his-

torical biogeography of species with this

pattern of distribution has been proposed by

Bornbusch & Lundberg (1989), who hy-

pothesized that the post-Pleistocene isola-

tion of the North Sunda River system re-

sulted in speciation.
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Halidesmus socotraensis new species and Haliophis guttatus

(Forsskal), new records of congrogadine fishes from the Socotra

Archipelago (Perciformes: Pseudochromidae)
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Abstract.—Halidesmus socotraensis is described from six specimens, 39.6-

69.5 mm SL, from the Socotra Archipelago, western Indian Ocean. It is dis-

tinguished from all other congrogadine species in having the following com-

bination of characters: three lateral lines (dorsal, middle and ventral com-

plexes); ventral lateral line branched on abdomen, with unpaired median section

on ventral midline; and upper lateral line without anterodorsal branch on to

nape. Haliophis guttatus is also newly recorded from the Socotra Archipelago

on the basis of 15 specimens.

The Socotra Archipelago in the western

Indian Ocean at the entrance to the Gulf of

Aden consists of four main islands (Fig. 1).

The largest and most easterly island, So-

cotra, is located some 400 km south of the

Arabian Peninsula and 200 km east of Cape

Guardafui, the Horn of Africa. The other

islands are Abd al-Kuri in the west and the

two smaller southern islands of Samha and

Darsah, also known as "The Brothers".

The coastal fishes of the Socotra Archi-

pelago were poorly known until recently.

Steindachner (1902, 1903) pubhshed the

first study of fishes from Socotra, based on

material collected by the Austrian Expedi-

tion to Socotra and South Arabia in 1898-

1899. He listed 57 species of marine and

brackish-water fishes. The first detailed

study of the fish fauna was a sight survey

conducted by Kemp (1998), who provided

an account of 215 fish species and a prelim-

inary zoogeographical analysis.

In 1999 and 2000 the Senckenberg Re-

search Institute, Frankfurt, conducted the

Marine Habitat, Biodiversity and Fisheries

Surveys in the framework of the United Na-

tions Development Programme (UNDP)
Global Environment Facility funded project

"Conservation and Sustainable Use of Bio-

diversity of Socotra Archipelago," execut-

ed under the auspices of the Environmental

Protection Council of Yemen. During two

expeditions the second author collected

fishes at inter- and subtidal stations

throughout the archipelago. Among the col-

lections were several specimens of the

pseudochromid subfamily Congrogadinae,

a group of eel-like reef fishes commonly
called eel blennies or snakelets. The sub-

family was revised by Winterbottom (1986)

who recognised 19 species in eight genera

(one with two subgenera); four additional

species (and one new subgenus) have been

described subsequently (Winterbottom &
Randall 1994, Winterbottom 1996, Gill et

al. 2000). Among the collections from the

Socotra Archipelago, an additional new
species referable to the western-central In-

dian Ocean endemic genus Halidesmus

Giinther was discovered, and specimens of

the widely distributed western Indian Ocean

species Haliophis guttatus (Forsskal) were
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Fig. 1. Map of the Socotra Archipelago showing collection sites.

identified. The purposes of this paper are to

describe the new species and to document
the new record of H. guttatus from the So-

cotra Archipelago.

Materials and Methods

The nomenclature of cephalic laterosen-

sory pores follows Gill et al. (2000). Al-

phabetical codes for lateral lines in the new
Halidesmus generally follow Winterbottom

(1982), except that the structure of the ven-

tral lateral line necessitates the following

modifications (Fig. 2): the apparent homo-
log of line G in H. scapularis is represented

in H. socotraensis (and H. polytretus) by a

median anterior section (termed Gl) and a

bilaterally paired posterior section (termed

G2). Vertebral counts are presented in the

form precaudal + caudal; the latter are de-

fined as vertebrae bearing a haemal spine,

and include the terminal urostylar complex.

Terminology of ribs and intermuscular

bones follows Gill (1998). Other methods

of counting and measuring follow Winter-

bottom (1982). Institutional codes follow

Leviton et al. (1985), except for NHCY-F,
which is for the fish section of the Natural

History Collection of Yemen. Osteological

details were determined from x-radio-

graphs. In the description of the new spe-

cies, counts are given as values or value

ranges for all type specimens, followed,

where variation was noted, by values for

the holotype in parentheses. Where counts
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B + C

Fig. 2. Diagram of Halidesmus socotraensis in lateral and ventral views showing lateral-line systems and

lettering scheme.

were recorded bilaterally, both counts are

presented for the holotype, separated by a

slash; the first count given is the left count.

Ratios for morphometric characters and fre-

quency distributions for selected meristic

characters are given in Tables 1 and 2, re-

spectively. Comparisons with other Hali-

desmus species are based primarily on data

provided by Winterbottom (1982, 1986)

and Winterbottom & Randall (1994).

Halidesmus socotraensis, new species

Socotran Snakelet

Figs. 2-4, Tables 1-3

Holotype.—SM¥ 29223, 64.3 mm SL,

Socotra Archipelago, Abd al-Kuri Island,

SW coast, ca. 12°13'N 52°04'E, 6-15 m.

rotenone, U. Zajonz, F.N. Saeed, M. Apel

and E. Zandri, 4 April 2000 (station 709).

Paratypes.—Bymn 2002.1.19.3, 1, 63.3

mm SL, ROM 72697, 1, 60.0 mm SL, SMF
29293, 3, 39.6-69.5 mm SL, all collected

with holotype.

Diagnosis.—The following combination

of characters distinguishes H. socotraensis

from all other congrogadines: three lateral

lines (dorsal, middle and ventral complex-

es); ventral lateral line branched on abdo-

men, with unpaired median section on ven-

tral midline; and upper lateral line without

anterodorsal branch on to nape.

Description.—Data for morphometric

characters appear in Table 1

.

Dorsal fin I + 58-61 (I + 61), all seg-

Table 1 .—Morphometric values for Halidesmus socotraensis expressed as percentages of standard length (SL).

Holotype
64.3

Paratypes

mm SL 39.6 48.7 60.0 63.3 69.5

Soft dorsal-fin base 78.2 80.0 78.2 78.3 78.2 81.7

Anal-fin base 61.6 59.8 60.6 6L7 63.0 61.2

Snout to first dorsal 17.1 20.2 19.7 17.7 18.3 17.7

Snout to soft dorsal 19.8 22.5 22.2 19.2 19.6 20.1

Snout to anal origin 37.2 39.1 39.4 38.0 35.2 37.4

Head length 13.2 15.4 14.4 13.5 13.1 12.7

Depth at parietal 7.0 8.1 7.6 8.0 7.4 7.5

Depth at anal origin 7.9 8.8 8.8 8.7 8.5 7.5

Eye diameter 2.8 4.0 3.3 3.0 3.0 2.9

Snout length 2.8 3.3 2.9 2.8 3.0 3.2

Interorbital width 1.2 1.3 1.4 1.3 1.3 1.3

Upper jaw length 4.5 4.8 4.7 4.5 4.4 4.6

Lower jaw length 6.2 7.3 6.8 6.3 6.3 6.5

Pectoral length 5.6 5.1 4.9 4.7 5.1 9*

fin damaged.
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PlOP

AlOPx SOTP
NASP

LLP

DENP

POPP ATP

Fig. 3. Halidesmus socotraensis, holotype, SMF 29223, 64.3 mm SL; detail of head showing laterosensory

pores, scalation and preserved pigmentation details. Abbreviations: ATOP, anterior interorbital pore; AN, anterior

nostril; ATP, anterior temporal pore; DENP, dentary pores; ITP, intertemporal pore; LLP, lateral-line scale pores;

NASP, nasal pores; PARP, parietal pores; PIOP, posterior interorbital pore; PN, posterior nostril; POPP. preopercle

pores; POTP, posterior otic pore; PTP, posttemporal pore; SCLP, supracleithral pore; SOBP, suborbital pores;

SOTP, supraotic pore. Scale bar = 2 mm.

mented rays branched; anal fin 45-48 (48),

all rays branched; pectoral fins 9-10 (10/

10), upper 1-2 (2/1) and lower 0-2 (1/1)

rays unbranched, other rays branched; pel-

vic fin absent, though small rod-like pelvis

present internally; caudal fin with five dor-

sal and five ventral principal rays, and one

dorsal and one ventral procurrent rays;

branched caudal fin rays 5 + 4. Caudal fin

fully connected by membrane to last ray of

dorsal and anal fins. Vertebrae 17-18 + 46-

49 = 63-66 (17 + 49); ribs present on pre-

caudal vertebrae 3 through 4-5 (3 through

5); epineural bones present on precaudal

vertebrae 1 through 3-5? (1 through 3?;

bones difficult to distinguish on x-radio-

graphs); hypural 5 absent; hypurals 3-4

fused to one another and to urostylar com-
plex; hypurals 1-2 fused to one another

and, variably, to parhypural; epurals 1; su-

praneurals 2.

Cephalic sensory pore openings (Fig. 3;

all pores bilateral unless otherwise indicat-

ed): nasal two, one pore just posterior to

upper lip, second pore just above posterior

nostril; anterior interorbital usually one,

small second pore present unilaterally in

one paratype, about two-thirds distance

from typical anterior interorbital pore to

posterior nasal pore; median (unpaired)

posterior interorbital one, positioned above

or slightly behind vertical through posterior

edge of eye, additional posterior interorbital

pore present in one paratype, displaced lat-

erally in line with right side anterior inter-

orbital pore; supraotic one; posterior otic

usually one, two pores present unilaterally

in one paratype; suborbital usually eight.
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Fig. 4.

pelago.

Halidesmus socotraensis, holotype, SMF 29223, 64.3 mm SL, Abd al-Kuri Island, Socotra Archi-

nine unilaterally in one paratype; preoper-

cular seven; dentary usually four, three uni-

laterally in one paratype; intertemporal usu-

ally one, two unilaterally in two paratypes;

parietal two, canals from left and right side

of head not communicating in midline; an-

terior temporal one; posttemporal usually

one, two unilaterally in one paratype; su-

pracleithral one.

Gill membranes fused to one another

ventrally but free posteriorly from isthmus;

branchiostegal rays 6; outer (anterior) gill

rakers on first arch 2 + 6-7 (examined in

three largest paratypes only); pseudobranch

filaments 6-7 (examined in three largest

paratypes only). Lateral-line system com-

plex (Fig. 2), with pores on either dorsal or

ventral margins of lateral-line scales (or in

the case of median lateral lines, on either

left or right margins of lateral-lines scales):

line A absent; line B + C (bilateral) with

186-210 (210/206) pored scales, extending

from shoulder to beneath vertical through

base of segmented dorsal ray 49-54 (51/

51); line D (bilateral) with 177-205 (202/

197) pored scales, extending from just be-

hind upper edge of pectoral-fin base along

midside to or almost to caudal-fin base, not

connecting anteriorly with line B + C; line

E (median) with 6-12 (9) pored scales, ex-

tending from just beneath branchiostegal

membranes to vertical beneath pectoral-fin

base; line F (bilateral) with 78-90 (90/89)

pored scales, extending posterodorsally

from junction of lines E and Gl almost to

pectoral fin, then along lower part of ab-

domen to junction with line G2; line Gl
(median) with 59-63 (62) pored scales, ex-

tending from junction with lines E and F
along ventral edge of abdomen to just in

front of anus; line G2 (bilateral) with 10-

14 (11/14) pored scales, connecting poste-

rior terminus of line Gl with junction of

lines F and H; line H (bilateral) with 125-

152 (152/147) pored scales, extending from

junction of lines F and G2 along lower part

of body to vertical through base of anal ray

36-42 (41/42).

Olfactory capsule with two openings; an-

terior opening a short tube, positioned about

midway between posterior opening and edge

of lip; posterior opening with slightly raised

rim, positioned near anterodorsal rim of or-

bit (Fig. 3). Cheek, upper edge of operculum

(above horizontal through opercular spine)

and body with small cycloid scales, those on

upper part of operculum imbedded and in-

conspicuous; predorsal scales extending an-

teriorly to parietal commissure (Fig. 3).

Teeth in outer row of premaxilla and den-

tary conical, recurved anteriorly, decreasing

in size and becoming laterally compressed

posteriorly, numbering 11-12 in the pre-

maxilla and 13-15 in the dentary; single

row of small conical teeth present anteriorly

on premaxilla and dentary immediately be-

hind outer row teeth; vomer edentate; pal-

atine edentate.

Live coloration: Not recorded.

Preserved coloration (Figs. 3, 4): Head
and body dark brown, with indistinct to dis-

tinct paler mottling, which may align to

form diffuse bars or reticulations; lower

part of head and abdomen pale brown; dark

grey-brown stripe extending from midside

of lower lip through midside of upper lip to

mid-anterior edge of eye, then behind mid-

posterior edge of eye to upper edge of oper-

culum; dark grey-brown stripe edged ven-

trally with creamy white stripe; large pale-

edged, dark grey-brown spot on shoulder;

creamy white median stripe or series of
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spots extending from tip of upper lip to or-

igin of dorsal fin; dorsal fin dark greyish

brown with series of alternating small dark

grey-brown and pale brown spots on base

of fin, spots encroaching slightly on to

body; anal and caudal fins dark greyish

brown, sometimes with several pale brown

or dark grey-brown spots; pectoral fin pale

brown, with small dark grey-brown spot on

middle of fin base.

Comparisons.—The presence of three

lateral lines on the body (dorsal, middle and

ventral complexes) places the new species

in the genus Halidesmus. There are four

other species currently recognised in the ge-

nus (Winterbottom, 1982, 1986; Winterbot-

tom & Randall, 1994): H. scapularis Giin-

ther from South Africa; H. polytretus Win-

terbottom from Kenya; H. coccus Winter-

bottom & Randall from southern Oman;
and H. thomaseni (Nielsen) from Masirah

Island (southeastern Oman) to Karachi

(Pakistan) and the Bay of Bengal. Charac-

ters distinguishing the four species are sum-

marized in Table 3.

Halidesmus is divisible into two apparent

monophyletic groups, which are diagnosed

by characters that are uniquely derived

among pseudochromids. The first, which

consists of H. coccus and H. thomaseni, is

diagnosed by a single synapomorphy
(fleshy crest on the snout and interorbital

area). The other, which consists of H. so-

cotraensis, H. scapularis and H. polytretus,

is diagnosed by two synapomorphies (ven-

tral lateral line with complex branching on

abdomen; lateral-line pores opening to ei-

ther ventral or dorsal margins of scales).

Halidesmus socotraensis differs from H.

scapularis in the following features: pelvic

fins absent (versus pelvic-fin rays usually

1,2-3, fins rarely absent); lateral line A ab-

sent (versus present); lateral line D with

177-205 pores, not joining C (versus with

157-179 pores, joining C); lateral lines E
and G median (versus bilateral); medial pa-

rietal pores bilaterally paired (versus single

median pore); caudal, anal and dorsal fins

fully confluent (versus united near fin-ray

bases only); and total vertebrae 63-66 (ver-

sus 66-69).

Halidesmus socotraensis differs from H.

polytretus in the following: lateral line A
absent (versus present); pores in lateral line

D 177-205 (versus 204-216); cheek, nape

and opercular scales present (versus ab-

sent); preopercular pores 7 (versus 9); sub-

orbital pores 8-9, usually 8 (versus 11-13);

posterior interorbital pores usually 1, rarely

2 (versus 2); principal caudal fin rays 5 +
5 (versus 6 + 5); and gill rakers 2 + 6-7

(versus 1 + 5).

Relationships among H. socotraensis, H.

scapularis and H. polytretus are ambiguous.

The presence of lateral-line A is unique

among congrogadines to H. scapularis and

H. polytretus and suggests a sister relation-

ship between the two species. Conversely,

the presence of a median section of the low-

er lateral line is unique to H. polytretus and

H. socotraensis, and suggests relationship

between those two species. These relation-

ships will be tested in a forthcoming study

of the phytogeny and historical biogeogra-

phy of Halidesmus by the second author.

Habitat and distribution.—All known
specimens were collected at a single station

in a small enclosed bay on the SW coast of

Abd al-Kuri (Fig. 1, Sta. 709). The site is

characterised by highly diverse assemblag-

es of large massive and encrusting corals,

and an associated diverse fish community.

Etymology.—The specific epithet refers

to the known distribution of the species.

Haliophis guttatus (Forsskal)

Barred Snakelet

Fig. 5, Table 2

Haliophis guttatus is known from

throughout the Red Sea to the northern Gulf

of Aden, southern Oman, the east coast of

Africa between Kenya and Mozambique,

and the west coast of Madagascar (Winter-

bottom 1984, Winterbottom & Randall

1994). Fifteen specimens were collected by

the second author and associates in the So-

cotra Archipelago. The morphology of



58 PROCEEDINGS OF THE BIOLOGICAL SOCIETY OF WASHINGTON

Fig. 5. Haliophis guttatus, SMF 29198, 59.5 mm SL, Abd al-Kuri Island, Socotra Archipelago.

these specimens agrees well with published

descriptions of the species (e.g., Winterbot-

tom, 1984, 1986; Randall, 1995). Winter-

bottom (1984) noted that the species exhib-

its geographic variation in several meristic

and morphometric characters, which he in-

terpreted as a step cline, with the step oc-

curring between about 27°N and 20°N in

the northern Red Sea. Frequency distribu-

tions of counts relevant to this phenomenon
are provided for the Socotran specimens in

Table 2. Unfortunately, the specimens are

somewhat distorted and difficult to measure

accurately; therefore, we do not provide rel-

evant morphometric details. Generally, me-

ristic values agree well with data presented

by Winterbottom for specimens from the

southern Arabian area (central and southern

Red Sea and Gulf of Aden), except for

counts of precaudal vertebrae, which more

closely approached values for specimens

from Mozambique and Madagascar. How-
ever, sample sizes for many of the localities

reported by Winterbottom are small (often

five or fewer specimens).

Material—SM¥ 29224, 1: 64.8 mm SL,

Socotra Archipelago, Abd al-Kuri Island,

SW coast, ca. 12°13'N 52°04'E, 6-15 m,

rotenone, U. Zajonz, F.N. Saeed, M. Apel

and E. Zandri, 4 April 2000 (station 709);

SMF 29198, 7: 38.0-79.5 mm SL, NHCY-
F uncataloged, 7: 43.2-66.0 SL, Socotra

Archipelago, Abd al-Kuri Island, E coast,

Ras Anjara bay, ca. 12°10'N 52°22'E, 3-9

m, rotenone, U. Zajonz and M. Apel, 8

April 1999 (station 173).

Discussion

The fish surveys of 1999 and 2000 com-

prised 18 large sampling stations scattered

all around the Socotra Archipelago. Sam-
ples of congrogadine species were obtained

only at Abd al-Kuri, whereas pseudochrom-

ids of the subfamilies Pseudochrominae (six

species of Pseudochromis Riippell) and

Table 2.—Frequency distributions for selected meristic characters of Halidesmus socotraensis and Haliophis

guttatus from the Socotra Archipelago. Bilateral counts of pectoral rays are included.

Segmented dorsal rays Anal rays

43 44 // 58 59 60 61 34 35 36 // 45 46 47 48

socotraensis

guttatus 2 9 4

Pectoral rays

10 I 1

113 1 —

Total caudal rays

12 13 14 15 13

Precaudal vertebrae

14 18

socotraensis 4 8 — 6 — — —
guttatus 12 27 — — 4 11

Caudal vertebrae

13 2

Total vertebrae

36 37 II 46 47 48 49 49 50 51 II 63 64 65 66

socotraensis 1 3 2 1 2 3

guttatus 4 11 — 3 11 1
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Pseudoplesiopinae (two species of Chlid-

ichthys Smith) were collected from other is-

lands as well. It seems possible that Abd al-

Kuri receives a higher influx of pelagic

eggs and larvae from East Africa through

the Somali current compared to the other

islands, enriching the fish communities. In

particular along the south and east coasts

there are isolated biodiversity "hotspots,"

which may act like traps for recruits by pro-

viding shelter and suitable habitats (U. Za-

jonz, unpubl. data). Both sites where con-

grogadines were collected host particularly

rich fish and coral assemblages as com-

pared to other areas visited at Socotra. The

fish species compositions were exception-

ally rich, suggesting that there is limited

faunal exchange between these patches and

the wider archipelago, at least of closely

reef-associated species.
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Calocidaris micans (Cidaridae) and Pseudoboletia maculata

(Toxopneustidae): additions to the sea urchin fauna

(Echinodermata: Echinoidea) of the Gulf of Mexico
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(RLT) Department of Biological Sciences, Florida Institute of Technology, 150 West University

Boulevard, Melbourne, Florida 32901-6975, U.S.A., e-mail: rturner@fit.edu;

(BDG) Marine Resources, Inc., 7897 S. W. Jack James Drive, Suite A, Stuart, Florida 34997,
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Abstract.—Two sea urchins {Calocidaris micans, Pseudoboletia maculata)

were collected and photographed in the Gulf of Mexico between 1978 and

1998. These constitute new records for their distributions. Calocidaris micans

has been reported previously off the northwestern coast of Cuba, in the Yucatan

Channel, and off Barbados. One of our specimens was photographed and col-

lected in the northeastern Gulf of Mexico off Alabama at 100 m. Unpublished

museum holdings (USNM) add a second record off Louisiana at 129-144 m.

Pseudoboletia maculata is distributed in the Pacific Ocean from Ceylon to

Japan, in the South Atlantic only at Ascension and St. Helena islands, and in

the North Atlantic from Venezuela, Barbados, and off the Atlantic coast of the

United States from Florida to North Carolina. An unpublished document of a

federal agency reported this sea urchin from the western Gulf of Mexico. Our
collections and photographs from off Pensacola, Florida, at ca. 40 m depth

revealed that P. maculata occurs there in mixed-species aggregations with the

echinoid Lytechinus variegatus. These records bring the echinoid fauna of the

Gulf of Mexico to 61 species, only one of which is endemic and 39 of which

have West Indian-Caribbean distributions. Although these records probably are

not range extensions within recorded human history, they might represent a

post-glacial (re)invasion of the Gulf of Mexico within the last 9000 yr as

patchily distributed live-bottom biotopes at intermediate depths became avail-

able. These depths and biotopes—poorly sampled in the past—have become
more accessible for survey using current sampling technology.

In his review of the echinoid fauna of the ico proper: Cidaris abyssicola (Cidaridae),

Gulf of Mexico, Serafy (1979) listed 89 Araeolampas atlantica (Echinothuridae),

species, an increase of 23 species from and Pourtalesia miranda (Pourtalesiidae)

Clark's (1954) list. Serafy pointed out that are not marked as peripheral species, al-

many of Clark's species are not part of the though their distributions would make them

Gulf fauna proper but have been collected so by his criteria; Echinometra viridis is

only on its periphery, belonging instead to listed only as peripheral in his table 1 per-

faunas of the Caribbean, Bahamas, eastern haps by lapsus because Serafy recorded it

Florida, and the Florida Keys; Serafy 's list later in table 2 from several regions within

is annotated to reflect the species restricted the Gulf. Hulings's (1955) report of £. vir-

to adjacent waters. Apparent inconsisten- idis from the northwestern Gulf of Mexico
cies in Serafy's two tabulated lists give 53- confirmed the presence of this species, al-

57 species of echinoid in the Gulf of Mex- though Pomory (2002) does not list it from
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the Texas coast. If, then, some interpretation

is allowed, the known echinoid fauna of the

Gulf stands at 54 species based on Serafy

(1979), although numerous misidentifica-

tions reported by Turner & Norlund (1988)

are cause to question Gulf records of Bris-

sopsis elongata.

Defenbaugh (1976) identified specimens

of Echinocardium from the northern Gulf

of Mexico as the European species E. cor-

datum and E. flavescens rather than as E.

laevigaster reported by Clark (1954) and

Serafy (1979). Harry (1979) believed that

Defenbaugh's specimens were misidenti-

fied. Serafy (1979) did not Ust the toxo-

pneustid Pseudoboletia maculata, which

was recorded by Pawson (1978) from
southeastern Florida and listed and illus-

trated from the western Gulf of Mexico

(Texas A&M University 1981). The reanal-

ysis of Mellita quinquiesperforata by Har-

old & Telford (1990) resulted in its restric-

tion as a western Gulf species and in the

elevation of M. quinquiesperforata tenuis to

species in the eastern Gulf. Hopkins et al.

(1991) added Tretocidaris bartletti from the

northern Gulf off the coast of Alabama; this

species was one of Serafy 's (1979) periph-

eral species. Most recently, the record of

Cidaris abyssicola off the northern coast of

the Yucatan Peninsula by Barbosa-Ledesma

et al. (2000) places this echinoid well with-

in the boundaries of the Gulf; and these au-

thors also found Cidaris rugosa off the

western coast of the Yucatan Peninsula and

Stereocidaris ingolfiana off the northern

coast.

In the present report, we confirm Pseu-

doboletia maculata as a part of the Gulf

echinoid fauna with the find of a dense ag-

gregation off western Florida, and we add

Calocidaris micans from one specimen off

Alabama and a second off Louisiana. These

additions bring to 61 the echinoid species

recorded from the Gulf of Mexico.

Materials and Methods

Sea urchins were obtained for this study

from Continental Shelf Associates, Inc., Ju-

piter, Florida, U.S.A., under contract with

the U.S. Department of the Interior, Min-

erals Management Service {Calocidaris mi-

cans) (Continental Shelf Associates, Inc., &
Texas A&M University 2001) and with

Chevron U.S.A., Inc., New Orleans, Loui-

siana {Pseudoboletia maculata) (Continen-

tal Shelf Associates, Inc. 1996a, 1996b);

from the Texas Cooperative Wildlife Col-

lection of Texas A&M University (TAMU);
and from the National Museum of Natural

History (USNM) of the Smithsonian Insti-

tution. Details of collecting localities are

given under descriptions of the material.

Other records for the Western Atlantic

Ocean are based on holdings of USNM,
Museum of Comparative Zoology (MCZ)
of Harvard University, Harbor Branch
Oceanographic Museum (HBOM) of Har-

bor Branch Oceanographic Institution, Cal-

ifornia Academy of Sciences, and the Mu-
seum of Natural History (BMNH) in Lon-

don. In most cases, the specimens were ex-

amined by us.

Calocidaris micans was collected off

Louisiana, U.S.A., with the manipulator

arm of RA^ Johnson-Sea-Link I submersible

operated by HBOI in 1989. RA^ Edwin Link

served as the tender.

The R/V Tommy Munro served as the

tender during survey photography and

specimen collection of C micans off Ala-

bama, U.S.A., in 1998. Photographic data

and the voucher specimen were collected

using a Benthos® open frame SeaROVER
remotely operated vehicle (ROV) equipped

with color-imaging scanning sonar, manip-

ulator arm, video and 35-mm still cameras,

quartz-halogen lamps, and a strobe. The
Photosea® underwater still camera and

strobe were triggered manually by the on-

board scientist. The voucher specimen of C
micans was collected using the ROV ma-

nipulator arm.

Pseudoboletia maculata was photo-

graphed and collected from the East Flower

Garden Bank in the NW Gulf of Mexico by

Texas A&M University in 1978. The sub-

mersible DRV Diaphus was equipped with
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video and still cameras, a manipulator arm,

sediment scoop, and suction sampler (Texas

A&M University 1981).

The MA^ Mr. Offshore was used during

survey operations by Continental Shelf As-

sociates, Inc., off Pensacola, Florida,

U.S.A., in 1992 and 1993. Pseudoboletia

maculata was photographed from a towed

multicamera system with both video and

35-mm still cameras. Still photographs

were taken with a Benthos® 1000 under-

water camera and strobe. Specimens were

collected by a 7.5-m semi-balloon "mon-

goose" trawl.

Results

Order Cidaroida Claus, 1880

Family Cidaridae Gray, 1825

Genus Calocidaris H. L. Clark, 1907

Calocidaris micans (Mortensen, 1903)

(Figs. 1-2)

Porocidaris sharreri Agassiz, 1880:71

(part.).

Dorocidaris micans Mortensen, 1903:23

(original description), 28 (list).

Calocidaris micans: Mortensen, 1928:312-

314 (for complete synonymy, key, de-

scription), text-fig. 19-2.—Clark, 1954:

374 (list).—Fell, 1966:U333 (diagno-

sis).—Phelan, 1970:7-9 (key, descrip-

tion), text-fig. 2, pis. 2, 3.—Serafy, 1979:

10, 14, 109 (key, geographic and

bathymetric distributions).

Non-Calocidaris micans: Downey, 1968:62

(see note in Phelan 1970:16).

Material examined.—Gulf of Mexico:

USNM E47929, 1 spec, dry, 65/76 mm test

height/test diameter (TH/TD), R/V Edwin
Link, RA^ Johnson-Sea-Link I, dive 2585,

Green Canyon, off Louisiana, U.S.A.,

27°44'37"N, 91°7'54"W, 129-144 m, 5 Sep

1989; USNM 1002220, 1 spec, alcoholic,

58/73 mm TH/TD, R/V Tommy Munro and

remotely operated vehicle. Continental

Shelf Associates, Inc., job 1600, cruise 3,

site 4, sample 335, off Alabama, U.S.A.,

29°19'39"N, 87°46'7.8"W, 100 m, manipu-

lator arm, 28 Aug 1998.—Western Atlantic

Ocean: MCZ 283, 1 spec, dry, 41/58 mm
TH/TD, USCSS Blake, sta. 297, off Bar-

bados, 123 fm [225 m], 1879; USNM
10705, 1 spec, alcoholic, 28 mm TD, R/V
Albatross, sta. 2348, Straits of Florida, off

Havana, Cuba, 23°10'39"N, 82°20'21"W,

211 fm [386 m], 20 Jan 1885; USNM
10717, 2 spec, dry and alcoholic, 48 mm
TD (dry), 50 mm TD (alcoholic), R/V Al-

batross, sta. 2354, Yucatan Channel, off

Cozumel Island, Mexico, 20°59'30"N,

86°23'45"W, 130 fm [238 m], 22 Jan 1885;

MCZ 7720, 1 spec, dry, 41/58 mm TH/TD,
R/V Atlantis, sta. 3305, off Playa Baracoa,

Havana Province, Cuba, 330 fm [604 m],

23 Mar 1939; USNM E13068, 1 spec, dry,

77 mm TD, R/V Gerda, cruise 6433 (30th

biological cruise), sta. 388, NW corner of

Little Bahama Bank, Bahamas, 27°18'0"N,

79°12'0"W, 320 m, 19 Sep 1964; USNM
El 3069, 2 of 3 spec, diy, 53 and 70 mm
TD, R/V Gerda, cruise 6717, sta. 899, Ar-

rowsmith Bank, Yucatan Channel, off Yu-

catan Peninsula, Mexico, 20°57'0"N,

86°34'0"W, 40-165 m [one tag reads "102

m"], 10 Sep 1967; USNM E13025, 1 of 2

spec, dry, 56 mm TD, R/V Pillsbury,

cruise 6802, sta. 595, Arrowsmith Bank,

Yucatan Channel, off Yucatan Peninsula,

Mexico, 21°8'30"N, 86°27'0"W, 33-586 m,

15 Mar 1968; USNM E13067, 3+ spec,

dry, 17, 34, and 70 mm TD, R/V Pillsbury,

cruise 7001, sta. 1 141, off S coast of Great

Inagua Island, Bahamas [one tag reads

"Caribbean, nr. Haiti"], 20°52'0"N,

73°14'0"W, 403-458 m, 13 Jan 1970;

HBOM 72:307, 1 spec, dry, 37/46 mm TH/
TD, R/V Seward Johnson, cruise 118, R/V
Johnson-Sea-Link II, dive 579, W of Nas-

sau Harbor, New Providence, Bahamas,

25°7.rN, 77°26.1'W, 488 m, manipulator,

30 Mar 1981; HBOM 72:339, 1 spec, al-

coholic, 46/58 mm TH/TD, R/V Johnson-

Sea-Link I, dive 1306, off Wood Cay, N of

Grand Bahama Island, Bahamas, 274 m,

manipulator, 7 Dec 1982; USNM E32546,

1 spec, dry, 57 mm TD, R/V Seward John-

son, cruise 157, R/V Johnson-Sea-Link I,
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dive 1357, W of Wood Cay, Bahamas,

26°42'36"N, 79°r42"W, 244-309 m, 14 Jun

1983; USNM E32551, 1 spec, dry, 62 mm
TD, R/V Seward Johnson, cruise 157, R/V
Johnson-Sea-Link I, dive 1359, W of Wood
Cay, Bahamas, 26°42'48"N, 79°9'30"W,

618-624 m, 15 Jun 1983; USNM E32547,

1 spec, dry, 37 mm TD, R/V Seward John-

son, cruise 159, R/V Johnson-Sea-Link I,

dive 1498, French Bay, San Salvador Is-

land, Bahamas, 23°56'0"N, 74°32'54"W,

436-468 m, 21 Oct 1983; USNM E32550,

1 spec, dry, 50 mm TD, R/V Seward John-

son, cruise 159, R/V Johnson-Sea-Link I,

dive 1500, off Cockburn Town, San Sal-

vador Island, Bahamas, 24°2'48"N,

74°32'30"W, 1600 ft [488 m], 22 Oct 1983;

USNM E32548, 1 spec, dry, 34 mm TD,

R/V Seward Johnson, cruise 159, R/V
Johnson-Sea-Link I, dive 1506, Bonefish

Bay, San Salvador Island, Bahamas,
24°4'42"N, 74°33'6"W, 914 ft [279 m], 25

Oct 1983; USNM E32606, 1 spec, alco-

holic, 16 mm TD, R/V Seward Johnson,

cruise 161, R/V Johnson-Sea-Link II, dive

805, off Sandy Point, Great Abaco Island,

Bahamas, 25°36'12"N, 76°44'30"W, 473 m,

7 Apr 1984; USNM E32580, 1 spec, dry,

48 mm TD, R/V Seward Johnson, cruise

161, R/V Johnson-Sea-Link II, dive 807, S

of Rock Point, Great Abaco Island, Baha-

mas, 25°59'30"N, 77°24'6"W, 300 m, 8 Apr

1984; USNM E32511, 1 spec, dry, 73 mm
TD, R/V Seward Johnson, cruise 161, R/V
Johnson-Sea-Link II, dive 816, Chub Cay,

Berry Islands, Bahamas, 25°23'42"N,

77°54'30"W, 226 m, 14 Apr 1984; HBOM
72:505, 1 spec, dry, 24/34 mm TH/TD,
R/V Seward Johnson, R/V Johnson-Sea-

Link I, dive 2001, San Salvador Island, Ba-

hamas, 24°13.6'N, 74°29.5'W, 572 m, ma-

nipulator, 21 Apr 1987; HBOM 72:498, 1

spec, dry, 43/54 mm TH/TD, R/V Seward

Johnson, R/V Johnson-Sea-Link I, dive

2007, San Salvador Island, Bahamas,
23°0.7'N, 74°33.0'W, 263 m, manipulator,

24 Apr 1987; HBOM 72:743, 1 spec, dry,

48/63 mm TH/TD, R/V Seward Johnson,

R/V Johnson-Sea-Link II, dive 1738, 2.46

nm off Needham's Point, bearing 044°, Bar-

bados, 200-207 m, manipulator, 20 Apr
1989.

Other sources.—In addition to specimens

examined by us, we have relied on station

data for Calocidaris micans deposited in

California Academy of Sciences, HBOM,
and BMNH.

Descriptions of stations and material.—
The specimen of C. micans (USNM
E47929) taken off the coast of Louisiana at

129-144 m depth was collected by sub-

mersible. The following description of the

site is based on notes written by S. D.

Cairns (in litt.) during the dive. Bottom

temperature was 17°C. The site was a ridge

oriented from northwest to southeast with a

slope of 45° at least on one side. The slope

was partly composed of large, flat, imbri-

cated, calcareous slabs that Cairns com-

pared to plates of deep-reef Agaricia. The

substratum consisted also of gravel and of

rocks of various sizes and shapes. A variety

of scleractinian and antipatharian corals

were observed or collected (Cairns et al.

1993), including a new species of black

coral (Opresko & Cairns 1992). Other ma-

terial collected were three slit shells, anoth-

er unspecified gastropod, and a crinoid; col-

lection of C. micans was not mentioned in

Cairns's field notes.

The specimen at hand had a test diameter

(TD) of 76 mm and a test height (TH) of

65 mm, giving the test a high globose shape

(TH:TD = 0.86) typical of C. micans. All

primary spines above the ambitus were bro-

ken except one (137 mm long; =1.8 TD);

Phelan (1970) reported that primary spines

of C. micans can be up to 3 TD, although

more commonly they are up to 1.5 TD. In

addition to morphology of the test and ped-

icellariae (Mortensen 1928, Phelan 1970),

all primary spines had the smooth porce-

laneous surface (Fig. IB, C) that is unique

to this species (Phelan 1970). The spines

were free of epizoics. Although cidaroid

spines are known to harbor epizoics (Hy-

man 1955), the spines of most C. micans
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Fig. 1. Calocidaris micans. A. USNM 1002220 on ledge at collection site off Alabama, with a colony of

the hard coral Madrepora Carolina to left, the hard coral Madracis myriaster to the upper left, two unidentified

comatulid crinoids to the right, several individuals of the black ahermatypic coral Rhizopsammia manuelensis,

and the seastar Chaetaster nodosus at the bottom; note epizoics on some of the primary spines of the echinoid;

courtesy of Continental Shelf Associates, Jupiter, Florida. B. USNM E47929, showing long, terete, smooth

primary spines on ambitus and near apex of test. C. USNM 1002220, oral surface, showing smooth oral primary

spines (arrows).
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examined by us were rarely covered with

epizoics.

The specimen of C. micans (USNM
1002220) was photographed and collected

off Alabama, U.S.A., at 100 m depth on a

high-relief (>2 m) hard-bottom feature de-

scribed by Ludwick & Walton (1957) as a

trend of discontinuous reef-like pinnacles

located near the edge of the continental

shelf between the Mississippi River delta

and DeSoto Canyon. The sampling site was

the apex of a relatively large ridge gradu-

ally sloping to the west-southwest and to

the north. Visually and numerically domi-

nant taxa at the site were hard corals {Rhi-

zopsammia manuelensis, Madracis myrias-

ter, Madrepora Carolina), soft corals {Cten-

ocella (Ellisella) spp., Micella spp.], anti-

patharians (Antipathes spp.), crinoids,

basketstars, and various unidentified aher-

matypic hard corals.

The in-situ photograph (Fig. lA) of the

specimen at hand showed it on a ledge that

was lightly coated with sediment. Associ-

ated fauna visible in the photograph were a

variety of anthozoans, crinoids, a seastar,

and a galatheid crab. Most primary spines

at and above the ambitus were broken, and

little additional damage was inflicted upon

collection of the specimen. The animal in

life had pale yellow interambulacra and pal-

er ambulacra, scrobicular spines, and regen-

erating primary spines. The primary spines

otherwise were medium brown, much dark-

er basally, and largely unhanded. Many pri-

mary spines of the live specimen exhibited

a fuzzy coating, presumably of epizoics; but

the only obvious epizoics on the alcoholic

specimen were occasional patches of the fo-

raminiferan Homotrema rubra. Among oth-

er C. micans examined, one specimen from

Barbados (HBOM 72:743) had spines with

barnacles and tubicolous polychaetes. The

test of the specimen from Alabama was glo-

bose (TH:TD = 0.79).

Remarks.—Calocidaris micans was first

collected off Barbados (Fig. 2) at 225 m
depth by USCSS Blake in 1879 and was one

of three specimens in Agassiz's (1880) type

material of Porocidaris sharreri. [It was not

collected again off Barbados for 1 10 yr when
one specimen (HBOM 72:743) was collected

by T Askew at a depth of 200-207 m.] In

1885, RA^ Albatross took two specimens

each from the Straits of Florida (337-386 m)
and the Yucatan Channel (238 m). One spec-

imen from the Straits of Florida (NHM
1898.5.3.583) is Mortensen's (1903) holotype

of Dorocidaris micans. It was in his report

on echinoids of the Danish Ingolf Expedition

that Mortensen (1903) pointed out Agassiz's

(1880) error. Clark (1907:211) erected Calo-

cidaris for D. micans, naming it presumably

because it was "the most beautiful echinoid

I have ever seen," an evaluation with which

Mortensen (1910) later concurred. Clark

(1907) characterized his new genus partly by

the smooth, highly polished, porcelain-like

primary spines (Fig. IB) and by the absence

of serrations (spinules) even on the oral pri-

maries (Fig. IC). Phelan (1970) viewed the

morphology of the primary spines as diag-

nostic of Calocidaris, pointing out that all

other cidaroids have serrations on at least

some primaries. Although Clark (1925) later

synonymized his Calocidaris with Cidaris,

Mortensen (1928) retained Calocidaris, as

have echinoid systematists since then. The

genus remained monotypic and Recent until

Cutress (1980) described Calocidaris palmeri

from the Middle Miocene of Cuba; Cutress

(1980) considered C micans to have de-

scended directly from C palmeri in a process

paralleled in Cidaris and Tretocidaris. For

decades, the few specimens of C micans

were known only from the Greater and Less-

er Antilles.

The cruises of R/V Gerda and Pillsbury

in 1964-1970 collected more specimens

from the Yucatan Channel (33-586 m) but

added the Bahamas (320-458 m) to its dis-

tribution (Fig. 2). Many Bahamian speci-

mens were collected during cruises of R/V
Seward Johnson and R/V Edwin Link using

the Johnson-Sea-Link submersibles in

1981-1998 at depths of 226-624 m. Not

until 1989, 1 10 yr after its original discov-

ery off Barbados, was C micans taken from
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Fig. 2. Distribution of Calocidaris micans based on museum records and literature. Each plot might represent

multiple nearby records.

the Gulf of Mexico, off Louisiana at a depth

of 129-144 m. The second Gulf specimen

was photographed in situ (Fig. lA) and col-

lected in 1998 off Alabama at 100 m. Both

specimens were from the northern Gulf of

Mexico, well within Serafy's (1979) criteria

for inclusion; they are among the largest

(73 and 76 mm TD) known specimens of

C. micans and from among the shallowest

stations (<150 m).

Order Temnopleuroida Mortensen, 1942

Family Toxopneustidae Troschel, 1872

Genus Pseudoboletia Troschel, 1869

Pseudoboletia maculata Troschel, 1869

(Figs. 3-5)

Pseudoboletia maculata Troschel, 1869:96

(original description).

Pseudoboletia atlantica Clark, 1912:344

(original description), 345 (key).

Pseudoboletia occidentalis Clark, 1921:

115-118, pi. II (original description).

Pseudoboletia maculata: Mortensen, 1943:

528 (key), 532-534 (for complete syn-

onymy, description), pi. XLII, figs. 4, 5;

pi. LV, figs. 2, 5, 6, 16, 17, 21.—Pawson,

1978:3-5 (hsted), 7 (description), 17-20

(description).—Continental Shelf Asso-

ciates, Inc., 1979 (station data).—Texas

A&M University, 1981:99 (ecology, sta-

tion data), fig. X-10 (in situ), table X-C-

29 (listed).—Duke University Marine

Laboratory, 1982:tables 5.9, 5.13, Ap-

pendix 20 (listed).—Rowe & Gates,

1995:258 (systematics, distribution).

—

Continental Shelf Associates, Inc.,

1996a: 148 (ecology).—Continental Shelf
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Associates, Inc., 1996b: 15, 17 (ecology),

table 1 (listed), pi. B-12.

Pseudoboletia atlantica: Mortensen, 1943:

528 (key), 534-538 (synonymy, descrip-

tion), pi. XXXII, figs. 1-5; pi. XXXIX,
fig. 6; pi. XL, fig. 6; pi. XLII, figs. 1-3;

pi. XLIII, figs. 1, 2; pi. XLIV, fig. 1; pi.

LV, figs. 1, 3, 19, 20.

Pseudoboletia occidentalis: Mortensen,

1943:528 (key); 538-540 (synonymy, de-

scription).

ILytechinus variegatus: Continental Shelf

Associates, Inc., 1996a:table 5.4 (part.,

fisted).

Material examined.—Gulf of Mexico:

TAMU 3-1809, 1 spec, alcoholic, 27/51

mm test height/test diameter (TH/TD),

DRV Diaphus, cruise 78-G9-D5, dive 5

[night dive], submersible. East Flower Gar-

den, 27°53'N, 93°38'W, 160-190' [49-58

m], 30 Oct 1978 [one tag reads "9/30/78"];

USNM 1002222, 1 spec, dry, 34/66 mm
TH/TD, M/V Mr. Offshore, Continental

Shelf Associates, Inc., job 1390.3 for Chev-

ron, Destin Dome Unit, survey 2, trawl 22,

off Pensacola, Florida, U.S.A., 29°59'N,

87°11'W, 112' [34 m], 9 Oct 1992; USNM
1002298, 2 spec, dry, 29/58 & 32/65 mm
TH/TD, MA^ Mr. Offshore, Continental

Shelf Associates, Inc., job 1390.3 for Chev-

ron, Destin Dome Unit, survey 2, trawl 22,

off Pensacola, Florida, U.S.A., 29°59'N,

87°11'W, 112' [34 m], 9 Oct 1992; USNM
1002299, 1 spec, alcohoHc, 42/81 mm TH/
TD, M/V Mr. Offshore, Continental Shelf

Associates, Inc., job 1390.5 for Chevron,

Destin Dome Unit, survey 4, trawl 43, sam-

ple QSA 2, off Pensacola, Florida, U.S.A.,

29°56.25'N, 87°14.3'W, 126' [38 m], 18

Apr 1993.—Other Atlantic sites: USNM
E4531, 1 spec, [holotype of Pseudoboletia

occidentalis Clark, 1921], dry, 28/54 mm
TH/TD, State University of Iowa Barbados-

Antigua Expedition, 1918, off Barbados,

30-100 fm [55-183 m], 1918; MCZ 7583,

2 spec, dry, 32/70 & 43/94 mm TH/TD,
coll. T. Mortensen, off St. Helena, ca.

15°58'12"S, 5°46'36"W [our estimate from

Mortensen (1933)], 50 m, Feb 1930;

USNM E5953, 1 spec, dry, 42/89 mm TH/
TD, coll. T Mortensen, off St. Helena, ca.

15°58'12"S. 5°46'36"W [our estimate from

Mortensen (1933)], 20 m, Feb 1930;

USNM E12353, 4 spec, dry, 31/63-39/79

mm TH/TD, R/V Pillsbury, cruise 6806,

sta. 736, off Venezuela, 10°57'0"N,

65°52'0"W, 38-85 fm [69-155 m], 22 Jul

1968; USNM E16096, 1 spec, dry

[crushed], coll. by "FM. for A. Love-

ridge," James Bay, St. Helena, 14 Aug
1968; USNM El 1732, 1 spec, dry, 39/82

mm TH/TD, coll. by "FM. for A. Love-

ridge," wreck of Papanui, James Bay, St.

Helena, 1 Feb 1969; USNM E20593, 1

spec, dry, 5.8/12 mm TH/TD, R/V Pills-

bury, cruise 6901 , sta. 878, east of St. Vin-

cent, St. Vincent and the Grenadines [other

tags read "off of Saint Lucia" and "off

Windward Is"], 13°11'18"N, 61°6'30"W,

37-40 m, 6 Jul 1969; USNM E16204, 1

spec, dry, 39/85 mm TH/TD, coll. Rick

Guest, off Hillsboro Beach, Florida, U.S.A.,

70' [21 m], 7 Mar 1974; USNM E16202, 1

spec, dry, 30/60 mm TH/TD, coll. R.

Guest, off Hollywood, Florida, U.S.A., 65'

[20 m], spring 1974; USNM E16203, 1

spec, dry, 33/74 mm TH/TD, coll. R.

Guest, off Hollywood, Florida, U.S.A., 65'

[20 m], 6 May 1974; USNM El 6246, 2

spec. [1 crushed], 33/75 mm TH/TD, coll.

M. Telford, Carfisle Bay, Barbados, 40' [12

m], 1976; HBOM 72:278, 1 spec, dry, 34/

74 mm TH/TD, Continental Shelf Associ-

ates, Inc., sta. James Island-380, sample

14A-a, Charleston, South Carolina, U.S.A.,

from 32°34.9'N, 78°34.8'W to 32°35.2'N,

78°35.0'W, 53 m, biological dredge, 2 Oct

1978; USNM E29871, 1 spec, dry, 35/75

mm TH/TD, R/V Dan Moore, Living Ma-
rine Resources Study, sta. OS05 (field no.

818118), off North Carolina, U.S.A.,

33°48'42"N, 76°34'12"W, 102 m, trawl, 14

May 1981; USNM E32267, 2 spec, alco-

holic, 73 & 74 mm TD, R/V Dan Moore,

Living Marine Resources Study, sta. OS05
(field no. 818169), off North Carolina,

U.S.A., 33°49'0"N, 79°34'0"W, 69 m [one
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tag reads "33°49.1' 76°34.0' 66 m"], trawl,

10 Aug 1981; USNM E29626, 1 spec, al-

coholic, 68 mm TD, RA^ Dan Moore, Liv-

ing Marine Resources Study, sta. OS05
(field no. 818171), off North Carohna,

U.S.A., 33°49'30"N, 76°34'0"W, 63 m,

trawl, 11 Aug 1981; USNM E30528, 7

spec. [1 crushed], alcoholic, 66-85 mm TD,

RA^ Dan Moore, Living Marine Resources

Study, sta. OS05 (field no. 818179), off

North Carolina, U.S.A., 33°49'24"N,

76°33'24"W, 68 m, trawl [W. W. Kirby-

Smith, in litt.; but museum records indicate

"Smith-Maclntyre grab"], 11 Aug 1981.

Other sources.—In addition to specimens

examined by us, we have relied on station

data for other Pseudoboletia maculata de-

posited in BMNH and HBOM.
Descriptions of stations and material.—

Pseudoboletia maculata were photographed

on and collected from the NW rim of

DeSoto Canyon off Pensacola, Florida, in

1992-1993 on a soft substratum that sup-

ported a biotal assemblage referred to as a

"sand bottom algal community" (Conti-

nental Shelf Associates, Inc. 1996a, 1996b).

The sand bottom algal community was vi-

sually dominated by calcareous red algae

(Corallinaceae and Peyssonnelia inamoena)

and closely associated with coarse substra-

tum consisting of coralline algal rubble,

shell debris, and coarse sand. The substra-

tum supporting the sand bottom algal com-

munity produced a relatively strong acous-

tic side-scan sonar reflection, indicating a

coarse grain size and relatively high shell

content (Marine Technical Services, Inc.

1985; John E. Chance & Associates 1991a,

1991b, 1992).

The presence of abundant algae on the

sand substratum in water depths of approx-

imately 30-55 m supported relatively dense

aggregations of grazing echinoids {Astro-

pyga magnifica, Eucidaris tribuloides, Ly-

techinus variegatus, P. maculata, Styloci-

daris affinis). Pseudoboletia maculata was
only observed in mixed-species aggrega-

tions with the echinoids Lytechinus varie-

gatus and Eucidaris tribuloides (Fig. 3A).

Other biota observed and collected with P.

maculata included the free-living hard coral

Oculina tenella, the scallop Pecten rave-

nelli, and rock shrimp Sicyonia brevirostris.

The algal density within the area exhibited

high variability (Continental Shelf Associ-

ates, Inc. 1996a) probably due to seasonal

changes in light or temperature in combi-

nation with other oceanographic conditions.

Peyssonnelia inamoena, the dominant alga

closely associated with the presence of P.

maculata, has been observed to vary sea-

sonally in density in other areas where it is

found (Schneider 1976).

Eight non-overlapping photographs

showed 1-18 P. maculata per frame, with

occasional Eucidaris tribuloides and possi-

ble L. variegatus (Fig. 3A). Many P. ma-

culata had debris on their tests. Maculae

were not visible in the photographs, but the

large size and low hemispherical shape of

most of the urchins distinguished them as

P. maculata rather than L. variegatus.

Many of the P. maculata were clumped,

sometimes with spines in contact with

neighbor's spines; but, elsewhere, animals

were several test diameters apart.

Four Pseudoboletia maculata, test di-

ameters 58—81 mm, were collected at two

stations 5 nm apart in a sand bottom algal

community. The specimens were mixed

with Eytechinus variegatus (USNM
1002300 and 1002301), which has a pro-

portionately higher test than P. maculata

(Fig. 4). Only one of the four specimens

had maculae (Fig. 3B), which occurred in

three cycles: one cycle of pigmented spots

subapical in the interambulacra; two cycles

of spots, one just above and one just below

the ambitus, each cycle consisting of five

large interambulacral and five small ambu-

lacral maculae. Each macula was formed by

a group of primary and secondary spines,

most primary spines dark brown basally,

fading to pale green medially and white dis-

tally. Otherwise, the spines and test were

white. Our observations of spine coloration

agree with those of Koehler (1908), Mor-

tensen (1943), and Pawson (1978).
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Fig. 3. Pseudoboletia maculata. A. Photograph of collection site off Pensacola, Florida, showing an aggre-

gation of P. maculata with two possible Lytechinus variegatus (arrowheads; based on size and shape) and two

Eucidaris tribuloides (arrows); courtesy of Continental Shelf Associates, Jupiter, Florida. B. USNM 1002299,

specimen from off Pensacola, Florida, showing maculae. C. USNM 1002222, specimen from off Pensacola,

Florida, showing pore pairs in arcs of four and spination of plates in the buccal membrane.

In addition to the material off Florida,

one specimen (TAMU 3-1809) of P. ma-

culata was collected by T. J. Bright in 1978

on a night submersible dive at 49-58 m on

the western side of East Flower Garden

Bank, a salt dome in the western Gulf of

Mexico. The cidaroid Stylocidaris affinis

was the only other echinoid recorded from

the dive (Texas A&M University 1981).

Submersible observations revealed high

densities of P. maculata, Arbacia punctu-

lata, and the asteroid Linckia nodosa at 46—

76 m, and one photograph taken in 1979 of

the sea floor showed 46-50 P. maculata on
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Fig. 4. Test dimensions for three species of toxopneustid echinoid. Data for Pseudoboletia maculata are

from our material examined, Clark (1925), and Koehler (1908). Data for Tripneustes ventricosus are from

Mortensen (1943). The line plots Serafy's (1979) equation for Lytechinus variegatus using test diameters of his

smallest and largest specimens.

a "nodule-covered bottom" at 59 m depth

(Texas A&M University 1981). Many of

the sea urchins in the photograph held de-

bris on their tests, and spines of most were

in contact with those of neighboring ur-

chins. Based on test diameter (51 mm) of

specimen TAMU 3-1809, the density of the

aggregation was up to 300 m^. Maculae

were not visible on P. maculata in the pho-

tograph nor on the specimen at hand.

Although the presence of maculae is not

a reliable character in Pseudoboletia ma-
culata from the Atlantic Ocean (Mortensen

1943, Pawson 1978), other characters read-

ily distinguish this species from other com-
mon toxopneustids, viz., Lytechinus varie-

gatus and Tripneustes ventricosus. The test

has a low, hemispherical, subpentagonal

shape, with the ratio of test height (TH) to

test diameter (TD) generally <0.50 (Fig. 4)

in contrast to the higher dome-shaped test

of L. variegatus (Serafy 1979) and even

more depressed than the test of the similar

T. ventricosus, at least in the range TD =

50-90 mm. Pseudoboletia is the only toxo-

pneustid genus bearing spinelets on the

buccal plates and other ossicles of the buc-

cal membrane (Fig. 3C); Mortensen (1943)

described this condition as a "bearded ap-

pearance." The compound plates of the am-

bulacral series are trigeminate (three pore-

pairs) in Lytechinus and Tripneustes and
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Fig. 5. Distribution of Pseudoboletia maculata in the Atlantic Ocean and adjacent waters based on museum
records and literature. Each plot might represent multiple nearby records. Inset shows records for Ascension

Island and St Helena in the South Atlantic Ocean.

polyporous (four or five pore pairs) in

Pseudoboletia (Fig. 3C); and the compound
plates bear one primary tubercle and spine

each in Lytechinus and Pseudoboletia but

one primary spine only every three or four

compound plates in Tripneustes (Mortensen

1943, Serafy 1979).

Remarks.—Pseudoboletia maculata (s.s.)

has a far broader distribution (Fig. 5) than

does Calocidaris micans (Fig. 2) and is al-

most pantropical, absent only from the east-

ern tropical Pacific Ocean. Mortensen

(1943) recognized four species of Pseudo-

boletia: P. atlantica Clark, 1912 (S Atlantic

Ocean), P. indiana (Michelin, 1862) (Mad-

agascar to Hawaii), P. maculata Troschel,

1869 (Ceylon to Philippines), P. occiden-

talis Clark, 1921 (West Indies). Pawson

(1978) included all Atlantic specimens in P.

maculata, designated P. occidentalis as a

junior synonym, and recognized two sub-

species based on the number of pore pairs

in each ambulacral arc: P. maculata atlan-

tica Clark, 1912 (five pore pairs, S Atlan-

tic), P. maculata maculata Troschel, 1869

(four pore pairs, West Indies). More re-

cently, Liao & Clark (1995) synonymized

P. maculata with P. indiana, effectively

rendering Pseudoboletia monotypic; but

they did not address the taxonomy of the

genus in the Atlantic basin, and others

(Rowe & Gates 1995, Lane et al. 2000,

Liao 2001) have retained the distinction be-

tween species. For their lack of comprehen-

sive treatment, we reject the synonymy of

Liao & Clark (1995) and tentatively adopt

that of Pawson (1978), assigning material

from the Gulf of Mexico to P. maculata
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maculata because of the presence of four

pore pairs per arc (Fig. 3C). The genus

must, however, be re-evaluated, particularly

with the application of molecular tech-

niques, some of which have already been

applied to animals from the western Pacific

Ocean (Matsuoka 1985, 1986, 1987; Yosh-

ino et al. 1989).

Pseudoboletia maculata has long been

known from the Indian and Pacific oceans

(Mortensen 1943), sometimes in commu-
nities with other grazing echinoids (Shi-

mabukuro 1991). The earliest possible

specimens from the Atlantic Ocean might

have been taken prior to 1875 by J. C. Mel-

hss off St. Helena (Mortensen 1933), but

the first definite record was Koehler's

(1908) two specimens taken by RA^ Scotia

in 1904 off Ascension Island at 40 fm [73

m]. Koehler's (1908) description of the two

specimens formed the basis for Clark's

(1912) new species P. atlantica. [A speci-

men collected by E. W. Alexander off St.

Helena is designated by museum records as

"holotype" of P. atlantica H. L. Clark,

1912 (BMNH 1949.1.18.3). It has a label

signed by H. L. Clark and dated "1924,"

but the meaning of the date is unclear. Clark

(1925) described the specimen but did not

list it among the 111 echinoid types in the

British Museum (Natural History).] A sec-

ond possible discovery at St. Helena was

by J. T. Cunningham in 1909 (Mortensen

1933), mistaken for Tripneustes ventricosus

(reported as T. esculentus) perhaps because

of the low, hemispherical, subpentagonal

test bearing fine, short spines. Mortensen

(1933, 1943) collected at least 12 P. ma-
culata atlantica off St. Helena in 1930 "in

patches in great numbers" from a depth of

20 m (Mortensen 1933:467; tags written in

Mortensen 's own hand read "20 m" for

USNM E5953 but "50 m" for MCZ 7583)

on a bottom of small stones, Lithothamnion,

and "loose Furcellaria-like algae," with

which the urchins covered their tests. In

1968-1969, A. Loveridge took additional

specimens from St. Helena (USNM
El 1732, E16096).

Pseudoboletia was first collected in the

West Indies in 1918 by C. C. Nutting during

the Barbados-Antigua Expedition (Fig. 5).

The single specimen (USNM E4531), taken

off Barbados "in all probability" from 30-

100 fm [55-183 m], is the holotype of

Clark's (1921) P. occidentalis [but not hsted

by Downey (1968)], which Pawson (1978)

synonymized with P. maculata maculata.

Clark (1921:117) hailed this specimen as

"certainly one of the most noteworthy re-

sults of the Barbados-Antigua Expedition,"

and he expressed surprise that the species

had not been taken in earlier expeditions.

Additional records include two more speci-

mens from Barbados collected at 12 m (the

shallowest Atlantic record) by M. Telford in

1976 (USNM El 6246) and one near St. Vin-

cent in 1969 by RA^ Pillsbury (USNM
E20593). Four specimens from the Carib-

bean Sea collected in 1968 off Venezuela by

RA^ Pillsbury (USNM El 2353) were Usted

by Pawson (1978), along with records off

the SE coast of Rorida, U.S.A., (USNM
E16202, E16203, E16204) in 1974 at 20-21

m. An additional unpublished specimen

from Key Largo, Florida, was taken in 1979

on an algal bottom at 51 m (HBOM 72:252).

In 1978—the same year in which the first

specimens were found in the Gulf of Mexi-

co—three specimens were collected off the

coast of South Carolina, U.S.A., at 53-55 m
(HBOM 72:278, 72:867); and in 1981, at

least 21 specimens were collected in 12 of

24 trawl samples off North Carolina, U.S.A.,

at depths of 63-102 m (USNM E29626,

E29871, E30528, E32267; at least 10 in col-

lection of W. W. Kirby-Smith, in litt.), rep-

resenting the northernmost Atlantic records

to date. The North Carolinian P. maculata

inhabited " 'live bottom' rock outcrops with

scattered sand in between" (W. W. Kirby-

Smith, in litt.; Duke University Marine Lab-

oratory 1982). The community was domi-

nated in biomass by echinoderms, which

clustered at a high level (^0.7) of constancy

along with sponges and decapod crusta-

ceans. Crustose corallines were the only al-

gae reported from the station, and a ridge-
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trough system at 100 m depth included rub-

ble with large "lithothamnion balls" (Duke

University Marine Laboratory 1982). It is

surprising that Project SEAMAP (National

Marine Fisheries Service & Florida Depart-

ment of Natural Resources) took no P. ma-

culata in 1983-1985 and 1987 from its 450

trawl and dredge stations at 1 1-549 m be-

tween Stuart (27°10'N) and Fernandina

Beach (30°42'N), Florida (R. L. Turner, un-

publ.).

Discussion

These records of Calocidaris micans and

Pseudoboletia maculata bring the echinoid

fauna of the Gulf of Mexico to 61 species

(Table 1), add 2 West Indian-Caribbean spe-

cies to its fauna, and further reduce its level

of echinoid endemism. Of the 47 species

that inhabit the continental shelf (0-200 m),

39 species (83%) have West Indian-Carib-

bean distributions. Serafy (1979) recorded

C. micans, Cidaris rugosa, and Stereoci-

daris ingolfiana as slope species, but Cal-

ocidaris micans occurs at 100-144 m in the

Gulf of Mexico and Cidaris rugosa at 46

m (Barbosa-Ledesma et al. 2000); although

Barbosa-Ledesma et al. (2000) did not re-

port the depth for their S. ingolfiana, their

station coordinates plot well within the 1 00-

m isobath on the continental shelf north of

the Yucatan Peninsula. Serafy (1979) con-

sidered Brissopsis aha to be the only echi-

noid endemic to the Gulf of Mexico. Since

his work was published, B. alta has been

collected at 12 stations sampled by R/V
Delaware II and RA^ Chapman during Pro-

ject SEAMAP in 1984-1987 between

27°49'N (off Sebastian Inlet, Florida) and

30°20'N (off Jacksonville, Florida) at

depths of 177-41 1 m in the Atlantic Ocean

(R. L. Turner, unpubl.). But the addition of

Mellita tenuis, restricted to the eastern Gulf

of Mexico (Harold & Telford 1990), retains

the level of endemism at 1 species out of

61 (<2%). Cutress (1980) considered Cal-

ocidaris to be the only cidaroid genus. Re-

cent or fossil, endemic to the Caribbean

Sea; but our records of C. micans from the

Gulf of Mexico and the Bahamas eliminate

the endemic standing of the genus.

We believe that the new records do not

represent range extensions but rather in-

creased sampling effort using recent tech-

nology (SCUBA, submersibles, ROVs,
camera sleds), in some cases in high-relief

live-bottom biotopes that were avoided by

earlier naturalists, except for the occasional

use of rock dredges. This thought parallels

those of Hendler & Miller (1984) and Hen-

dler & Turner (1987) for four new species

of deep-reef ophiuroids from the Caribbean

Sea and Gulf of Mexico. Clark (1921:118)

in the description of his new Pseudoboletia

occidentalis remarked, "It is strange that

neither the 'Blake,' the 'Hassler,' nor the

'Albatross,' nor any other collector in the

West Indies, has met with the genus but the

reason may be that the vessels mentioned

did nearly all their collecting outside the

100 fms. line while the other collectors

have done very little dredging at any depth.

The teeming area between 10 and 100 fms.

has scarcely been touched as yet."

Cutress (1980) postulated the extinction

of many genera of cidaroid from the Carib-

bean after the Cretaceous due to lowered

salinity, reduced temperature, and heavy

sedimentation from terrigenous sources.

These conditions might have prevailed also

in the Gulf of Mexico more recently during

the Wisconsin Glacial Epoch of 100,000-

14,000 B.P (reduced temperature) and with

the subsequent postglacial flow of meltwa-

ter from the Laurentide ice sheet via Lake

Agassiz down the Mississippi River basin

in the last 14,000 yr (reduced temperature

and salinity, heavy sedimentation, altered

surface currents; Broeker et al. 1989, Pielou

1991, Gore 1992, WiUiams et al. 1998).

Only in the last 9000 yr might Caribbean

echinoids have invaded the Gulf of Mexico

to inhabit new biotopes of the recently

flooded continental shelf. Live-bottom echi-

noids such as Calocidaris micans and Pseu-

doboletia maculata would have found suit-

able habitat only in patches of high relief
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and other locations less prone to sediment

accumulation. These events might be fac-

tors that explain the strong Caribbean influ-

ence and low endemism of the Gulf of

Mexico echinoid fauna.
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The genus Chrysopetalum Ehlers, 1864 (Annelida: Polychaeta:

Chrysopetalidae) in the Pacific coast of Panama

Maria Teresa Aguado, Maria Capa, and Guillermo San Martin

Laboratorio de Biologia Marina e Invertebrados, Departamento de Biologia (Zoologia),

Facultad de Ciencias, Universidad Autonoma de Madrid, Cantoblanco, 28049 Madrid, Spain

Abstract.—The family Chrysopetalidae is represented in the Pacific coast of

Panama by three genera: Bhawania Schmarda, 1961, Paleanotus Schmarda,

1961 and Chrysopetalum Ehlers, 1864. Up to now, the latter genus was rep-

resented by a single species, Chrysopetalum occidentale Johnson, 1897. During

a study carried out at the National Park of Coiba (Pacific coast of Panama),

three species of this genus were found: C occidentale and two new species:

C. elegantoides n. sp. and C. maculata n. sp. In this paper the two new species

are described and a key for identification is provided. Chrysopetalum elegan-

toides closely resembles the descriptions of C. elegans Bush, 1900 and C
ehlersi Gravier, 1901. The paleae and neurosetae are very similar to those of

C elegans, but specimens from Coiba lack interramal glands like C. ehlersi.

Chrysopetalum elegantoides differs from C ehlersi principally in the tips of

paleae and the length of the blades of the neurosetae. Chrysopetalum maculata

differs from all others within the genus in having a wide body and broad paleae

and in the lack of spines. The most similar species is C. heteropalea Perkins,

1985; both species lack spines (sensu Perkins) and have several symmetrical

paleae; but the paleae of the C. maculata are ornamented with knobs, lacking

the transverse ridges that are typical of C. heteropalea. The presence of C.

occidentale in the area is verified.

Polychaetous annelids are poorly known Schmarda, 1961 and Chrysopetalum Ehlers,

in the Panamanian Pacific, and only few 1864, and four species: B. goodei Webster,

studies in this area have provided records 1884, B. riveti (Gravier, 1908), P. chryso-

of these marine animals (Monro 1928a, lepis Schmarda, 1861 and C. occidentale

1928b, 1933a, 1933b; Fauchald & Reimer Johnson, 1897, have been reported. The

1975; Fauchald 1977a; Lopez et al. 1997). present paper increases the knowledge of

Investigators from the Laboratorio de In- this family in the area offering a description

vertebrados y Biologia Marina of the Univ- of two new species of Chrysopetalum, as

ersidad Autonoma de Madrid have been well as verifies the presence of C. occiden-

working at the National Park of Coiba since tale.

1996 in order to increase the knowledge of The National Park of Coiba (7° 10' to

the marine fauna in general (San Martin et 7°53'N and 81°32' to 81°56'W) is a marine-

al. 1997), and the polychaetes in particular terrestrial area, protected since 1991. It is a

(Capa et al. 2001a, 2001b, 2001c, San Mar- set of a large amount of islands and islets,

tin et al. 1998). the largest being the one which gives the

The diversity of genera and species of the name to the Park. The study of the fauna

family Chrysopetallidae in the Panamanian and flora of this Park is very important is-

Pacific appears to be low; only three gen- sue for several reasons: the eastern central

era: Bhawania Schmarda, 1961, Paleanotus Pacific has a special biogeographical inter-
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est due to its past connection with the pre-

sent Caribbean (Laverde-Castillo 1986); the

lack of human impact; and the few studies

carried out in the area.

Material and Methods

The samples were collected during four

expeditions carried out between Jun 1996

and Sep 1998. Different substrata were

sampled: blocks of dead coral (Pocillopora

spp.), epibionts from dead gorgonians {Pa-

cifigorgia sp.) and living oysters (Hyotisa

hyotis) and coarse sand. Samples were col-

lected in three different ways: the blocks of

dead coral Pocillopora spp. (approximately

4 kg) were sampled by SCUBA and im-

mediately put into a bag, the blocks were

then placed in sea water for 24 h in order

to induce the organisms to leave the coral

cavities due to short supply of oxygen; the

remainder of the organisms were extracted

by fragmenting the branched blocks; the

polychaetes associated with dead gorgoni-

ans and living oysters were sampled by

SCUBA, by removing the substrata and

scraping off their surfaces; and for sam-

pling the polychaetes in coarse sand, a corer

9.5 cm diameter and 1 liter volume was

used, and the sediment was washed through

a 0.25 mm gauge mesh sieves.

The samples were fixed in a 10% form-

aldehyde-seawater solution and preserved

in a 70% alcohol solution. For identification

a Olympus SZ30 stereomicroscope and

Olympus CH30 optical microscope were

used. Parapodia from most of the specimens

were removed and slide mounts were made
in glycerine gel. The drawings were made
to scale, with a drawing tube, in a Nikon

Optiphot optical microscope equipped with

interference contrast optics (Nomarsky).

Scanning electron micrographs (SEM) were

made using standard procedure. The speci-

mens in 70% alcohol were introduced grad-

ually in solutions more concentrated in ac-

etone. The specimens were critical-point

dried in carbon dioxide, coated with gold

and viewed through a SEM Phillips XL-30

system, in the SEM unit at the Universidad

Autonoma de Madrid. The specimens are

deposited in the Museo Nacional de Cien-

cias Naturales de Madrid (MNCNM),
Spain.

The sample sites, co-ordinates and habi-

tats are provided in Table 1. In 14 samples

studied, a total of 65 specimens of Chry-

sopetalids were identified belonging to only

one genus, Chrysopetalum, and three spe-

cies.

Results

Genus Chrysopetalum Ehlers, 1864

Type species.—Chrysopetalum fragile

Ehlers, 1864.

Diagnosis.—Medium in size, up to 65

segments. Prostomium rounded, partially

retracted into anterior segments (about pos-

terior margin of the fourth segment), with

two pairs of eyes generally in rectangular

disposition, anterior pair larger than poste-

rior ones. A pair of elongate ventral palps.

Pair of long lateral antennae emerging ven-

trally on anterior margin of dorsal surface,

and short median antenna, fusiform, origi-

nating behind anterior eyes. Caruncle at-

tached on posterior dorsal margin of pro-

stomium, smaller than prostomium, sphae-

roidal, and reaching the end of fifth setiger.

Ventral mouth opening with triangular or

rounded cover, extending from anterior

margin of fifth segment. Peristomium re-

duced, only visible as lip covering the

mouth. First two segments each with pair

of dorsal and ventral cirri, similar to those

following segments. First segment asetig-

erous, second segment only with notosetae.

From third segment, parapodia birramous

with notopodial paleae (modified notosetae)

and compound spinigerous neurosetae on

anterior segments, changing to compound
falcigerous neurosetae through posterior

segments. Dorsal cirri with long cirrophores

and long cirrostyles with wide basis and fi-

liform distal part. Ventral cirri shorter, but

similar in shape. Dorsum partially covered

by flatened paleae, distally serrated, with
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internal longitudinal ribs and transverse

chambers. Paleae of middle segments form-

ing at least three groups arranged in semi-

circular or straight row, covering dorsum,

extending from bundles occupying 0.5 to

0.67 of segmental width, serrated on both

margins. Some species with an additional

row of anterior spines. Middle group paleae

consisting of two or three irregular trans-

versely arranged rows of long and slender

paleae originated in up to eight develop-

mental centers, median paleae symmetrical,

each with up to 12 internal longitudinal

ribs, lateral ones with tips asymmetrical,

bent toward middle of group. Lateral group

paleae consisting of up to 10 more slender,

symmetrically tipped, laterally orientated

paleae, also with internal ribs. Midline

group paleae arranged in longitudinal to

slightly oblique row of up to six; each bent

medially and posteriorly, shorter, slender

than middle group paleae, with almost sym-

metrical tips. Compound falcigers with

blades decreasing in size dorsally to ven-

trally, unidentate, with hooded tips and ser-

rated margins. Pygidium with pair of anal

cirri similar to dorsal cirri (Perkins 1985,

San Martin in press).

Chrysopetalum elegantoides new species

Figs. 1, 2

Material examined.—Holotype:

CM2NOV97 (MNCN 16.01/853 la), para-

types: CM2FEB97(2) (MNCN 16.01/

8352), CM3FEB97(1) (MNCN 16.01/

8533), CM4FEB97(21) (MNCN 16.01/

8534), CM2NOV97(5) (MNCN 16.01/

8531b), CM4NOV97(2) (MNCN 16.01/

8535), CM5NOV97(l) (MNCN 16.01/

8536), CM1SEP98(6) (MNCN 16.01/

8537), CM5SEP98(1) (MNCN 16.01/

8539), CUAL8JUN96(1) (MNCN 16.01/

8541), CUAL2FEB97(1) (MNCN 16.01/

8541), CUAL5FEB97(8) (MNCN 16.01/

8543).

Additional material examined.—
CM3FEB97(fragments), CM4FEB97 (frag-

ments), CUAL8FEB97(fragments).
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Fig. 1. Chrysopetalum elegantoides n. sp. Paratype CM1SEP98. A: Right parapodium, setiger 33, anterior

view; B: Same, posterior view; C: Tip of symmetrical palea, middle group; D: Tip of palea, lateral part, middle

group; E: Palea, lateral group; F: Palea, midline group; G: Spine, anterior group; H: Upper compound falcigerous

neuroseta, middle segments; I: Lower compound falciger; J: Middle compound falciger. Scale A, B: 68.25 |xm;

C-J: 20 |jLm.
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Other material examined.—Chrysopetal-

um elegans MNCN 16.0 1/4 107, MNCN
16.01/4194, MNCN16.01/4201, MNCN
16.01/4195 from Cuba, loaned by de Museo
Nacional de Ciencias Naturales de Madrid.

Chrysopetalum elhersi 1941.4.4.238 and A39
from Red Sea, 1969.192 from Kuwait and

1961.8.14 from Mombassa; lounded by the

Natural History Museum, London and the

Museum National d'Histoire Naturelle de

Paris.

Description.—Only two complete speci-

mens (the holotype and one paratype in

sample CUAL3FEB97). Holotype 8 mm
long, 0.6 mm wide with 58 segments. Com-
plete paratype 6 mm long, 0.5 mm wide,

with 37 segments. Prostomium oval, slight-

ly longer than wide. Some specimens hav-

ing three pairs of eyes, with two posterior

pairs slightly superimposed, anterior pair

sometimes very close to each other but also

separated in other specimens. Caruncle

smaller than prostomium. Notosetae con-

sisting of paleae and spines. Paleae serrated

on their margins, without hoods on middle

and midline groups, dorsal surface moder-

ately knobbed (Figs. IC-F, 2B). Middle

group paleae of midbody numbering 20-

30; middle, symmetric paleae with eight or

nine internal longitudinal ribs and conical

tapered tips (Figs. IC, 2C); lateral middle

group paleae asymmetrical with tips direct-

ed to middle ones, with eight internal ribs

(Fig. ID); central paleae shorter than lateral

paleae in middle group. Middline group pa-

leae about seven, each with denticulated

surface midrib (Fig. IF). Lateral group pa-

leae gradually more slender and smaller

from the principal group to the anteriome-

dial spines (Fig. IE). Three spines slender

and denticulated in each parapodia on an-

terior group (Fig. IG). Neuropodia with

characteristic setae (Fig. IH-J). Parapodial

gland in the base of dorsal and ventral cir-

rostyles and in the inferior part of neuro-

podia (Fig. lA-B).

Remarks.—Two very similar species

with slender paleae have been previously

described: C. elegans Bush, 1910 and C.

ehlersi Gravier, 1901. Chrysopetalum ele-

gans differs from C. ehlersi in having well

developed interramal glands with spindles

of fibers, as well as in having wider neu-

rosetal blades (Perkins 1985). The geo-

graphical distribution of these two species

is also different: C. elegans has been re-

ported from the Caribbean (Bermuda and

Cuba), Gulf of Mexico, and Florida, where-

as C. ehlersi has been reported from the In-

dian Ocean (Gulf of Aden, Persian Gulf and

Kenia). Chrysopetalum elegantoides n. sp.

from Coiba has cirrophoral glands but lacks

interramal glands, although it is very simi-

lar to C. elegans in the shape of the paleae

and the width of the neurosetae. The spec-

imens from Coiba have been compared

with specimens of C elegans from Cuba
(San Martin 1986). The specimens of C
elegans from Cuba have very conspicuous

interramal glands, confirming that this char-

acter has value for segregating species (Per-

kins 1985). Comparisons have also been

made with specimens of C. elhersi 1941.

Specimens from Kuwait and Mombasa are

not C. ehlersi, and perhaps represent an un-

described species. They differ from C eh-

lersi in having conspicuously broader hood-

ed paleae, whereas the specimens from the

Red Sea perfectly agree with the original

description (Gravier 1901). Chrysopetalum

elegantoides shaxes with C. ehlersi the ab-

sence of an interramal gland and the similar

shape of acute paleae, but they differ in sev-

eral features: the median antenna in C. ele-

gantoides is shorter than those in the spec-

imens of C. ehlersi', C. elegantoides has

proportionally more slender paleae than

does C ehlersi, which is more evident in

the middle group and the lateral group pa-

leae (Figs. IC, E, 3C, E); the tips of the

paleae are sharper in C. elegantoides (Fig.

ID) than in those of C. ehlersi (Fig. 3D);

midline group paleae have the denticulated

midrib displaced laterally in C. ehlersi (Fig.

3F) and centered in C. elegantoides (Fig.

IF); the bidentation of neurosetae appears

to be more pronounced in C. elegantoides

(Figs. IH-J, 2E, F) than in C. ehlersi (Fig.
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Fig. 2. Chrysopetalum elegantoides n. sp. Scanning electron micrographs (SEM). A: Anterior end, dorsal

view; B: Paleae, anterior setigers; C: Paleae, middle setigers; D: Middle parapodium, posterior view; E-F:

Compound falciger neurosetae.

3G-I); the neurosetal blades are shorter but

they have the same width (they measure 44,

35 and 15 |jLm long in C elegantoides, in

the superior, median and inferior setae of a

midbody parapodium respectively, and 57,

41 and 20 |jLm long in C ehlersi, respec-

tively. The cirrophoral gland is relatively

larger in C. elegantoides than in C. ehlersi

(Figs. lA, B, 2D, 3A, B).

The presence of three pairs of eyes has

been reported before on other species: Bush

(in Verrill 1900) found some specimens

with six eyes in the syntypes of C. elegans,

although Perkins (1985) reported only two

pairs.

Etymology.—The specific name is given

because of the similarity between this spe-

cies and C. elegans {-oides — similar to, in

greak) which lives on the other side of the

Isthmus of Panama.
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Fig. 3. Chrysopetalum ehlersi. NHML ZK 194L4.4.238. A: Parapodium middle segment anterior view; B:

Same, posterior view; C: Tip of palea, central part of middle group; D: Same, from lateral part; E: Palea, lateral

group; F: Palea, midline group; G: Upper compound falcigerous neuroseta; H. Middle compound falciger; I:

Lower compound falciger. Scale A, B: 0.195 mm; C-I: 20 ixm.
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Fig. 4. Chi-ysopetalum maculata n. sp. AR1SEP98. A: Anterior end. dorsal view; B: Anterior end without

paleae, dorsal view; C: Right parapodium, middle segment, anterior view; D: Left parapodium, middle segment,

posterior view. Scale A: 0,195 mm; B: 0,18 mm; C, D: 97,5 jjim.

Habitat.—Blocks of dead Pocillopora

spp.

Geographical distribution.—Pacific coast

of Panama.

Chrysopetalum maculata, new species

Figs. 4-6

Material examined.—Holotype: ARl
SEP98(1) (MNCN 16.01/8530a), paratypes:

AR1SEP98(3) (MNCN 16.01/8530b).

Additional material examined.—
AR1SEP98(10).

Description.—Holotype anterior frag-

ment 4.12 mm long, 1 mm wide without

setae, 30 segments; largest paratype anterior

fragment, 2.76 mm long, 0.8 wide, 23 seg-

ments. Fragile, broad body, white to pale

brown. Silver to gold-colored paleae fans,

often flecked with brown spots, covering

worm completely, median paleae interlock-
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Fig. 5. Chrysopetalum maculata n. sp. AR1SEP98. A, C: Tips of paleae from lateral part of middle group,

middle segment; B: Tip of palea from central part of middle group, middle segment; D: Palea, midline group;

E: Paleae, lateral group; F: Palea, lateral group G: Lower compound falciger neuroseta; H: Middle compound
falciger; I: Upper compound falciger. Scale A-C: 20 iJim; D: 48 |xm; E: 20 fxm; F: 48 |xm; G-I: 20 ixm.

ing at mid-line, forming distinct convex

median ridge (Fig. 4A). Prostomium wider

than long, with two pairs of garnet eyes,

some specimens with an additional central

eye. Palps about twice longer than wide

(Fig. 4B). Rounded caruncle with cilia (Fig.

6B). Mouth covering semioval (Fig. 6A),

eversible proboscis with two stylets. Noto-

setae consisting of only very broad paleae,

anterior group spines absent. Middle group

paleae of middle segments about 20-22,

with dorsal surface strongly knobbed, with

9-12 internal longitudinal ribs (Fig. 5A-C)
and, sometimes, with hooded tips; various

symmetrical paleae in the centre of the fan

(Fig. 6D). Midline group bearing about five
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Fig. 6. Chrysopetalum maculata n. sp. AR1SEP98. (SEM). A: Anterior end, ventral view: B: Ciliated ca-

runcula; C: Left parapodium, middle segment, anterior view; D: Tips of paleae from middle group, middle

segment; E: Upper compound falciger neuroseta; F: Middle compound falciger neuroseta.

paleae with denticulate midrib and six lon-

gitudinal ribs (Fig. 5D). Lateral group con-

sisting of one long, broad and acutely

tipped palea with five or six longitudinal

ribs, originating near acicula (Fig. 5F) and

two or three more slender, shorter paleae

originating laterally (Fig. 5E, 4C). Com-
pound falcigerous neurosetae numbering 20

to 30 with blades moderately long. Upper
few blades distinctly longer than adjacent

ones, gradually shorter ventrally. Dorsal

blades 55 ixm long, with short and coarse

serration (Figs. 51, 6E); middle blades 38

|jLm long, with long and stout serration

(Figs. 5H, 6F); ventral blades 28 [ixn long,

with fine, moderately long seiTation (Fig.

5G). Interramal region of middle parapodia

ciliated on anterior side. Glands containing

spindles of fibers in dorsal cirrophore (Fig.

4D).
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Remarks.—Chrysopetalum maculata n.

sp. resembles the general aspect of the spe-

cies of the genus Arichlidon Russell, 1998,

because of considerably broad shape of the

body and paleae, as well as the golden color

of the paleae with brown scale spots. How-
ever, the diagnostic characters place this

species in the genus Chrysopetalum. Chry-

sopetalum maculata differs from other spe-

cies of the genus in having very broad

knobbed paleae and in lacking spines on the

notopodia of middle segments. Chrysope-

talum remaneii Perkins, 1985 and C her-

nancortezae Perkins, 1985, have very nar-

row paleae and notopodial spines. Chryso-

petalum elegans Bush, 1900 also possesses

very narrow paleae and their typical inter-

ramal glands could not be observed in the

studied specimens. Chrysopetalum debile

(Grube, 1855), C occidentale Johnson,

1897, C floridanum Perkins, 1985, and C.

euripalea Perkins, 1985, have also narrow

paleae, and tips of the paleae are displaced

and have notopodial spines. The definition

of C. elongatum (Grube, 1856) is conflict-

ing and not clear (Perkins 1985) since

drawings and descriptions are incomplete.

The most similar species is C heteropalea

Perkins, 1985, because both C maculata

and C heteropalea lack notopodial spines,

posses dorsal cirrophoral glands, the ante-

rior side of middle parapodia in the inter-

ramal region is ciliated, and the shapes of

neurosetae and paleae are similar. The tips

of the paleae of C heteropalea are also dis-

placed as in C. maculata and both present

symmetrical paleae in the centre of the mid-

dle group. Paleae of C. heteropalea are con-

siderably narrower, with 8 longitudinal ribs

and lack knobs in their dorsal surface; in-

stead, there is ornamentation consisting of

numerous and irregular transversals ribs

that is not present in C maculata. Chryso-

petalum heteropalea has also visible glands

in the neuropodia and ventral cirrophores,

which have not currently been found in

specimens of C maculata. Neurosetae are

similar in both species, although C macu-

lata does not present the typical lowest

compound falciger that occurs in C. heter-

opalea and middle compound falcigers are

slightly different. The caruncle of C ma-
culata is ciliated, differing from that de-

scribed by Perkins (1985) for C. heteropa-

lea.

Etymology.—The species name derives

from the latin macula (= spot), in reference

to the numerous dark spots on the surface

of paleae.

Habitat.—Intertidal coarse sand.

Geographical distribution.—Pacific coast

of Panama.

Chrysopetalum occidentale Johnson, 1897

Fig. 7

Chrysopetalum occidentale Johnson, 1897

161, pi. 5, figs 15, 16, pi. 6, Figs. 17-19

Monro 1933a: 19; Hartman 1961: 56, 57

1968: 185, 186, Figs. 1-5; Fauchald &
Reimer 1975: 82; Fauchald 1977a: 71,

Figs. 18 a-c; 1977b: 10, Perkins 1985:

869-871, Figs. 3, 4.

Material examined.—CMl SEP98 (1+1
fragment), CUAL8FEB97 (1 fragment).

Remarks.—Only one anterior fragment

of 15 setigers and two middle fragments

were collected. The specimens agree gen-

erally with the description of Perkins

(1985). The anterior fragment lacks the me-

dian and left antennae, and we can not com-

pare these structures with Perkins' descrip-

tion (1985). Middle group paleae have ob-

tuse tips and eight to ten internal ribs (Fig.

7C, D). Midline group paleae have the den-

ticulated midrib slightly displaced laterally

(Fig. 7F). Lateral group paleae are slender

(Fig. 7E). Blades of compound falcigerous

neurosetae are bidentate, gradually decreas-

ing in size dorsally to ventrally (Fig. 7G,

H).

Perkins (1985) established some differ-

ences between the specimens from Califor-

nia and those from Mexico. The number of

paleae in the middle group of specimens

from the first locality is between 35 and 40

and in Mexico they have a maximum of 30

paleae. In Coiba, the specimens found have
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Fig. 7. Chr-ysopetalum occidentale. CM1SEP98. A: Left parapodium, setiger 14, anterior view: B: Right

parapodium, same setiger, posterior view; C: Palea, middle group, central part; D: Palea, middle group, lateral

part; E: Palea. lateral group; F: Palea, midline group; G: Upper compound falciger neuroseta; H: Lower com-

pound falciger. Scale A, B: 0.195 mm; C-H: 20 |xm.

between 15 and 24 paleae in the middle

group (Fig. 7A, B). Midline group paleae

number about six in California and about

four in Coiba.

Type locality.—California.

Habitat.—Rocks (Hartman 1968), hold-

fast (Perkins 1985), intertidal (Fauchald

1977a), dead coral {Pocillopora spp.).

Geographical distribution.—According

to Perkins (1985) the distribution of this

species is localized in the East Pacific, from

the southern California to Panama.
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Key to Chrysopetalum Species in the

Panamanian Pacific

la. Anterior group of paleae and spines

{sensu Perkins 1985) absent. Body and

paleae very broad C. niacidata n. sp.

lb. Anterior group of paleae and spines

present 2

2a. Middle group paleae with acute tips

(see Fig. 2C-F), and narrow subtermi-

nal region, without hoods or remnants

in the distal end of paleae

C. elegantoides n. sp.

2b. Middle group paleae with obtuse tips

(see Fig. 8C-F) and enlarged subter-

minal region, hoods or remnants gen-

erally present C. occidentale
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Abstract.—The decapod crustacean assemblage inhabiting estuarine, neritic

and continental shelf waters (to 190 m) of the temperate eastern United States

is diverse, with 391 species reported from Maine to Cape Canaveral, Florida.

Three recognized biogeographic provinces (Boreal in part, Virginian and Car-

olinian) are included in this region. The assemblage contains 122 shrimp spe-

cies (28 penaeids, 2 stenopodids, and 92 carideans), 10 thalassinideans, 8 lob-

sters, 61 anomurans and 190 brachyurans. Since previous compilation of this

fauna, 12 additional species have been described, including four carideans, one

callianassid, four anomurans, and three brachyurans. Range extensions into the

region have been reported for another five species (Parapenaeus americanus,

Scyllarides aequinoctialis, Petrolisthes armatus, Dromia erythropus, Clythro-

cerus nitidus). One species, Hemigrapsus sanguineus, has been introduced and

become established throughout intertidal environments from southern Maine to

northern North Carolina. Six species previously recorded from this region are

no longer considered to occur there. Two of these species occur south of the

Carolinian biogeographic province, three others are now known to occur only

in the Pacific Ocean, and one species previously considered as likely to occur

in the region has never actually been recorded there. Scientific nomenclature

for all species recorded from the region is updated and referenced. Geographic

distributions are summarized for each species incorporating recent published

information where available.

The decapod crustacean assemblage m) decapods in this region has advanced,

(shrimps, lobsters, and crabs) inhabiting es- Numerous changes in taxonomy and/or sys-

tuarine, neritic and continental shelf waters tematic placement of species occurring in

(to 190 m) of the temperate eastern United this region have also been published in pa-

States is diverse and fairly well known. The pers scattered throughout the literature,

most recent comprehensive review of this Objectives of this paper are to re-evaluate

fauna (Williams 1984) recognized 342 spe- the taxonomic status and to update nomen-

cies of decapods and listed 14 extralimital clature for the 342 nominal species of deca-

species (species thought to occur inciden- pods treated by Williams (1984). The list of

tally in the region). Williams' (1984) mono- species he presented is updated by inclusion

graph is widely used and continues to be of all decapods now known to occur in this

the best available reference for decapod region based on recently published infor-

crustaceans of the east coast of the United mation. Emendations to Williams' original

States. However, in the nearly 20 years list include (1) the addition of species in

since publication of Williams (1984), this region described after Williams' pub-

knowledge regarding shallow water (<190 lication, (2) adding of species newly re-
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ported from the region as published range

extensions and introductions, and (3) re-

moval of species no longer considered to

occur in the region based on published

range revisions. The emended list also in-

cludes 13 species listed in Williams (1984)

as extralimital, as well as 16 other species

that Williams (1984) did not treat, but

which previously had been recorded from

this region.

Methods

This compilation largely follows the clas-

sification and arrangement of Martin & Da-

vis (2001). Based on other recent system-

atic studies (cited below), some species and

genera have been moved to different fami-

lies, and other species have been reassigned

to different genera. Where new systematic

information has necessitated changes, up-

dated nomenclature with relevant references

is provided, together with a cross-reference

to names used in Williams (1984). Symbols

preceding species listings highlight the fol-

lowing changes between Williams (1984)

and the present compilation: denotes new
additions to the decapod assemblage; * de-

notes changes in nomenclature and/or sys-

tematic placement. Additionally, distribu-

tional information is reported for each spe-

cies that occurs in the region with recently

published range revisions incorporated and

referenced. Justification explaining changes

in systematic placement of taxa, together

with appropriate reference sources, are pro-

vided in a remarks section when relevant.

The region of coverage in the present

work is the same as that in Williams (1984),

spanning depths from shallow water to the

100-fathom (ca. 190 m) depth contour in

three biogeographic provinces. These prov-

inces, defined by marine climatic zones

(WilHams 1984, Engle & Summers 1999),

are, from north to south. Boreal (represent-

ed by the region from Maine to north of

Cape Cod, Massachusetts), Virginian (Cape

Cod, Massachusetts, to Cape Hatteras,

North Carolina) and Carolinian (Cape Hat-

teras, North Carolina, to Cape Canaveral,

Florida). Williams (1984) commented that

inclusion or exclusion of some species from

his list was subjective. For example, he re-

garded some species as extralimital (i.e.,

their center of distribution was outside the

region) and did not consider them to be part

of the assemblage despite the fact that they

had been recorded from the region. Wil-

liams' treatment of extralimital taxa has

proved to be problematic and confusing es-

pecially in attempts to summarize decapod

crustacean diversity of the region. To alle-

viate this confusion, the present work does

not consider species as extralimital (sensu

Williams). Based on available distributional

information, the present compilation treats

species as either occurring in the geograph-

ic region and thus included in the list, or as

not occurring in the region and thus ex-

cluded.

Systematic Account

Order Decapoda Latreille, 1802

Suborder Dendrobranchiata Bate, 1888

Infraorder Penaeidea Rafinesque, 1815

Superfamily Penaeoidea Rafinesque, 1815

Family Aristeidae Wood-Mason, 1891

Remarks.—Perez Farfante & Kensley

(1997) diagnosed the family and genera,

presented a key to the genera based on mor-

phological characters, and illustrated im-

portant diagnostic characters for the genera

included in their study.

Aristaeomorpha foliacea (Risso, 1827)

Remarks.—Species diagnosis and figures

are provided in Perez Farfante (1988) and

Rodriguez (1993). This species occurs be-

tween 170-1300 m (Perez Farfante 1988).

Known range.—Western Atlantic: Mas-

sachusetts to Florida, Gulf of Mexico, Ca-

ribbean Sea to Venezuela (Perez Farfante &
Kensley 1997), and Brazil (DTncao 1998);

Eastern Atlantic: Bay of Biscay to Western

Sahara; Azores; Madeira; Canary Islands;

Mediterranean Sea; Indo-West Pacific:
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South Africa to Mozambique; Madagascar;

Reunion Island; Maldive Islands; Sri Lan-

ka; Indonesia; Philippines; Taiwan; Japan;

Australia; New Zealand; New Caledonia;

Wallis and Futuna Islands; Fiji (Perez Far-

fante & Kensley 1997).

Family Penaeidae Rafinesque, 1815

Remarks.—Dall et al. (1990) provided a

comprehensive account of many aspects of

penaeid systematics, biology and ecology.

Perez Farfante & Kensley (1997) diagnosed

the family and genera, presented a key to

the genera based on morphological charac-

ters, and illustrated important diagnostic

characters for the genera included in their

study. Former subgenera (Farfantepenaeus

and Litopenaeus) of the more inclusive

Penaeus were raised to full generic status

by Perez Farfante & Kensley (1997). Re-

sults of some molecular phylogenies (Bald-

win et al. 1998, Gusmao et al. 2000) have

failed to support elevation of these subgen-

era to genera, however, an alternative hy-

pothesis of relationships proposed in the

molecular phylogeny of Maggioni et al.

(2001) supported conclusions of Perez Far-

fante & Kensley (1997) derived from their

analysis of morphological characters. Tra-

chypenaeus, as previously defined and as

listed in Williams (1984), was shown to be

a complex of five genera (Perez Farfante &
Kensley 1997). Only one of these five gen-

era, Rimapenaeus Perez Farfante & Ken-

sley, 1997, is represented in the region by

a single species.

* Farfantepenaeus aztecus (Ives, 1891)

Penaeus {Farfantepenaeus) aztecus Ives.

—

Williams, 1984:24.

Known range.—Western Atlantic: Mar-

tha's Vineyard, Massachusetts, to Florida;

Gulf of Mexico to Yucatan (Williams 1984,

Perez Farfante & Kensley 1997).

* Farfantepenaeus brasiliensis

(Latreille, 1817)

Penaeus {Farfantepenaeus) brasiliensis La-

treille.—Williams, 1984:28.

Remarks.—This species occurs in shal-

low water to 366 m (Caetano da Costa et

al. 2000), but more frequently at depths of

less than 60 m (DTncao 1998).

Known range.—Western Atlantic: Cape
Hatteras, North Carolina, to Florida Keys;

southern Gulf of Mexico (off Campeche)
and Yucatan; Caribbean Sea to Rio Grande

do Sul, Brazil; Bermuda (Williams 1984,

Perez Farfante & Kensley 1997).

* Farfantepenaeus duorarum
(Burkenroad, 1939)

Penaeus {Farfantepenaeus) duorarum Bur-

kenroad.—WiUiams, 1984:28.

Known range.—Western Atlantic: lower

Chesapeake Bay to Florida; Gulf of Mexico
to tip of Yucatan Peninsula; Bermuda (Wil-

liams 1984, Perez Farfante & Kensley

1997).

-^ Litopenaeus setiferus (Linnaeus, 1767)

Penaeus {Litopenaeus) setiferus (Linnae-

us).—Williams, 1984:32.

Known range.—Western Atlantic: New
York to St. Lucie Inlet, Florida; Gulf of

Mexico to Yucatan (Williams 1984, Perez

Farfante & Kensley 1997).

Metapenaeopsis goodei (Smith, 1885)

Known range.—Western Atlantic: north-

east of Cape Lookout, North Carolina,

through the Florida Straits to Alabama; off

Cape Catoche, Yucatan; Bahamas through

the Caribbean Sea and along the coasts of

Central and South America to Espirito San-

to, Brazil; Bermuda (Williams 1984, Perez

Farfante & Kensley 1997, DTncao 1998).

Parapenaeus americanus Rathbun,

1901

Remarks.—Perez Farfante & Kensley

(1997) record this species from off New
England. This species occurs at 37-412 m
(Perez Farfante 1977b, DTncao 1998).

Known range.—Western Atlantic: off
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New England; off Ponte Vedra, Florida;

Gulf of Mexico; Bahamas; Cuba; Puerto

Rico; St. Lucia; Belize; Brazil (Rio de Ja-

neiro to Rio Grande do Sul); northern Uru-

guay (Perez Farfante 1977b, Perez Farfante

& Kensley 1997, D'Incao 1998).

Parapenaeus politus Smith, 1881

Remarks.—Parapenaeus politus occurs

over mud and sandy mud sediments at

depths of 3-752 m, but is usually found be-

tween 65-275 m (Rodriguez 1993).

Known range.—Western Atlantic: Mar-

tha's Vineyard, Massachusetts, south

through Gulf of Mexico, Caribbean Sea to

French Guiana, and Para, Brazil (Williams

1984, Perez Farfante & Kensley 1997,

D'Incao 1998).

Penaeopsis serrata Bate, 1881

Remarks.—Species diagnosis, descrip-

tion, illustrations, as well as, color and size

information were provided in Perez Farfan-

te (1980). Penaeopsis serrata occurs at

120-750 m, with maximum concentrations

occurring between 300-450 m (Perez Far-

fante 1980, Rodriguez 1993).

Known range.—Western Atlantic: New
Jersey to Gulf of Mexico; Caribbean Sea to

French Guiana; southern Brazil; Eastern At-

lantic: Portugal to northwest coast of Africa

(Perez Farfante 1980, Perez Farfante &
Kensley 1997).

* Rimapenaeus constrictus

(Stimpson, 1871)

Trachypenaeus constrictus (Stimpson).

—

Williams, 1984:38.

Remarks.—Rimapenaeus constrictus is a

new combination proposed by Perez Far-

fante & Kensley (1997). This species oc-

curs in shallow water to 127 m (Caetano da

Costa et al. 2000).

Known range.—Western Atlantic: Nova
Scotia; Chesapeake Bay to Florida Keys,

Gulf of Mexico; Bermuda; Caribbean Sea

to Santa Catarina, Brazil (Williams 1984,

Perez Farfante & Kensley 1997, D'Incao

1998).

Xiphopenaeus kroyeri (Heller, 1862)

Remarks.—This species occurs in shal-

low water to 70 m (Caetano da Costa et al.

2000).

Known range.—Western Atlantic: Vir-

ginia (Maris 1986) to Rio Grande do Sul,

Brazil, including the Gulf of Mexico and

Caribbean Sea (Williams 1984, Perez Far-

fante & Kensley 1997, Caetano da Costa et

al. 2000); Eastern Pacific: Punta Piaxtla,

Sinaloa, Mexico to Paita, Peru (Perez Far-

fante & Kensley 1997).

Family Sicyoniidae Ortmann, 1898

Remarks.—Perez Farfante & Kensley

(1997) provided family and generic diag-

noses and illustrations of diagnostic char-

acters.

Sicyonia brevirostris Stimpson, 1871

Known range.—Western Atlantic: Nor-

folk, Virginia, to Florida, through the Gulf

of Mexico; Campeche and Yucatan banks;

Cuba; Bahamas; Eastern Pacific: off south-

ern Mexico (Williams 1984, Perez Farfante

& Kensley 1997).

Sicyonia burkenroadi Cobb, 1971

Known range.—Western Atlantic: Cape

Lookout, North Carolina, to Florida,

through the Gulf of Mexico; West Indies;

Caribbean coasts of Central and South

America to Bahia, Brazil (Williams 1984,

Perez Farfante & Kensley 1997).

Sicyonia dorsalis Kingsley, 1878

Known range.—Western Atlantic: Cape

Hatteras, North Carolina, through the Gulf

of Mexico to Texas; Caribbean coasts of

Central and South America to southern Bra-

zil (Williams 1984, Perez Farfante & Ken-

sley 1997, D'Incao 1998).
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Sicyonia laevigata Stimpson, 1871

Known range.—Western Atlantic: Cape

Hatteras, North Carolina, to southern Flor-

ida; Gulf of Mexico; West Indies; Carib-

bean coasts of Mexico, Central America

and South America to Rio Grande do Sul,

Brazil (Williams 1984, Perez Farfante &
Kensley 1997, Caetano da Costa et al.

2000); Eastern Pacific: southern Gulf of

California; Costa Rica; Panama (Perez Far-

fante & Kensley 1997).

Sicyonia parri (Burkenroad, 1934)

Known range.—Western Atlantic: Beau-

fort, North Carolina, through the Gulf of

Mexico; West Indies to Sao Paulo, Brazil

(Williams 1984, Perez Farfante & Kensley

1997, Caetano da Costa et al. 2000).

Sicyonia stimpsoni Bouvier, 1905

Known range.—Western Atlantic: Cape

Hatteras, North Carolina, to Florida through

the Gulf of Mexico; West Indies; Caribbean

coasts of Mexico, Central and northern

South America to Suriname (Williams

1984, Perez Farfante & Kensley 1997).

Sicyonia typica (Boeck, 1864)

Known range.—Western Atlantic:

Wrightsville Beach, North Carolina,

through the Gulf of Mexico; Cuba through

the West Indies; Caribbean coasts of Cen-

tral and South America to Rio Grande do

Sul, Brazil (Williams 1984, Perez Farfante

& Kensley 1997, D'Incao 1998, Caetano da

Costa et al. 2000).

Family Solenoceridae Wood-Mason, 1891

Remarks.—Perez Farfante & Kensley

(1997) diagnosed the family and genera,

presented a key to the genera based on mor-

phological characters, and illustrated im-

portant diagnostic characters for the genera

included in their study.

Hadropenaeus affinis (Bouvier, 1906)

Remarks.—Description, affinities, com-
parisons, and illustrations are included in

Perez Farfante (1977a). This species occurs

between 165-570 m (Perez Farfante

1977a).

Known range.—Western Atlantic: North

Carolina to Florida; Gulf of Mexico; Carib-

bean; Eastern Atlantic: Cape Verde Islands

(Perez Farfante 1977a, Perez Farfante &
Kensley 1997).

Hadropenaeus modestus (Smith, 1885)

Remarks.—Description, affinities, com-
parisons, and illustrations are included in

Perez Farfante (1977a). This species occurs

at depths of 150-550 m (Perez Farfante

1977a).

Known range.—Western Atlantic: Dela-

ware to Florida, Gulf of Mexico, Bahamas,

Caribbean, and northern Brazil (Perez Far-

fante 1977a, Perez Farfante & Kensley

1997).

Mesopenaeus tropicalis (Bouvier, 1905)

Known range.—Western Atlantic: north-

east of Cape Lookout, North Carolina, to

southern Brazil, including Gulf of Mexico

(Williams 1984, Perez Farfante & Kensley

1997).

* Pleoticus robustus (Smith, 1885)

Hymenopenaeus robustus Smith.—Wil-

Hams, 1984:484.

Remarks.—Williams (1984) considered

this species to be extralimital. Perez Farfan-

te (1977a) concluded that Hymenopenaeus
comprised a complex of genera and con-

sequently transferred H. robustus and two

other species (//. muelleri and H. stein-

dachneri) to the genus Pleoticus Bate,

1888. Description, affinities, comparisons,

and illustrations of P. robustus were includ-

ed in Perez Farfante (1977a) and Squires

(1990). This species occurs at 70-915 m,

but is most abundant between 250-475 m
(Perez Farfante 1977a, Rodriguez 1993).
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Known range.—Western Atlantic: Mas-

sachusetts to Gulf of Mexico; Caribbean

Sea to French Guiana (Perez Farfante

1977a, 1988; Squires 1990; Perez Farfante

& Kensley 1997).

Solenocera atlantidis Burkenroad, 1939

Known range.—Western Atlantic: North

Carolina to southern Brazil, including Gulf

of Mexico and West Indies (Williams 1984,

Perez Farfante & Kensley 1997).

Solenocera necopina Burkenroad, 1939

Known range.—Western Atlantic: off

Oregon Inlet, North Carolina, to Uruguay,

including Gulf of Mexico and Bahamas
(Williams 1984, Perez Farfante & Kensley

1997).

Solenocera vioscai Burkenroad, 1934

Known range.—Western Atlantic: south-

east of Cape Lookout, North Carolina, to

Florida and Gulf of Mexico (Williams

1984, Perez Farfante & Kensley 1997).

Superfamily Sergestoidea Dana, 1852

Family Luciferidae De Haan, 1849

Remarks.—Perez Farfante & Kensley

(1997) provided a family diagnosis and il-

lustrated important diagnostic characters.

Lucifer faxoni Borradaile, 1915

Known range.—Western Atlantic: Long
Island Sound, New York, to Rio Grande do

Sul, Brazil, including Gulf of Mexico, Ca-

ribbean Sea, and Bermuda (Williams 1984,

Perez Farfante & Kensley 1997, D'Incao

1998); Eastern Atlantic: Senegal; Congo
(Williams 1984, Perez Farfante & Kensley

1997).

Lucifer typus H. Milne Edwards, 1837

Remarks.—Williams (1984) did not in-

clude this species in his study because

depth of occurrence was centered beyond

the limits of bathymetric range he consid-

ered. Lucifer typus is usually found offshore

(>180 m bottom depth), but occasionally is

collected in shallower waters (Bowman and

McCain 1967). Bowman and McCain
(1967) provided information on diagnostic

characters.

Known range.—Western Atlantic: New-
foundland; east coast of United States

(Maine to Florida); Sargasso Sea; Brazil;

Eastern Atlantic: Mediterranean Sea; Cape
of Good Hope; east coast of South Africa;

East-Cental Pacific: Baja California; Gulf

of California to north of 4°; Indo-West Pa-

cific: Bay of Bengal; Philippines; Queens-

land, Australia (Abele and Kim 1986, Perez

Farfante & Kensley 1997, D'Incao 1998).

Family Sergestidae Dana, 1852

Remarks.—Perez Farfante & Kensley

(1997) provided family and generic diag-

noses and illustrations of diagnostic char-

acters.

Acetes americanus carolinae Hansen,

1933

Remarks.—Perez Farfante and Kensley

(1997) considered subspecific designation

valid.

Known range.—Western Atlantic: lower

Chesapeake Bay through Gulf of Mexico to

Panama; Suriname; French Guiana (Wil-

liams 1984, Perez Farfante and Kensley

1997).

Suborder Pleocyemata Burkenroad, 1963

Infraorder Stenopodidea Claus, 1872

Family Stenopodidae Claus, 1872

Stenopus hispidus (Olivier, 1811)

Known range.—Western Atlantic: Ber-

muda; North Carolina to southern Florida,

through the Gulf of Mexico to Fernando de

Noronha and Espirito Santo, Brazil (Wil-

hams 1984, Coelho & Ramos-Porto 1998a);

Central Pacific: Hawaii; Indo-West Pacific:

Durban, South Africa; Red Sea; Japan;

western Australia; eastern Australia through

New Caledonia; New Hebrides; Lord Howe
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Island; northern New Zealand to Tuamotu

Archipelago (Williams 1984).

Stenopus scutellatus Rankin, 1898

Known range.—Western Atlantic: Ber-

muda; South Carolina; Gulf of Mexico to

Fernando de Noronha and Rio Grande do

Norte, Brazil (Williams 1984, Coelho &
Ramos-Porto 1998a).

Infraorder Caridea Dana, 1852

Superfamily Pasiphaeoidea Dana, 1852

Family Pasiphaeidae Dana, 1852

Remarks.—Subgeneric designations

within Leptochela are considered valid by

Holthuis (1993).

Leptochela {Leptochela) papulata Chace,

1976

Known range.—Western Atlantic:

Georges Bank, off Massachusetts; North

Carolina to Georgia; eastern Gulf of Mex-
ico (WiUiams 1984).

Leptochela {Leptochela) serratorbita Bate,

1888

Known range.—Western Atlantic: Beau-

fort, North Carolina, to South Carolina;

western Gulf of Mexico; Florida Keys to

Leeward Islands; Amapa to Pernambuco,

and Sao Paulo, Brazil (Williams 1984, Ra-

mos-Porto & Coelho 1998).

Leptochela {Proboloura) carinata

Ortmann, 1893

Known range.—Western Atlantic:

Georges Bank, off Massachusetts; South

Carolina; Gulf of Mexico, through Baha-

mas to Alagoas, Brazil (Williams 1984, Ra-

mos-Porto & Coelho 1998).

Pasiphaea multidentata Esmark, 1866

Known range.—Western Atlantic: south-

east of Greenland to Cape Cod, Massachu-

setts, including Gulf of St. Lawrence and

Gulf of Maine; Eastern Atlantic: Iceland;

Norway to British Isles; Bay of Biscay;

Mediterranean to Adriatic (Williams 1984,

Squires 1990).

Superfamily Bresilioidea Caiman, 1896

* Family Disciadidae Rathbun, 1902

Remarks.—Martin & Davis (2001) rec-

ognized the family Disciadidae. Species of

Discias were previously considered part of

the Bresihidae (WiUiams 1984).

Discias atlanticus Gurney, 1939

Remarks.—Criales & Lemaitre (1997)

reported the discovery of this species in-

habiting tubes of the polychaete Chaetop-

terus variopedatus. This represents the first

reported occurrence of this symbiotic rela-

tionship for these species. These authors

also discussed morphological sexual dimor-

phism.

Known range.—Western Atlantic: Ber-

muda; Savannah, Georgia; Fort Pierce,

Florida; Gulf of Mexico; Guadeloupe; Co-

lombia; Maranhao and Ceara, Brazil (Ken-

sley 1983, WilHams 1984, Criales & Le-

maitre 1997, Ramos-Porto & Coelho 1998);

Eastern Atlantic: Cape Verde Islands; Ga-

bon (Williams 1984); Indian Ocean:

northern Kenya (Williams 1984); Red Sea;

Western Pacific: Great Barrier Reef, Aus-

tralia (Kensley 1983).

Discias vernbergi Boothe & Heard,

1987

Remarks.—Boo\hQ & Heard (1987:506)

described this species and provided a di-

agnosis, illustrations, and size and sexual

maturity information. This species occurs at

54-74 m (Boothe & Heard 1987).

Known range.—Western Atlantic: Geor-

gia; eastern Gulf of Mexico (west Florida)

(Boothe & Heard 1987).

Superfamily Palaemonoidea Rafinesque,

1815

Family Anchistioididae Borradaile,

1915

Anchistioides antiguensis (Schmitt, 1924)

Remarks.—This species was listed under

family Palaemonidae, subfamily Pontoni-
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inae, in Williams (1984). Chace (1992) pro-

vided evidence for familial separation of

Anchistioides; Holthuis (1993) also adopted

this arrangement.

Known range.—Western Atlantic: Ber-

muda; South Carolina; west Florida through

West Indies to Maranhao, Pernambuco, and

Alagoas, Brazil (Williams 1984, Ramos-

Porto & Coelho 1998).

Family Gnathophyllidae Dana, 1852

Gnathophyllum modestum Hay, 1917

Known range.—Western Atlantic: Beau-

fort, North Carolina; Biscayne Bay, Florida

(Williams 1984).

Family Palaemonidae Rafinesque, 1815

Subfamily Palaemoninae Rafinesque, 1815

Remarks.—Subgeneric designations

within Palaemonetes are considered valid

by Holthuis (1993).

Brachycarpus biunguiculatus

(Lucas, 1849)

Remarks.—This species occurs from
shallow water to 105 m (Ramos-Porto &
Coelho 1998).

Known range.—Western Atlantic: Ber-

muda; Cape Fear, North Carolina; western

Gulf of Mexico through West Indies to Cu-

ra9ao and Old Providence Island (Williams

1984); Amapa to Espirito Santo and Fer-

nando de Noronha Archipelago, Brazil (Ra-

mos-Porto & Coelho 1998); Eastern Atlan-

tic: Mediterranean; West Africa; Eastern

Pacific: west American coast; Indo-Pacific

(WiUiams 1984).

Leander tenuicomis (Say, 1818)

Known range.—Western Atlantic: New-
foundland Banks to Falkland Islands; trop-

ical and subtropical waters worldwide ex-

cept for west coast of Americas (Williams through Nova Scotia to Corpus Christi,

Macrobrachium acanthurus

(Wiegmann, 1836)

Known range.—Western Atlantic: Neuse

River estuary. North Carolina, to Rio
Grande do Sul, Brazil (Williams 1984, Ra-

mos-Porto & Coelho 1998).

Macrobrachium carcinus (Linnaeus, 1758)

Known range.—Western Atlantic: St.

Augustine, St. Johns County and Silver

Glen Springs, Marion County, Florida, to

Rio Grande do Sul, Brazil, including Gulf

of Mexico and Caribbean Sea (Williams

1984, Ramos-Porto & Coelho 1998).

Macrobrachium ohione (Smith, 1874)

Known range.—Western Atlantic: James

River, Hopewell, Virginia, to southern

Georgia; coastal Alabama to Aransas Bay,

Texas; Freshwater: Mississippi River and

tributaries upstream to McCurtain County,

Oklahoma; Fort Smith, Arkansas; St. Louis,

Missouri; Washington County, Ohio (Wil-

hams 1984).

Macrobrachium olfersii (Wiegmann, 1836)

Known range.—Western Atlantic: lower

Cape Fear River, North Carolina; Florida;

Louisiana; Texas; Veracruz, Mexico, to Rio

Grande do Sul, Brazil (WilUams 1984, Ra-

mos-Porto & Coelho 1998).

Palaemonetes {Palaemonetes) intermedius

Holthuis, 1949

Known range.—Western Atlantic: Vine-

yard Sound, Massachusetts, to Port Aransas

Texas; Bahia de la Ascension, Quintana

Roo, Mexico (Wilhams 1984).

Palaemonetes {Palaemonetes) pugio

Holthuis, 1949

Known range.—Western Atlantic: Verte

River, west of St. Modeste, Quebec,

1984). Texas; Matamoros, Tamaulipas, to Campe-
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che, Mexico (Williams 1984, Squires 1990,

Rodriguez-Almaraz et al. 2000).

Palaemonetes (Palaemonetes) vulgaris

(Say, 1818)

Known range.—Western Atlantic: south-

ern Gulf of St. Lawrence to Cameron Coun-

ty, Texas; Rio Champoton and near Progre-

so, Yucatan, Mexico (Williams 1984,

Squires 1990).

Subfamily Pontoniinae Kingsley, 1878

Remarks.—Subgeneric designations

within Periclimenes are considered valid by

Holthuis (1993).

Neopontonides beaufortensis

(Borradaile, 1920)

Known range.—Western Atlantic: Beau-

fort, North Carolina, to Grand Isle, Louisi-

ana; Caledonia Bay, Panama; Antigua (Wil-

liams 1984).

Periclimenaeus schmitti Holthuis, 1951

Known range.—Western Atlantic: Bogue
Sound, Black Rocks off New River and

Lockwoods Folly River, North Carolina;

Dry Tortugas, Florida (Williams 1984).

Periclimenaeus wilsoni (Hay, 1917)

Known range.—Western Atlantic: Beau-

fort, North Carolina; Sapelo Island, Geor-

gia; Loggerhead Key, near Dry Tortugas;

Franklin County, Florida (Williams 1984).

* Periclimenes (Harpilius) americanus

(Kingsley, 1878)

Periclimenes americanus (Kingsley).—Wil-

liams, 1984:83.

Known range.—Western Atlantic: Beau-

fort, North Carolina, to western Gulf of

Mexico, through West Indies to Aruba;

Amapa to Pernambuco, Espirito Santo and

Sao Paulo, Brazil (Williams 1984, Ramos-
Porto & Coelho 1998).

* Periclimenes (Periclimenes) iridescens

Lebour, 1949

Periclimenes iridescens Lebour.—Williams,

1984:85.

Known range.—Western Atlantic: Ber-

muda; off Cape Hatteras, North Carolina;

southern and northwestern Florida; Tobago;

Cubagua Island, Venezuela (Williams

1984).

* Periclimenes (Periclimenes)

longicaudatus (Stimpson, 1860)

Periclimenes longicaudatus (Stimpson).

—

Williams, 1984:86.

Known range.—Western Atlantic: Cape
Hatteras, North Carolina, to southwestern

Florida; West Indies to Sao Paulo, Brazil

(Williams 1984).

* Periclimenes (Periclimenes) pedersoni

Chace, 1958

Periclimenes pedersoni Chace.—Williams,

1984:87.

Known range.—Western Atlantic: off

Cape Lookout, North Carolina; off north-

west Florida (?); Bahamas through West In-

dies to Bonaire; Belize (Williams 1984).

Pontonia domestica Gibbes, 1850

Known range.—Western Atlantic: Atlan-

tic Beach near Beaufort Inlet, North Caro-

lina, through Gulf of Mexico to South Pa-

dre Island, Texas; Bahamas; Caribbean

coast of Costa Rica (Williams 1984, Strenth

& Chace 1995, Vargas & Cortes 1999);

Eastern Atlantic: Madeira (Williams 1984).

Pontonia manningi Fransen, 2000

Remarks.—Fransen (2000:101) de-

scribed this species and provided illustra-

tions, size, color, and host information. This

species is found at shallow depths to 80 m
(Fransen 2000).

Known range.—Western Atlantic: North

Carolina to Caribbean Sea; Gulf of Mexico;
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Eastern Atlantic: Canary Islands; Cape
Verde Islands (Fransen 2000).

Superfamily Alpheoidea Rafinesque, 1815

Family Alpheidae Rafinesque, 1815

Alpheus angulosus. McClure, 2002

Alpheus angulatus McClure, 1995.

Remarks.—McClure (1995:85) described

this species and provided a diagnosis, illus-

trations, color, size, and habitat information.

McClure (2002) provided a replacement

name (A. angulosus) for this species be-

cause angulatus had previously been used

by Coutiere (1905) for a subspecies of Al-

pheus (A. strenuus var. angulatus) from the

Indo-Pacific. Comparisons of morphologi-

cal variation among species, including A.

angulosus, of the edwardsii group of Al-

pheus occurring in the northern Gulf of

Mexico and northwestern Atlantic were

provided in McClure (1995) and McClure

& Wicksten (1997).

Known range.—Western Atlantic: Beau-

fort, North Carolina, to Quintana Roo,

Mexico, including northern Gulf of Mexi-

co; Haiti (McClure 1995).

Alpheus armillatus H. Milne Edwards,

1837

Known range.—Western Atlantic: Ber-

muda; North Carolina through Gulf of

Mexico and West Indies to Santa Catarina,

Brazil (Williams 1984, Christoffersen

1998).

Alpheus estuariensis Christoffersen,

1984

/e^mary^^.—Christoffersen (1984:191)

described this species and provided illustra-

tions, color description, and ecological in-

formation. This species occurs from the in-

tertidal region to depths of 22 m (Christof-

fersen 1984).

Known range.—Western Atlantic: east

coast of Florida (near Jacksonville and In-

dian River region); northern Gulf of Mex-
ico; Cuba; Dominican Republic; Trinidad;

Cura9ao; Ceara to Parana, Brazil (Christof-

fersen 1984, 1998; McClure & Wicksten

1997). Christoffersen (1998) reported that

his earlier records (Christoffersen 1984) of

A. estuariensis in the Gulf of Mexico are

actually A. angulatus (= A. angulosus, see

above). However, McClure & Wicksten

(1997) have reported A. estuariensis occur-

ring in the northern Gulf of Mexico.

Alpheus formosus Gibbes, 1850

Known range.—Western Atlantic: Ber-

muda; near Beaufort, North Carolina,

through Gulf of Mexico and West Indies to

Sao Paulo, Brazil (Williams 1984, Chris-

toffersen 1998).

Alpheus heterochaelis Say, 1818

Remarks.—McClure (1995) redescribed

this species and designated a neotype to

clarify taxonomic confusion surrounding

this species. Comparisons of morphological

variation among species, including A. het-

erochaelis, of the edwardsii group of Al-

pheus occurring in northern Gulf of Mexico

and northwestern Atlantic were provided in

McClure (1995) and McClure & Wicksten

(1997).

Known range.—Western Atlantic: lower

Chesapeake Bay to Aransas County, Texas;

Bermuda; Cuba; Curasao; Suriname; Para

to Paraiba, Brazil (Williams 1984, McClure

1995, Christoffersen 1998).

Alpheus normanni Kingsley, 1878

Remarks.—Based on material examined

from both western Atlantic and eastern Pa-

cific locations, Kim & Abele (1988) con-

cluded that variation between Pacific and

Atlantic forms of A. normanni was suffi-

cient to recognize two species. This deci-

sion has not gained universal acceptance

since A. normanni continues to be used for

the Atlantic form. If A. normanni is restrict-

ed to the eastern Pacific as suggested by

Kim & Abele (1988), then western Atlantic

specimens would be known as A. packardii
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Kingsley, 1880 (Christoffersen 1998). Fur-

ther research is needed to resolve this tax-

onomic question.

Known range.—Western Atlantic:

around Cape Charles, Virginia, and lower

Chesapeake Bay through Gulf of Mexico
and West Indies to Sao Paulo, Brazil; Ber-

muda; Eastern Pacific: Gulf of California;

Panama (Williams 1984, Christoffersen

1998).

* Automate dolichognatha De Man, 1888

Automate gardineri Coutiere.—Williams,

1984:100.

Remarks.—Chace (1988) placed A.

gardineri and three other nominal species

in the synonymy of 'the variable and wide-

ranging' A. dolichognatha.

Known range.—Western Atlantic: Beau-

fort Inlet, North Carolina; Yucatan; Virgin

Islands; Barbados; Rio de Janeiro, Brazil;

Indo-Pacific: Red Sea to Samoa (Williams

1984, Christoffersen 1998). Chace (1988)

considered the range to be pantropical, ex-

cept for the eastern Atlantic.

Automate evermanni Rathbun, 1901

Known range.—Western Atlantic: Vir-

ginia to Texas; Puerto Rico; Sao Paulo and

Rio Grande do Sul, Brazil; Eastern Atlantic:

Cape Verde Islands; Liberia to Nigeria

(Williams 1984, Chace 1988, Christoffersen

1998).

Leptalpheus forceps Williams, 1965

Known range.—Western Atlantic: North

Carolina to Sergipe, Brazil (Williams 1984,

Christoffersen 1998).

Synalpheus fritzmuelleri Coutiere, 1909

Known range.—Western Atlantic: Ber-

muda; Beaufort, North Carolina, to Santa

Catarina, Brazil (Williams 1984, Christof-

fersen 1998); South Adantic: St. Helena Is-

land; Eastern Pacific: Baja California (Wil-

Hams 1984).

Synalpheus longicarpus (Herrick, 1891)

Known range.—Western Atlantic: Beau-

fort, North Carolina, to west Flower Garden

Reef, southeast of Galveston, Texas; Yu-

catan, Mexico through West Indies to Rio

de Janeiro, Brazil (Williams 1984, Chris-

toffersen 1998).

Synalpheus minus (Say, 1818)

Known range.—Western Atlantic: Ber-

muda; Cape Hatteras, North Carolina, to

Sao Paulo, Brazil (Williams 1984, Chris-

toffersen 1998).

Synalpheus townsendi Coutiere, 1909

Known range.—Western Atlantic: Ber-

muda; Beaufort, North Carolina, to Rio de

Janeiro, Brazil; Rocas Atoll, Brazil (Wil-

liams 1984, Christoffersen 1998); Eastern

Pacific: Gulf of California (Williams 1984).

Family Hippolytidae Dana, 1852

Bythocaris nana Smith, 1885

Remarks.—This species was considered

extralimital by Williams (1984). Abele &
Martin (1989) redescribed the species, and

provided illustrations and developmental

notes. Bythocaris nana occurs at 79-1175

m depth and is not common (Abele & Mar-

tin 1989).

Known range.—Western Atlantic: Mar-

tha's Vineyard, Massachusetts, to southern

Florida; northeastern Gulf of Mexico
(Abele & Martin 1989).

Caridion gordoni (Bate, 1858)

Remarks.—Williams (1984) considered

this species to be extralimital. Squires

(1990) provided a description and illustra-

tions. This species occurs at 5-421 m depth

(Williams & Wigley 1977).

Known range.—Western Atlantic: south-

western Newfoundland to Chesapeake Bay;

North Atlantic: Iceland; Eastern Atlantic:

northern Europe to Bay of Biscay (Williams

1984, Squires 1990).
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Eualus fabricii (Kr0yer, 1841)

Known range.—Western Atlantic: Hud-

son Bay, Foxe Basin, and northwestern

Greenland to Cape Cod; North Pacific:

Chukchi Sea; Bering Sea to British Colum-

bia; Western Pacific: Sea of Okhotsk to Sea

of Japan (WiUiams 1984, Squires 1990).

Eualus gaimardii

(H. Milne Edwards, 1837)

Remarks.—Squires (1990) recognized

two subspecies, E. g. gaimardii and E. g.

belcheri, both of which show considerable

variation in diagnostic features and overlap

completely in distribution. Williams (1984),

however, believed that observed morpho-

logical variation was not sufficient to war-

rant recognition of more than one species

among this material.

Known range.—Western Atlantic:

Greenland and Baffin Island to Cape Cod;

Eastern Atlantic: Spitsbergen to North Sea;

Arctic Ocean: Point Barrow to Siberia;

North Pacific: south to Sitka, Alaska (Wil-

liams 1984, Squires 1990).

Eualus pusiolus (Kr0yer, 1841)

Known range.—Western Atlantic: Gulf

of St. Lawrence to Cape Henry, Virginia;

Northeastern Atlantic: Iceland; Murman
Sea to Channel Islands, southward along

Bay of Biscay to Spain; Catalonian coast of

Spain; North Pacific: Chukchi and Bering

seas to British Columbia and Washington;

Western Pacific: Sea of Okhotsk and Sea of

Japan (Williams 1984, Squires 1990).

Exhippolysmata oplophoroides

(Holthuis, 1948)

Remarks.—This species occurs over a

bathymetric range of 5-45 m (Rodriguez

1993, Caetano da Costa et al. 2000).

Known range.—Western Atlantic: Cape
Fear, North Carohna, to Port Aransas, Tex-

as; Guyana to northern Uruguay (WilHams

1984, Caetano da Costa et al. 2000).

Hippolyte coerulescens (Fabricius, 1775)

Known range.—Tropical and subtropical

Atlantic Ocean, including south of the

Grand Banks in the Gulf Stream; and Sar-

gasso Sea (Wilhams 1984, Squires 1990).

* Hippolyte obliquimanus Dana, 1852

Hippolyte curacaoensis Schmitt.—Wil-

liams, 1984:117.

Remarks.—Udekem d'Acoz (1997) ex-

amined topotypic specimens of Hippolyte

obliquimanus Dana and H. exilirostratus

Dana and determined that these two nomi-

nal species are identical. He also concluded

that H. curacaoensis Schmitt is conspecific

with H. obliquimanus. Udekem d'Acoz

(1997) redescribed H. obliquimanus based

on this new information.

Known range.—Western Atlantic: Beau-

fort and Sneads Ferry, North Carolina;

Puerto Rico; West Indies from Cuba to Cu-

rasao; Venezuela to Santa Catarina, Brazil

(Williams 1984, Udekem d'Acoz 1997,

Christoffersen 1998).

Hippolyte pleuracanthus (Stimpson, 1871)

Known range.—Western Atlantic: Con-

necticut to North Carolina (Williams 1984).

Hippolyte zostericola (Smith, 1873)

Known range.—Western Atlantic: south-

ern Massachusetts; Bermuda; North Caro-

lina to Yucatan; Trinidad; Curasao; Ceara,

Brazil (Williams 1984, Christoffersen

1998). Christoffersen (1998) noted that pre-

viously reported occurrences of this species

in Brazil may actually refer to H. obliqui-

manus.

Latreutes fucorum (Fabricius, 1798)

Known range.—Western Atlantic: New-
foundland to Brazil (Pernambuco to Bahia),

including Gulf of Mexico south to Bahia de

la Ascension, Quintana Roo, Mexico; East-

ern Atlantic: Azores; Cape Verde Islands
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(Williams 1984, Christoffersen 1998, Rod-

riguez-Almaraz et al. 2000).

Latreutes parvulus (Stimpson, 1 866)

Known range.—Western Atlantic: Beau-

fort, North Carolina, to Buenos Aires, Ar-

gentina; Eastern Atlantic: West Africa (Wil-

liams 1984, Christoffersen 1998).

Lebbeus groenlandicus (Fabricius, 1775)

Known range.—Western Atlantic: Hud-

son Bay to Greenland, southward to Rhode
Island; North Pacific: Arctic Canada, south-

ern Chukchi Sea through Bering Sea to Pu-

get Sound; Western Pacific: Okhotsk Sea

southward to Vladivostok (Williams 1984,

Squires 1990).

* Lebbeus microceros (Kr0yer, 1841)

Lebbeus zebra (Leim).—Williams, 1984:

125.

Remarks.—Holthuis (1947) recognized

both L. microceros and L. zebra as valid

species. Couture & Trudel (1968) noted

great similarity between these nominal spe-

cies and commented that they might be syn-

onymous, but rarity of material prevented

an adequate evaluation of these taxa (Wil-

liams 1984). Squires (1990) placed L. zebra

into the synonymy of L. microceros without

comment or explanation for this action.

Chace (1997) also listed L. zebra in the syn-

onymy of L. microceros.

Known range.—Western Atlantic: South-

ern Greenland; Foxe Basin; Ungava Bay;

Newfoundland to New Brunswick, includ-

ing Gulf of St. Lawrence to southeast of

Isles of Shoals; North Pacific: possibly

from Bering Sea to Kamchatka; Eastern Pa-

cific: Checleset Bay, Vancouver Island

(Williams 1984, Squires 1990).

Lebbeus polaris (Sabine, 1824)

Known range.—Circumarctic; Western

Atlantic: southward to Chesapeake Bay;

North Pacific: Okhotsk Sea; Bering Sea to

British Columbia; Eastern Atlantic: Arctic

to the Hebrides (Williams 1984, Squires

1990).

Lysmata rathbunae Chace, 1970

Known range.—Western Atlantic: Ber-

muda; Cape Fear, North Carolina; east coast

of Florida to Yucatan; Venezuela (Williams

1984).

Lysmata wurdemanni (Gibbes, 1850)

Known range.—Western Atlantic: New
Jersey to Port Aransas, Texas; Suriname;

French Guiana; Ceara and Bahia to Rio

Grande do Sul, Brazil (WiUiams 1984,

Christoffersen 1998).

Spirontocaris liljeborgii

(Danielssen, 1859)

Known range.—Western Atlantic: Foxe

Channel and Davis Strait; Greenland, to off

Delaware Bay; Northeastern Atlantic: Ice-

land; Spitsbergen; Murman coast to south

coast of England; west and southwestern

Ireland; Arctic: Alaska (Williams 1984,

Squires 1990).

Spirontocaris phippsii (Kr0yer, 1841)

Known range.—Circumarctic; Western

Atlantic: Cornwallis Island; Hudson Bay to

Martha's Vineyard; North Atlantic: Spits-

bergen to southern Norway; Britain; Arctic:

north of Siberia; Beaufort Sea; North Pa-

cific: Bering Sea to Siberian east coast;

Shumagin Islands, Alaska (Williams 1984,

Squires 1990).

Spirontocaris spinus (Sowerby, 1805)

Known range.—Circumarctic; Western

Atlantic: Hudson Bay; Foxe Basin; Green-

land, southward to Massachusetts Bay;

North Atlantic: Spitsbergen to northern

North Sea and Irish Sea; North Pacific: Plo-

ver Bay, Siberia; Bering Sea; Shumagin Is-

lands, Alaska; Puget Sound, Washington;

Western Pacific: Okhotsk Sea; Sea of Japan

(WiUiams 1984, Squires 1990).
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Thor dobkini Chace, 1972

Known range.—Western Atlantic: off

Shackleford Bank, North Carolina, to Yu-

catan; Louisiana; north coast of Cuba (Wil-

liams 1984).

Thor floridanus Kingsley, 1878

Known range.—Western Atlantic: Black

Rocks off New River, North CaroHna (?),

to Yucatan (Williams 1984).

Thor manningi Chace, 1972

Known range.—Western Atlantic: Beau-

fort, North Carolina, to Yucatan, through

West Indies to Cura9ao; Brazil (Paraiba,

Bahia, and Sao Paulo); Eastern Pacific: Is-

las Tres Marias, Mexico (Williams 1984,

Christoffersen 1998).

Tozeuma carolinense Kingsley, 1878

Known range.—Western Atlantic: Vine-

yard Sound, Massachusetts, to Colon, Pan-

ama, including Gulf of Mexico; through

West Indies to Cura9ao; Paraiba to Alagoas

and Sao Paulo, Brazil (Williams 1984,

Christoffersen 1998).

Tozeuma serratum A. Milne-Edwards,

1881

Known range.—Western Atlantic: Non-
amesset Island, Massachusetts; off Cape
Hatteras and Cape Lookout, North Caroh-

na; Cape Canaveral; extreme southern and

northwestern Florida; Barbados; Colombia;

off Rio de Janeiro and Sao Paulo, Brazil

(WilHams 1984, Christoffersen 1998).

Trachycaris rugosa (Bate, 1888)

Remarks.—Based on available informa-

tion, Williams (1984) presumed this species

to occur beyond the southern limits of the

region. However, Criales (1992) recorded T.

rugosa from southern areas within this re-

gion. Criales (1992) provided a redescrip-

tion of the species, illustrations, and com-

mented on color, interspecific comparisons,

and sexual dimorphism.

Known range.—Western Atlantic: South

Carolina through the Gulf of Mexico; Ca-

ribbean Sea to Santa Marta, Colombia (Cri-

ales 1992).

Family Ogyrididae Holthuis, 1955

Ogyrides alphaerostris (Kingsley, 1880)

Known range.—Western Atlantic: Vir-

ginia to Rio Grande do Sul, Brazil, includ-

ing Gulf of Mexico (WiUiams 1984, Chris-

toffersen 1998).

Ogyrides hayi Williams, 1981

Known range.—Western Atlantic: Beau-

fort, North Carolina, to Sebastian Inlet,

Florida; northwestern Florida to Mississip-

pi; Puerto Rico; Pernambuco and Sao Pau-

lo, Brazil (Williams 1984, Christoffersen

1998).

Superfamily Processoidea Ortmann,

1890

Remarks.—Previously the family Proces-

sidae was placed in the superfamily Al-

pheoidea (Williams 1984). Chace (1992)

erected the superfamily Processoidea,

which consists of a single family (Proces-

sidae). Holthuis (1993) also adopted this ar-

rangement.

Family Processidae Ortmann, 1890

Nikoides schmitti Manning & Chace, 1971

Known range.—Western Atlantic: east of

Cape Lookout, North Carolina; Biscayne

Bay and Dry Tortugas, Florida; Guade-

loupe; the Guianas (Williams 1984).

Processa bermudensis (Rankin, 1900)

Known range.—Western Atlantic: Ber-

muda; Cape Hatteras, North Carolina, to

northwestern Florida; Veracruz, Mexico;

Cuba; Puerto Rico; Guadeloupe; Venezuela;

Bahia, Rio de Janeiro and Parana, Brazil

(Williams 1984, Christoffersen 1998).
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Processa fimbriata Manning & Chace,

1971

Known range.—Western Atlantic: off

New River, North Carolina, to Rio de Ja-

neiro, Brazil (Williams 1984, Christoffersen

1998).

Processa guyanae Holthuis, 1959

Known range.—Western Atlantic: Cape
Hatteras, North Carolina, to eastern Gulf of

Mexico, including northern coast of Cuba;

Suriname to Uruguay (Williams 1984,

Christoffersen 1998).

Processa hemphilli Manning & Chace,

1971

Known range.—Western Atlantic: east of

Cape Lookout and Bogue Sound, North

Carolina; east coast of Florida; northwest

Florida; Guadeloupe; Brazil to Buenos Ai-

res (Williams 1984, Christoffersen 1998).

Processa profunda Manning & Chace,

1971

Known range.—Western Atlantic: south-

east of Cape Hatteras, North Carolina; off

South Carolina; Gulf of Mexico, off south-

ern and western Florida; Suriname to Uru-

guay (WiUiams 1984, Christoffersen 1998).

Processa vicina Manning & Chace, 1971

Known range.—Western Atlantic: south-

east of Cape Lookout, North Carolina;

northwest Florida; off Isla Margarita, Ve-

nezuela (WiUiams 1984).

Superfamily Pandaloidea Haworth, 1825

Remarks.—Christoffersen (1989) pro-

posed a phytogeny of this taxon.

Family Pandalidae Haworth, 1825

* Atlantopandalus propinqvus

(G.O. Sars, 1870)

Pandalus propinquus G.O. Sars.—Wil-

liams, 1984:156.

Remarks.—In his revision of the genus

Pandalus, Komai (1999) transferred Pan-

dalus propinqvus to a monotypic genus At-

lantopandalus; a description was provided.

Additionally, Komai (1999) stated that G.O.

Sars consistently spelled the name of this

species as 'propinqvus' in the original de-

scription and that this spelling should be

used. This species occurs at depths of 20-

2180 m (Komai 1999).

Known range.—Western Atlantic:

Greenland; Davis Strait to Delaware Bay,

including Gulf of St. Lawrence and Gulf of

Maine; North Atlantic: Iceland; Eastern At-

lantic: Norway to the British Isles; Bay of

Biscay (Komai 1999).

Dichelopandalus leptocerus (Smith, 1881)

Known range.—Western Atlantic: Gulf

of St. Lawrence and St. Mary's Bay, New-
foundland, to off Oregon Inlet, North Car-

olina; North Pacific: Shumagin Bank, Alas-

ka (Williams 1984, Squires 1990).

Heterocarpus ensifer

A. Milne-Edwards, 1881

Remarks.—Diagnostic characters of this

species were reported in Crosnier & Forest

(1973), Chace (1985), and Rodriguez

(1993). This species occurs on muddy bot-

toms usually at 200-885 m (Chace 1985),

but may be found at shallower depths (140

m; Rodriguez 1993).

Known range.—Western Atlantic: North

Carolina to the Guianas, including the Gulf

of Mexico and Caribbean Sea; Brazil (Cha-

ce 1985, Rodriguez 1993, Ramos-Porto &
Coelho 1998).

Pandalus borealis Kr0yer, 1838

Remarks.—The geographic range of

Pandalus borealis has been reported as

Arctic boreal in both Atlantic and Pacific

oceans (Williams 1984). Recent studies

(Squires 1992, Komai 1999) have demon-

strated that morphological differences be-

tween Atlantic and Pacific 'varieties' were
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sufficient to warrant full species rank for

both. Pandalus borealis is restricted to the

Atlantic Ocean and considered a geminate

species of P. eous Makarov from Pacific

localities (Squires 1992).

Known range.—Western Atlantic: west-

ern Greenland to Gulf of Maine; North At-

lantic: Barents Sea to the North Sea (Komai

1999).

Pandalus montagui Leach, 1814

Known range.—Arctic-boreal; Western

Atlantic: Greenland and Hudson Bay to

Rhode Island; North Atlantic: Iceland;

White Sea; Eastern Atlantic: Norway to the

western Baltic; North Sea; British Isles

(WiUiams 1984, Squires 1990).

Pantomus parvulus A. Milne-Edwards,

1883

Known range.—Western Atlantic: Cape
Lookout, North Carolina, to Yucatan;

Puerto Rico; St. Croix; Suriname; Uruguay

(WiUiams 1984, Christoffersen 1989).

Plesionika edwardsii (Brandt, 1851)

Remarks.—Chan & Yu (1991) provided

a diagnosis, color description, and interspe-

cific comparisons. This species occurs on

muddy bottoms at depths of 50-690 m
(Rodriguez 1993), commonly at 200-400

m (Chan & Yu 1991).

Known range.—Western Atlantic: Vir-

ginia to Gulf of Mexico; Eastern Atlantic:

Mediterranean to Angola; Indo-Pacific

(Chan & Yu 1991).

Plesionika martia

(A. Milne-Edwards, 1883)

Remarks.—Williams (1984) considered

this species to be extralimital. This species

occurs at 165-2100 m depth (Williams &
Wigley 1977).

Known range.—Western Atlantic: south

of Nantucket, Massachusetts, to Brazil;

Bermuda; Eastern Atlantic: southwest Ire-

land; Bay of Biscay to southern Africa;

Mediterranean Sea; Central Pacific: Hawaii;

Indo-Pacific: East Africa to Japan, includ-

ing Gulf of Aden; New Zealand; southeast-

ern Australia (Williams & Wigley 1977).

Plesionika tenuipes (Smith, 1881)

Remarks.—Williams (1984) considered

this species to be extralimital. This species

occurs at 159-476 m depth (Williams

1984).

Known range.—Western Atlantic: Rhode
Island to southern Florida; Gulf of Mexico
(Williams 1984).

* Plesionika willisi

(L. H. Pequegnat, 1970)

Parapandalus willisi L. H. Pequegnat.

—

WilUams, 1984:484.

Remarks.—Williams (1984) considered

this species to be extralimital. Chace (1985)

placed Parapandalus into the synonymy of

Plesionika. This species occurs at 150-500

m depth (Williams & Wigley 1977).

Known range.—Western Atlantic: south

of Martha's Vineyard, Massachusetts; Gulf

of Mexico to French Guiana (Williams &
Wigley 1977).

Superfamily Crangonoidea Haworth, 1825

Family Crangonidae Haworth, 1825

Argis dentata (Rathbun, 1902)

Remarks.—Komai (1997) evaluated the

systematics of this species and several con-

geners to clarify their taxonomic status. In

this study, he also provided a detailed de-

scription, illustrations, color, size and com-

parative information for A. dentata.

Known range.—Arctic-boreal; Western

North Atlantic: northwest Greenland; Hud-

son Bay; Canadian Arctic islands to Nova
Scotia; North Pacific: Bering Sea to Sitka,

Alaska; southeast coast of Kamchatka;

northern Okhotsk Sea (Komai 1997).

* Crangon (Crangon) septemspinosa Say,

1818

Crangon septemspinosa Say.—Williams,

1984:159.
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Remarks.—Subgeneric designation con-

sidered valid by Holthuis (1993).

Known range.—Primarily subarctic-bo-

real; Western Atlantic: northern Gulf of St.

Lawrence to east Florida (Williams 1984,

Squires 1990). Squires (1990) restricted the

geographic range to the north Atlantic.

* Philocheras gorei (Dardeau, 1980)

Pontophilus gorei Dardeau.—Williams,

1984:161.

Remarks.—Chace (1984) provided mor-

phological evidence for recognizing Phil-

ocheras as a valid genus and removed it

from the synonymy of Pontophilus. Chris-

toffersen's (1988) phylogenetic analysis

supported this arrangement. Bathymetric

range was reported as 59-194 m (Christof-

fersen 1998).

Known range.—Western Atlantic: central

Georgia; central eastern Florida; Gulf of

Mexico (southwestern Florida, Cape San

Bias and Padre Island, Texas); Rio de Ja-

neiro, Brazil; Uruguay (Dardeau & Heard

1983, Williams 1984, Christoffersen 1988).

Pontophilus brevirostris Smith, 1881

Known range.—Western Atlantic: Gulf

of Maine to eastern Gulf of Mexico, off

Dry Tortugas, Florida; Cuba (Williams

1984).

Pontophilus norvegicus (M. Sars, 1861)

Known range.—Western Atlantic:

Greenland to Maryland; North Atlantic:

Iceland; Spitsbergen; Murman coast; East-

ern Atlantic: northwestern Europe, includ-

ing British Isles to Bay of Biscay; and Bal-

earic Islands (Williams 1984, Squires

1990).

Sabinea sarsii Smith, 1879

Known range.—Western Atlantic: Davis

Strait to southeast of Nantucket, Massachu-

setts; North Atlantic: Iceland; Eastern At-

lantic: northern Europe (Williams 1984,

Squires 1990).

Sabinea septemcarinata (Sabine, 1824)

Known range.—Western Atlantic: Hud-

son Bay and Greenland to Massachusetts

Bay; Arctic-North Atlantic: Iceland (except

south coast), Kara, White and Barents seas;

Wrangel Island; Eastern Atlantic: north of

Faroes; Norway (north of 67°N); British

Isles; North Pacific: Arctic Canada and

Alaska to Point Barrow and Chukchi Sea

(Williams 1984, Squires 1990).

Sclerocrangon boreas (Phipps, 1774)

Known range.—Western Atlantic: Hud-

son Bay; east and west Greenland south to

Cape Cod; Arctic-North Atlantic: Iceland;

Spitsbergen; Kara and White seas; Franz

Joseph Land; Novaya Zemlya; Eastern At-

lantic: Faroes; Norway (north of approxi-

mately 67°N); Arctic-North Pacific: Arctic

Canada, north coast of Alaska; Chukchi Sea

south to British Columbia (Williams 1984,

Squires 1990).

Infraorder Astacidea Latreille, 1802

Superfamily Nephropoidea Dana, 1852

Family Nephropidae Dana, 1852

Subfamily Nephropinae Dana, 1852

Homarus americanus H. Milne Edwards,

1837

Known range.—Western Atlantic: New-
foundland to Cape Hatteras, North Caroli-

na; occasionally Wilmington, North Caro-

lina and south Florida (Williams 1984, Cof-

er-Shabica & Nielsen 1988, Holthuis 1991).

Williams (1984) noted that this species is

occasionally found as far south as Wil-

mington, North Carolina. One specimen of

H. americanus, however, was collected off

southern Florida (Miami Beach, 252 m;

Cofer-Shabica & Nielsen 1988), suggesting

that the range of this species occasionally

extends further south, especially in deeper

waters.

Subfamily Thymopinae Holthuis, 1974

Nephropsis aculeata Smith, 1881

Remarks.—Species diagnosis provided in

Hothuis (1991). This species occurs on mud
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or fine sand sediments at 137-824 m, but

usually between 200-600 m (Holthuis

1991).

Known range.—Western Atlantic: Mas-

sachusetts to French Guiana, including Gulf

of Mexico and Caribbean Sea; Bermuda
(Holthuis 1991).

* Infraorder Thalassinidea Latreille, 1831

Remarks.—Thalassinidea was considered

a Section under the infraorder Anomura in

Williams (1984:180). Poore (1994) pro-

posed a phylogeny of the infraorder and

provided a new classification, diagnoses,

and keys to families and currently recog-

nized genera.

Superfamily Callianassoidea Dana, 1852

Family Callianassidae Dana, 1852

Remarks.—Manning & Felder (1991) re-

stricted this family as a result of their re-

vision of the American Callianassidae. In a

phylogenetic analysis of generic relation-

ships within the family based on 93 adult

morphological characters, Tudge et al.

(2000) determined that the Callianassidae

comprised a monophyletic group. Sakai

(1999) presented very different conclusions

regarding the composition of, and generic

relationships within, the Callianassidae. Sa-

kai 's work, however, was not conducted

within a phylogenetic framework and is

widely regarded as controversial. More re-

search is needed to resolve the composition

and relationships of genera in this and re-

lated families and subfamilies.

Subfamily Callianassinae Dana, 1852

Remarks.—Tudge et al. (2000) conduct-

ed a phylogenetic analysis of relationships

within the family Callianassidae based on

adult morphological characters and they de-

termined that the subfamily Callianassinae

was a monophyletic group.

* Bijfarius biformis (Biffar, 1971)

Callianassa biformis Biffar.—Williams,

1984:182.

Remarks.—In a recent revision of the

American Callianassidae, Manning & Feld-

er (1991) concluded that Callianassa was a

composite of numerous genera. Manning &
Felder (1991) described the genus Biffarius

and provided a diagnosis, illustrations, and

comparative information regarding the gen-

era within the subfamily Callianassinae.

Known range.—Western Atlantic: Bass

River, Yarmouth, Nova Scotia; Nantucket

Sound, Massachusetts; Chesapeake Bay (?);

North Inlet, South Carolina, to Mcintosh

County, Georgia; Franklin County, north-

west Florida (WiUiams 1984).

* Gilvossius setimanus (De Kay, 1844)

Callianassa atlantica Rathbun.—Williams,

1984:180.

Remarks.—Manning (1987) addressed

the status of Gonodactylus setimanus

DeKay. He determined this species was val-

id as Callianassa setimanus (DeKay) and

that it was the senior synonym of Calli-

anassa atlantica Rathbun. Members of Cal-

lianassa sensu stricto, as restricted by Man-
ning & Felder (1991), are not represented

in the American fauna. The genus Gilvos-

sius was described (Manning & Felder,

1992) with Gonodactylus setimanus DeKay
(= Callianassa atlantica Rathbun) as the

type species.

Known range.—Western Atlantic: Bass

River, Nova Scotia, to Georgia; Franklin

County, Florida (Wilhams 1984).

Necallianassa berylae Heard &
Manning, 1998

Remarks.—Heard & Manning (1998:

883-884) described this genus and species

and provided illustrations and diagnostic

comparisons with eastern Atlantic conge-

ners. Necallianassa berylae occurs at

depths of 35-75 m (Heard & Manning

1998).

Known range.—Western Atlantic: South

Carolina and Georgia (Heard & Manning

1998).
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Subfamily Callichirinae Manning &
Felder, 1991

Remarks.—Tudge et al. (2000) conduct-

ed a phylogenetic analysis of relationships

within the family Callianassidae utilizing

adult morphological characters. They deter-

mined that the subfamily Callichirinae was

a paraphyletic group and that more research

is needed to resolve relationships within

this group.

* Callichirus major (Say, 1818)

Callianassa major Say.—Williams, 1984:

183.

Remarks.—Manning & Felder (1986) re-

defined Callichirus to remove the ambigu-

ity surrounding previous concepts of this

genus.

Known range.—Western Atlantic: Beau-

fort Inlet, North Carolina, to Cape Canav-

eral, Florida; Grand Terre Island to Tim-

balier Island, Louisiana; Sergipe to Santa

Catarina, Brazil (Williams 1984, Rodrigues

& Shimizu 1998).

Family Laomediidae Borradaile, 1903

Naushonia crangonoides Kingsley, 1897

Known range.—Western Atlantic: Bass

River, Yarmouth, Nova Scotia; Vineyard

Sound and Elizabeth Islands, Massachu-

setts, to Bogue Sound, North Carolina (Wil-

liams 1984).

Family Upogebiidae Borradaile, 1903

Upogebia affinis (Say, 1818)

Remarks.—Williams (1993) provided an

improved diagnosis and detailed description

of this species and noted that its southern

limits of distribution are in Texas. Speci-

mens identified as U. affinis from more

southern locations (West Indies to Sao Pau-

lo, Brazil) are actually Upogebia paraffinis

WiUiams, 1993.

Known range.—Western Atlantic: Mas-
sachusetts to southern Texas (Williams

1993).

Superfamily Axioidea Huxley, 1 879

Family Axiidae Huxley, 1879

Axius armatus Smith, 1881

Remarks.—Kensley (2001) redescribed

this species, provided illustrations, and

compared A. armatus to its sympatric con-

gener, A. serratus. Although Sakai & de

Saint Laurent (1989) questioned the generic

placement of this species, Kensley (2001)

provided morphological evidence support-

ing placement of this species in the genus

Axius. This apparently rare species occurs

at depths of 108-260 m (Kensley 2001).

Known range.—Western Atlantic: Mas-
sachusetts to South Carolina (Kensley

2001).

Axius serratus Stimpson, 1852

Remarks.—Kensley (2001) redescribed,

illustrated, and compared this species to its

Atlantic congeners. This species occurs at

depths of 19-220 m (Kensley 2001), which

represents an increase in the maximum re-

ported depth of occurrence.

Known range.—Western Atlantic: Nova
Scotia to Maryland (Kensley 2001).

* Calaxius jenneri (Williams, 1974)

Axiopsis jenneri (Williams).—Williams,

1984:185.

Remarks.—Sakai & de Saint Laurent

(1989) described the genus Calaxius in

their revision of the family Axiidae.

Known range.—Western Atlantic: Cape
Lookout, North CaroUna (Williams 1984).

Family Calocarididae Ortmann, 1891

Remarks.—Kensley (1989) reinstated the

Calocarididae Ortmann, which contained

only Calocaris, and then expanded the fam-

ily with the addition of several genera.

Calocaris templemani Squires, 1965

Known range.—Western Atlantic: New-
foundland to the Gulf of Maine; Cape

Lookout, North Carolina (Williams 1984,
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Kensley 1989, Sakai & de Saint Laurent

1989, Squires 1990). The southernmost lo-

cality reported for this species is southeast

of Cape Lookout, North Carolina (Williams

1984). This appears to be the only recorded

occurrence of C. templemani this far south.

Infraorder Palinura Latreille, 1802

Superfamily Palinuroidea Latreille, 1802

Family Palinuridae Latreille, 1802

Panulirus argus (Latreille, 1804)

Remarks.—Based on mtDNA samples

from individuals collected from nine loca-

tions between Bermuda and Venezuela, Sil-

berman et al. (1994) hypothesized that Pan-

ulirus argus was genetically homogenous

throughout the tropical western Atlantic and

Caribbean. However, three individuals with

distinctly different mtDNA haplotypes, col-

lected off Miami, Florida, were identified

(Silberman et al. 1994). Sarver et al. (1998)

compared mtDNA sequences between

western Atlantic-Caribbean populations and

Brazilian lobsters and found sufficient dif-

ferences to suggest that P. argus is a com-

plex of two species or subspecies. In addi-

tion to genetic differences, characteristic

color patterns were also identified distin-

guishing the Brazilian P. argus from the

Caribbean form (Sarver et al. 1998). They

recommended provisional recognition of

two subspecies until formal taxonomic re-

vision could be completed: Panulirus argus

argus representing populations from Ber-

muda to Venezuela and Panulirus argus

westonii representing populations from Bra-

zil. Sarver et al. (2000) re-examined the ge-

netically distinct individuals of Silberman

et al. (1994) and determined that these un-

usual individuals were the provisionally

recognized Brazilian form of P. argus (P.

argus westonii). However, until formal re-

vision is conducted, the taxonomic status of

these subspecies remains uncertain.

Known range.—Western Atlantic: Ber-

muda; North Carolina to Rio de Janeiro,

Brazil, including Gulf of Mexico and Ca-

ribbean Sea (Williams 1984, Holthuis

1991).

Family Scyllaridae Latreille, 1825

Subfamily Arctidinae Holthuis, 1985

Scyllarides aequinoctialis (Lund, 1793)

Remarks.—This species was originally

considered to occur outside the region, and

therefore was not included in Williams

(1984). Lyons (1970) provided a detailed

description. Scyllarides aequinoctialis oc-

curs on sandy or rocky bottoms at depths

of 0-180 m, usually 1-64 m (Lyons 1970,

Holthuis 1991).

Known range.—Western Atlantic: Ber-

muda; South Carolina to southern Brazil,

including the Gulf of Mexico, Caribbean

Sea, and West Indies (Holthuis 1991).

Scyllarides nodifer (Stimpson, 1866)

Known range.—Western Atlantic: Ber-

muda; Cape Lookout, North Carolina, to

Yucatan, including Gulf of Mexico (Wil-

liams 1984, Holthuis 1991).

Subfamily Scyllarinae Latreille, 1825

Scyllarus americanus (Smith, 1869)

Known range.—Western Atlantic: Bogue

Inlet, North Carolina, to Campeche Banks,

Mexico; Venezuela (Williams 1984).

Scyllarus chacei Holthuis, 1960

Known range.—Western Atlantic: Cape

Hatteras, North Carolina, to Bahia, Brazil,

including Gulf of Mexico, West Indies, and

Caribbean Sea (Williams 1984, Coelho &
Ramos-Porto 1998b).

Scyllarus depressus (Smith, 1881)

Known range.—Western Atlantic: Mar-

tha's Vineyard, Massachusetts; Cape Hat-

teras, North Carolina, to Sao Paulo, Brazil,

including Gulf of Mexico and West Indies

(Williams 1984).
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Infraorder Anomura MacLeay, 1838

Superfamily Galatheoidea Samouelle,

1819

Family Galatheidae Samouelle, 1819

Galathea rostrata A. Milne-Edwards,

1880

Known range.—Western Atlantic: off

Cape Hatteras, North Carolina, to southern

Florida; northwestern Florida to Mississippi

River delta; off Cape Catoche, Yucatan

(Williams 1984).

Munida forceps A. Milne-Edwards,

1880

Remarks.—Williams (1984) did not in-

clude this species in his study because the

known geographic range and depth of oc-

currence were outside the region. This spe-

cies is now known from off southern New
England and Virginia within the region.

Munida forceps occurs at 80-337 m (Wil-

Hams 1988, Melo-Filho & Melo 1992).

Melo-Filho & Melo (1992) provided a de-

scription, illustrations, and measurements;

Williams (1988) provided a color descrip-

tion and figure of male carapace.

Known range.—Western Atlantic: Veatch

and Lydonia Canyons, off southern New
England (Williams 1988); Virginia; Florida;

Gulf of Mexico; Antilles; Guianas; Brazil

(Melo-Filho & Melo 1992).

Munida iris iris A. Milne-Edwards, 1880

Known range.—Western Atlantic: off

Nova Scotia through southeastern Gulf of

Mexico to near Cozumel Island, Yucatan;

through Caribbean islands to Rio Grande do

Sul, Brazil (Williams 1984, Squires 1990,

Melo-Filho 1998).

Munida irrasa A. Milne-Edwards, 1880

Known range.—Western Atlantic: off

Bermuda; off Cape Lookout, North Caro-

lina, through eastern Gulf of Mexico; Ca-

ribbean Sea to Uruguay (Williams 1984).

Munida longipes A. Milne-Edwards, 1880

Known range.—Western Atlantic: Balti-

more Canyon, off the coast of Maryland

(Williams 1988) southward through Gulf of

Mexico to Belize; through West Indies to

Curasao (Williams 1984); Sao Paulo to Rio

Grande do Sul, Brazil (Melo-Filho 1998).

Munida pusilla Benedict, 1902

Known range.—Western Atlantic: off

Cape Lookout, North Carolina, to Straits of

Florida, through eastern Gulf of Mexico to

Yucatan; Colombia; Trinidad (Williams

1984); Amapa, Brazil (Melo-Filho 1998).

Munida valida Smith, 1883

Known range.—Western Atlantic: off

Nova Scotia to Rio Grande do Sul, Brazil,

including Gulf of Mexico and Caribbean

(WilUams 1984, Squires 1990, Melo-Filho

& Melo 1992, Melo-Filho 1998).

Family Porcellanidae Haworth, 1825

Euceramus praelongus Stimpson, 1860

Known range.—Western Atlantic: Dela-

ware Bay to Aransas area, Texas (Williams

1984).

Megalobrachium soriatum (Say, 1818)

Known range.—Western Atlantic: off

Cape Hatteras, North Carolina, to Port

Aransas, Texas; West Indies to Barbados;

Contoy Island, Mexico; Bahia Caledonia

and Galeta Island, Panama (Williams

1984); Ceara to Sao Paulo, Brazil (Veloso

1998).

Pachycheles pilosus

(H. Milne Edwards, 1837)

Known range.—Western Atlantic:

Charleston, South Carolina; Key West to

Sarasota Bay, Florida; through West Indies

to Tobago and Aruba (Williams 1984).
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Pachycheles rugimanus

A. Milne-Edwards, 1880

Known range.—Western Atlantic: Cape

Lookout, North Carolina, through Florida

to St. Thomas, U.S. Virgin Islands; Contoy

Island, Mexico (Williams 1984); Amapa to

Para (Veloso 1998) and Pernambuco, Brazil

(WilUams 1984).

Petrolisthes armatus (Gibbes, 1850)

Remarks.—This species was recently re-

ported in the region (Knott et al. 2000). Al-

though Knott et al. (2000) reported the

presence of this crab as an introduction, the

occurrence of P. armatus in Georgia and

South Carolina possibly represents a north-

ern range extension because the original de-

scription by Gibbes (1850) listed the local-

ity of specimens examined as "Florida."

This species is the dominant decapod crus-

tacean on rocky substrates in Georgia and

is well established on rocky rubble, oyster

reefs, and other shallow subtidal and inter-

tidal habitats throughout Georgia and South

Carolina (Knott et al. 2000).

Known range.—Western Atlantic: Ber-

muda; South Carolina southward through

the Gulf of Mexico; Bahamas; West Indies

and Caribbean; northern South America to

Santa Catarina, Brazil; Central Atlantic: As-

cension Island; Eastern Atlantic: tropical

West Africa; Eastern Pacific: Gulf of Cali-

fornia to Peru (Veloso 1998, Knott et al.

2000).

Petrolisthes galathinus (Bosc, 1802)

Known range.—Western Atlantic: Cape
Hatteras, North Carolina, through Gulf of

Mexico and Caribbean Sea to Rio Grande

do Sul, Brazil; Eastern Pacific: Isla San Lu-

cas, Costa Rica, to off La Libertad, Ecuador

(Wilhams 1984, Veloso 1998).

Polyonyx gibbesi Haig, 1956

Known range.—Western Atlantic: Woods
Hole, Massachusetts, to Uruguay (Williams

1984).

Porcellana sayana (Leach, 1820)

Known range.—Western Atlantic: Cape
Hatteras, North Carolina, to Rio Grande do

Sul, Brazil, including Gulf of Mexico and

Caribbean Sea (Williams 1984, Veloso

1998).

Porcellana sigsbeiana A. Milne-Edwards,

1880

Known range.—Western Atlantic: off

Martha's Vineyard, Massachusetts, to

southwestern Caribbean Sea off Colombia;

West Indies to Virgin Islands (Williams

1984); Para and Maranhao, Brazil (Veloso

1998).

Superfamily Hippoidea Latreille, 1825

Family Albuneidae Stimpson, 1858

Albunea gibbesii Stimpson, 1859

Known range.—Western Atlantic: Ber-

muda; east of Cape Lookout, North Caro-

lina, to Texas, through West Indies to Sao

Paulo, Brazil (Williams 1984, Calado

1998).

Albunea paretii Guerin-Meneville, 1853

Known range.—Western Atlantic: Beau-

fort Inlet, North Carolina, to Corpus Christi,

Texas, through West Indies to Rio Grande

do Sul, Brazil (Wilhams 1984, Calado

1998); Eastern Atlantic: Cape Verde Is-

lands; Senegal to Ghana (Williams 1984).

Lepidopa websteri Benedict, 1903

Known range.—Western Atlantic: mouth

of Chesapeake Bay; Drum Inlet, North Car-

olina, to east central Florida; Tampa Bay,

Florida; Petit Bois Island, Mississippi (Wil-

liams 1984, Manning 1988).

Family Hippidae Latreille, 1825

Emerita benedicti Schmitt, 1935

Known range.—Western Atlantic:

Charleston County, South Carolina, to Ve-

racruz, Mexico (Williams 1984).
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Emerita talpoida (Say, 1817)

Known range.—Western Atlantic: Har-

wich, Massachusetts, to Horn Island, Mis-

sissippi; Progreso, Yucatan, Mexico (Wil-

liams 1984).

Superfamily Coenobitoidea Dana, 1851

Remarks.—Williams (1984) recognized

two superfamilies (Coenobitoidea and Pa-

guroidea) for hermit crabs. McLaughlin

(1983) had recommended that the super-

family Coenobitoidea be suppressed and

that a single superfamily of hermit crabs

should be recognized. Martin & Davis

(2001) accepted the arrangement proposed

by McLaughlin (1983). However, Mc-
Laughlin & Lemaitre (2001a) recently pro-

vided evidence to support reinstatement of

the Coenobitoidea. Based on their results,

two distinct superfamilies should be rec-

ognized with respect to hermit crab higher

classification.

Family Diogenidae Ortmann, 1892

Cancellus ornatus Benedict, 1901

Known range.—Western Atlantic: Cape

Fear, North Carolina, through eastern Gulf

of Mexico; Greater and Lesser Antilles, to

Bahia, Brazil (Williams 1984, Rieger

1998).

Clibanarius vittatus (Bosc, 1802)

Known range.—Western Atlantic: Poto-

mac River, Gunston, Virginia, to Santa Ca-

tarina, Brazil, including the Gulf of Mexico

(Williams 1984).

Dardanus fucosus Biffar & Provenzano,

1972

Known range.—Western Atlantic: near

Cape Hatteras, North Carolina, to Para,

Brazil (Williams 1984, Rieger 1998).

Dardanus insignis (de Saussure, 1858)

Known range.—Western Atlantic: off

Oregon Inlet, North Carolina, to Port Aran-

sas, Texas; through West Indies to Argen-

tina (Williams 1984, Rieger 1998).

Paguristes hummi Wass, 1955

Known range.—Western Atlantic: New-
port River, North Carolina, to off Sapelo

Island, Georgia; southwestern Florida, in-

cluding Tampa Bay, to off Isles Dernieres,

Louisiana; Caribbean coast of Colombia

(Williams 1984, Campos & Sanchez 1995,

Strasser & Price 1999).

Paguristes lymani A. Milne-Edwards &
Bouvier, 1893

Known range.—Western Atlantic: south-

east of Cape Lookout, North Carolina; Flor-

ida Keys to Swan Island, off Honduras;

through West Indies to Guyana (Williams

1984).

Paguristes moorei Benedict, 1901

Known range.—Western Atlantic: off

Cape Lookout, North Carolina; Florida

Straits; Puerto Rico (WiUiams 1984).

Paguristes sericeus A. Milne-Edwards,

1880

Known range.—Western Atlantic: off

Cape Lookout, North Carolina; West Flow-

er Garden Bank, northwestern Gulf of Mex-
ico, to Virgin Islands (Williams 1984).

Paguristes spinipes A. Milne-Edwards,

1880

Known range.—Western Atlantic: Gulf

Stream south of Cape Lookout, North Car-

olina; off Cape Canaveral to Florida Straits;

Sarasota, Florida; Barbados to Pernambuco

and Alagoas, Brazil (Williams 1984, Rieger

1998).

Paguristes tortugae Schmitt, 1933

Known range.—Western Atlantic: reefs

off Beaufort, North Carolina, to southern

and southwestern Florida; Gulf of Mexico;
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through West Indies to Sao Paulo, Brazil

(Williams 1984, Rieger 1998).

Pagiihstes triangulatiis A. Milne-Edwards

& Bouvier, 1893

Known range.—Western Atlantic: off

Oregon Inlet, North Carolina, to Tortugas,

Florida; Barbados; Trinidad (Williams

1984).

Petrochirus diogenes (Linnaeus, 1758)

Known range.—Western Atlantic: off

Cape Lookout, North Carolina, to Uruguay,

including Gulf of Mexico and West Indies

(Williams 1984, Rieger 1998).

Superfamily Paguroidea Latreille, 1802

Family Lithodidae Samouelle, 1819

Lithodes maja (Linnaeus, 1758)

Known range.—Western Atlantic: West

Greenland to Baltimore Canyon, off the

coast of Maryland; North Atlantic: East

Greenland: Iceland; Northeastern Atlantic:

Spitsbergen to the British Isles; the Neth-

erlands (Williams 1984, 1988; Squires

1990).

Family Paguridae Latreille, 1802

Anisopagurus hopkinsi Lemaitre &
McLaughhn, 1996

Remarks.—Lemaitre & McLaughlin
(1996:101) described and illustrated this

species and discussed congeneric affinities.

This species occurs at depths of 91-165 m
(Lemaitre & McLaughlin 1996).

Known range.—Western Atlantic: off

Georgia; Gulf of Mexico (Lemaitre &
McLaughlin 1996).

Catapaguriis sharreri

A. Milne-Edwards, 1880

Remarks.—Williams (1984) considered

this species to be extralimital. Asakura

(2001) rediagnosed this genus and species.

This species occurs at 60-882 m depth

(Williams & Wigley 1977) on sediments

consisting of sand, mud and shell fragments

(Rieger 1998).

Know)! range.—Western Atlantic: 40°N,

southward to Rio de Janeiro, Brazil, includ-

ing the Caribbean Sea (Williams & Wigley

1977).

* Goreopagurus piercei (Wass, 1963)

Pagurus piercei Wass.—Williams, 1984:

218.

Remarks.—McLaughlin (1988) exam-
ined a large sample of P. piercei and ob-

served several characters that excluded this

species from the genus Pagurus. A new ge-

nus {Goreopagurus) was erected and de-

scribed (McLaughlin 1988) and G. piercei

was rediagnosed and illustrated. Discovery

of an additional species belonging to this

genus required McLaughlin & Haig (1995)

to emend and expand the original generic

diagnosis.

Known range.—Western Atlantic: Mid-

Atlantic Bight, off eastern United States, to

southeastern Florida; northern Gulf of Mex-
ico (McLaughhn 1988).

* Hemipagurus gracilis Smith, 1881

Catapagurus gracilis (Smith).—Williams,

1984:484.

Remarks.—Asakura (2001) removed
Hemipagurus from the synonymy of Cata-

pagurus, rediagnosed Hemipagurus, and re-

described H. gracilis, the type species. Wil-

liams (1984) considered this species to be

extralimital. This species occurs at 73-418

m depth (Williams & Wigley 1977).

Known range.—Western Atlantic: Mas-

sachusetts to Barbados (Williams & Wigley

1977).

Iridopagurus reticulatus Garcia-Gomez.

1983

Remarks.—Garcia-Gomez (1983:37) de-

scribed this species and provided a species

diagnosis, color description, and behavioral

observations. This species occurs at depths

of 1-38 m (Garcia-Gomez 1983).
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Known range.—Western Atlantic: North

Carolina to Florida; Bahamas; Jamaica; Do-

minican Republic; U.S. Virgin Islands; Lee-

ward Islands; Bonaire; Curasao; Belize;

Colombia; Venezuela; Suriname; French

Guiana (Garcia-Gomez 1983).

* Manucomplanus ungulatus

(Studer, 1883)

Manucomplanus corallinus (Benedict).

—

Williams, 1984:224.

Remarks.—Lemaitre & McLaughlin

(1996) determined that the range of varia-

tion of specimens of the nominal species M.

corallinus and M. ungulatus was such that

the two taxa could not be separated. Con-

sequently, they placed M. corallinus in the

synonymy of M. ungulatus. The authors

provided a species diagnosis and illustra-

tions.

Known range.—Western Atlantic: off

Cape Hatteras, North Carolina, to Florida;

Gulf of Mexico; Straits of Florida; Baha-

mas; Eastern Atlantic: South and West Af-

rica (Williams 1984, Lemaitre & Mc-
Laughlin 1996).

Pagurus acadianus Benedict, 1901

Known range.—Western Atlantic: Straits

of Belle Island and Notre Dame Bay, New-
foundland; Gulf of St. Lawrence to mouth

of Chesapeake Bay (Williams 1984, Squires

1990).

Pagurus annulipes (Stimpson, 1860)

Remarks.—Lemaitre et al. (1982) report-

ed the depth distribution for this species as

subtidal to 90 m, which represented an in-

crease in the maximum reported depth of

occurrence.

Known range.—Western Atlantic: Vine-

yard Sound, Massachusetts, to south central

Florida (Williams 1984, Lemaitre et al.

1982).

Pagurus arcuatus Squires, 1964

Known range.—Western Atlantic:

Greenland to off Virginia Capes (Williams

1984).

Pagurus brevidactylus (Stimpson, 1859)

Remarks.—Lemaitre et al. (1982) provid-

ed a species diagnosis and commented on

interspecific comparisons. This species oc-

curs from the intertidal to 50 m (Lemaitre

et al. 1982).

Known range.—Western Atlantic: Ber-

muda; northeastern Florida; Bahamas to

Brazil; Gulf of Mexico; Caribbean (Lemai-

tre et al. 1982).

Pagurus carolinensis McLaughlin, 1975

Remarks.—Lemaitre et al. (1982) provid-

ed species diagnosis and interspecific com-

parisons.

Known range.—Western Atlantic: North

Carolina to southeastern Florida (Lemaitre

et al. 1982); Tampa Bay, Florida (Strasser

& Price 1999).

Pagurus defensus (Benedict, 1892)

Known range.—Western Atlantic: Cape

Hatteras, North Carolina, to Georgia; Dry
Tortugas, Florida, to Alabama (Williams

1984).

Pagurus impressus (Benedict, 1892)

Known range.—Western Atlantic: off Di-

amond Shoals, North Carolina, to near

Cape Canaveral, Florida; Florida Bay (near

Flamingo), north to Pensacola, Florida; Port

Aransas, Texas (Williams 1984).

Pagurus longicarpus Say, 1817

Known range.—Western Atlantic: Minas

Basin and Chignecto Bay to Hutchinson Is-

land, Florida; southwestern Florida to Texas

(Williams 1984, Squires 1990).
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Pagurus maclaughlinae Garcia-Gomez,

1982

Remarks.—Garcia-Gdmez (1982:647)

recognized and described this species. Le-

maitre et al. (1982) reported this species in

the region and provided a species diagnosis.

Pagurus maclaughlinae occurs from the

subtidal to 5 m (Garcia-Gomez 1982).

Known range.—Western Atlantic: Was-

saw, Georgia, to Florida; Gulf of Mexico;

Caribbean (Lemaitre et al. 1982).

Pagurus politus (Smith, 1882)

Known range.—Western Atlantic: Nova
Scotia to off Dry Tortugas, Florida (Wil-

liams 1984, Squires 1990).

Pagurus pollicaris Say, 1817

Known range.—Western Atlantic: Grand

Manan, New Brunswick, to northeastern

Florida; Key West, Florida, to Texas (Wil-

Uams 1984).

Pagurus pubescens Kr0yer, 1838

Known range.—Western Atlantic: West

Greenland; Foxe Basin; Hudson Bay to

Cape Hatteras, North Carolina; Arctic-

North Atlantic: East Greenland; Iceland;

Spitsbergen; Barents Sea; Novaya Zemlya;

Eastern Atlantic: Faroes and the British

Isles (WiUiams 1984, Squires 1990).

* Pagurus stimpsoni

(A. Milne-Edwards & Bouvier, 1893)

Pagurus hendersoni Wass.—Williams,

1984:214.

Remarks.—Lemaitre et al. (1982), in

comparing type material of P. hendersoni

with specimens of P. stimpsoni, determined

that the two species were conspecific, and

placed P. hendersoni in the synonymy of P.

stimpsoni. Pagurus stimpsoni occurs from

the subtidal purportedly to 512 m (Wass

1963), usually from the subtidal to 73 m.

Depths of occurrence reported for types of

P. hendersoni (228 and 347-512 m) by

Wass are problematic according to Lemaitre

et al. (1982) who were unable to verify the

accuracy of these collection data.

Known range.—Western Atlantic: North

Carolina to Florida; Gulf of Mexico; Carib-

bean coast of South America (Lemaitre et

al. 1982).

Phimochirus holthuisi (Provenzano, 1961)

Remarks.—McLaughlin (1981) reported

the bathymetric range for this species as 1-

210 m.

Known range.—Western Atlantic: North

Carolina to Florida; Straits of Florida and

Bahama Islands; Gulf of Mexico from Flor-

ida to Texas; Caribbean and northern South

America from Colombia to Bahia, Brazil

(McLaughlin 1981, Williams 1984, Rieger

1998).

Pylopagurus discoidalis

(A. Milne-Edwards, 1880)

Remarks.—McLaughlin & Lemaitre

(2001b) rediagnosed the genus Pylopagurus

and diagnosed, illustrated, and discussed

morphological variation of all species with-

in this genus.

Known range.—Western Atlantic: North

Carolina to central Brazil, including Gulf of

Mexico and Caribbean (Williams 1984,

McLaughhn & Lemaitre 2001b).

Rhodochirus rosaceus

(A. Milne-Edwards & Bouvier, 1893)

Known range.—Western Atlantic: south

of Cape Lookout, North Carolina, to Key
West, Florida; northwestern Gulf of Mexi-

co; Grenada; Suriname; Sao Paulo and Rio

Grande do Sul, Brazil (McLaughhn 1981,

Williams 1984, Rieger 1998).

Tomopaguropsis problematica

(A. Milne-Edwards & Bouvier, 1893)

Known range.—Western Atlantic: north-

east of Cape Lookout, North Carolina;

southern Florida and Bahamas; Barbados;

off Honduras (Williams 1984).
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Tomopagurus cokeri (Hay, 1917)

Remarks.—McLaughlin (1981) rede-

scribed the genus and provided a species

diagnosis and illustrations. This species oc-

curs at 44-302 m (McLaughlin 1981).

Known range.—Western Atlantic: south

of Cape Lookout, North Carolina; off

northeastern Florida; Gulf of Mexico; Ca-

ribbean; off French Guiana (McLaughlin

1981).

Tomopagurus wassi McLaughlin, 1981

Remarks.—McLaughlin (1981) rede-

scribed the genus, described this species,

and provided illustrations and comparative

information. This species occurs at 75-360

m (McLaughlin 1981).

Known range.—Western Atlantic: south-

eastern United States; Straits of Florida;

Gulf of Mexico; Caribbean to northern Bra-

zil (McLaughlin 1981).

Family Parapaguridae Smith, 1882

Parapagurus pilosimanus Smith, 1879

Remarks.—Lemaitre (1989) provided a

description, illustrations, and information

on symbiotic associations and affinities.

This species occurs at 102-3864 m, but is

most frequently found in depths of 400-

1400 m (Lemaitre 1989).

Known range.—North Atlantic: south-

west of Iceland and the Faroe Islands to

west of Ireland; Western Atlantic: Nova
Scotia to Guyana; Eastern Atlantic: Bay of

Biscay to Gulf of Guinea; South Atlantic:

Tristan da Cunha (Lemaitre 1989).

Sympagurus pictus Smith, 1883

Remarks.—Lemaitre (1989) provided a

description, illustrations, and information

on symbiotic associations and affinities.

This species occurs at 180-2322 m, but is

most frequently found at depths of 200 to

800 m (Lemaitre 1989).

Known range.—Western Atlantic: off

Long Island, New York to off French Gui-

ana (Lemaitre 1989).

Infraorder Brachyura Latreille, 1802

Superfamily Dromioidea De Haan, 1833

Family Dromiidae De Hann, 1833

* Cryptodromiopsis antillensis

(Stimpson, 1858)

Dromidia antillensis Stimpson.—Williams,

1984:255.

Remarks.—McLay (1993) redefined the

genera within the family Dromiidae. As a

result, Dromidia antillensis was reassigned

to the genus Cryptodromiopsis.

Known range.—Western Atlantic: Ber-

muda; off Cape Hatteras, North Carolina, to

Rio Grande do Sul, Brazil, including Gulf

of Mexico and Caribbean Sea; Central At-

lantic: Saint Helena (Williams 1984, Melo
et al. 1998).

Dromia erythropus

(George Edwards, 1771)

Remarks.—Previously, the geographic

range of this species was considered to be

outside the region, however, WilUams (un-

published data) records this species from

off North Carolina. Dromia erythropus in-

habits various types of sediments from the

intertidal to 360 m (Laughlin et al. 1982,

Melo et al. 1998) and is usually found with

sponges and ascidians on its carapace

(Melo et al. 1998).

Known range.—Western Atlantic: Ber-

muda; Florida to Sao Paulo, Brazil (Laugh-

Un et al. 1982, Melo et al. 1998). Williams

(unpublished) noted a specimen "Taken off

North Carolina (33°48'06"N, 76°34'24"W),

105 m, 14 May 1981 (USNM 202800)."

Hypoconcha arcuata Stimpson, 1858

Known range.—Western Atlantic: off

Cape Lookout, North Carolina, to west

Florida; St. Thomas, U.S. Virgin Islands;

Suriname to Sao Paulo, Brazil (Williams

1984, Melo et al. 1998).

* Hypoconcha parasitica

(Linnaeus, 1763)

Hypoconcha sabulosa (Herbst).—Williams,

1984:258.
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Remarks.—Holthuis and Manning (1987)

concluded that Hypoconcha parasitica was

the oldest available name for the species

formerly known as H. sabulosa.

Known range.—Western Atlantic: off

Cape Hatteras, North Carolina, through

Gulf of Mexico to Sao Paulo, Brazil (Wil-

hams 1984, Melo et al. 1998).

Hypoconcha spinosissima Rathbun, 1933

Known range.—Western Atlantic: off

Cape Hatteras, North Carolina, to Gulf of

Mexico, off Mississippi River delta; Yuca-

tan; Jamaica (Williams 1984).

Superfamily Homoloidea De Haan, 1839

Family Homolidae De Haan, 1839

Homola minima Guinot & Richer de

Forges, 1995

Homola barbata (Fabricius).—Williams,

1984:261 (in part).

Remarks.—Guinot & Richer de Forges

(1995:326) described this species, provided

photographs, and discussed congeneric

comparisons. Homola minima occurs at

depths of 55-690 m (Guinot & Richer de

Forges 1995, Martin & Zimmerman 2001).

Homola barbata, formerly considered to be

a wide-ranging species (Williams 1984), is

now known to occur only in the Mediter-

ranean Sea and also possibly in the adjoin-

ing eastern Atlantic (Guinot & Richer de

Forges 1995).

Known range.—Western Atlantic: Mar-

tha's Vineyard, Massachusetts, to Rio

Grande do Sul, Brazil; Bahamas (Guinot &
Richer de Forges 1995, Martin & Zimmer-

man 2001).

Family Latreilliidae Stimpson, 1858

Latreillia manningi Williams, 1982

Known range.—Western Atlantic: Nan-

tucket Shoals, off Massachusetts, to off Ha-

vana, Cuba; Venezuela; Central Atlantic:

Ascension Island (Williams 1984).

Superfamily Raninoidea De Haan, 1841

Family Raninidae De Haan, 1841

Remarks.—Guinot (1993) subdivided the

family Raninidae into six subfamilies: Ran-

ininae De Haan, 1841, Notopodinae Serene

& Umah, 1972, Symethinae Goeke, 1981,

Raninoidinae Lorenthey & Beurlen, 1929,

Lyreidinae Guinot, 1993, and Cyrtorhinae

Guinot, 1993. Three subfamilies (Ranini-

nae, Notopodinae, and Symethinae) were

recognized in Williams (1984).

* Subfamily Lyreidinae Guinot, 1993

Lysirude nitidus

(A. Milne-Edwards, 1880)

Remarks.—Diagnostic characteristics

and congeneric comparisons are provided in

Goeke (1980, 1985) and Tucker (1998).

This species is found on soft mud bottoms

at depths of 119-823 m (Powers 1977, as

Lyreidus bairdii)

.

Known range.—Western Atlantic: Mas-

sachusetts; Gulf of Mexico; Greater Antil-

les to Venezuela; Suriname (Goeke 1980).

* Subfamily Notopodinae Serene &
UmaU, 1972

Remarks.—Placement of Ranilia in sub-

family Notopodinae was supported by

Tucker's (1998) phylogenetic study.

Ranilia constricta

(A. Milne-Edwards, 1880)

Known range.—Western Atlantic: south-

east of Cape Fear, North Carolina; Palm

Beach, Florida, to Florida Straits and Yu-

catan Channel; Cuba; off Barbados (Wil-

liams 1984); Amapa, Rio de Janeiro to Rio

Grande do Sul, Brazil (Melo et al. 1998);

Central Atlantic: Ascension Island; Eastern

Atlantic: Senegal to Congo; Annobon Is-

land (WilUams 1984).

Ranilia muricata H. Milne Edwards, 1837

Known range.—Western Atlantic: off

Cape Lookout, North Carolina, to north-
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western Gulf of Mexico; Colombia (Wil-

liams 1984); Pernambuco, Brazil (Melo et

al. 1998).

* Subfamily Raninoidinae Lorenthey &
Beurlen, 1929

Remarks.—Placement of Raninoides in

subfamily Raninoidinae was supported by

Tucker's (1998) phylogenetic study.

Raninoides loevis (Latreille, 1825)

Remarks.—This species was listed under

subfamily Ranininae in Williams (1984).

Known range.—Western Atlantic: south

of Cape Hatteras, North Carolina, to Sao

Paulo, Brazil, including Gulf of Mexico,

southern Caribbean Sea and Leeward Is-

lands (Wilhams 1984, Melo et al. 1998).

* Family Symethidae Goeke, 1981

Remarks.—This taxon was previously

considered a subfamily of the Raninidae

(e.g., Williams 1984, Guinot 1993). Tucker

(1998) considered the subfamily Symethi-

nae sufficiently distinct to warrant elevation

of the subfamily to the rank of family.

Symethis variolosa (Fabricius, 1793)

Known range.—Western Atlantic: south-

east of Cape Lookout, North Carolina,

through western Gulf of Mexico to Sao

Paulo, Brazil, and Fernando de Noronha

(Williams 1984, Melo et al. 1998).

* Superfamily Cyclodorippoidea

Ortmann, 1892

Remarks.—Tavares (1991a) proposed the

use of the superfamilial name Cyclodorip-

poidea to replace Tymoloidea. Martin &
Davis (2001) accepted this arrangement.

* Family Cyclodorippidae Ortmann, 1892

Family Tymolidae.—Wilhams, 1984:259.

Remarks.—Family Tymolidae is placed

in the synonymy of Cyclodorippidae (Ta-

vares 1991a, 1993, 1996). Tavares (1996)

conducted a revision of the family Cyclo-

dorippidae.

Clythrocerus granulatus (Rathbun, 1898)

Known range.—Western Atlantic: south-

east of Cape Lookout, North Carolina;

Honduras; southern Florida, through Antil-

les, to Venezuela and Trinidad (Williams

1984), and southward to Rio Grande do

Sul, Brazil (Melo et al. 1998).

Clythrocerus nitidus

(A. Milne-Edwards, 1880)

Remarks.—Tavares (1996) included a de-

scription and illustrations, and discussed

morphological variation for this species.

This species occurs at 12-531 m (Tavares

1996).

Known range.—Western Atlantic: South

Carolina; Florida; Barbados; Grenada (Ta-

vares 1996).

* Deilocerus perpusillus (Rathbun, 1901)

Clythrocerus perpusillus Rathbun.—Wil-

liams, 1984:260.

Remarks.—As a result of his review of

the New World cyclodorippoid crabs, Ta-

vares (1993) identified and described four

new genera, including Deilocerus. Clythro-

cerus perpusillus was designated the type

species of this new genus.

Known range.—Western Atlantic: North

Carolina to Georgia; Bahama Banks; Gulf

of Mexico; Puerto Rico; Barbados; Amapa
to Rio Grande do Sul, Brazil (Williams

1984, Tavares 1996, Melo et al. 1998).

Superfamily Dorippoidea MacLeay, 1838

Family Dorippidae MacLeay, 1838

Subfamily Ethusinae Guinot, 1977

* Ethusa americana A. Milne-Edwards,

1880

Ethusa mascarone americana A. Milne-Ed-

wards.—Wilhams, 1984:269.

Remarks.—Hendrickx (1989) elevated



VOLUME 116, NUMBER 1 125

the subspecies E. m. americana to full spe-

cies status. Ethusa americana occurs only

in the western Atlantic; references of this

species at eastern Pacific localities refer to

E. panamensis Finnegan. Ethusa mascaro-

ne (Herbst) occurs in the Mediterranean

(Manning & Holthuis 1981).

Known range.—Western Atlantic: south

of Cape Lookout, North Carolina, to Gulf

of Mexico and West Indies; Maranhao to

Rio de Janeiro, Brazil (Williams 1984,

Melo et al. 1998).

Ethusa microphthalma Smith, 1881

Known range.—Western Atlantic: off

Martha's Vineyard, Massachusetts, to Cuba;

throughout Gulf of Mexico (Williams

1984); Sao Paulo, Brazil (Melo et al. 1998).

Ethusa tenuipes Rathbun, 1897

Known range.—Western Atlantic: off

Cape Lookout, North Carolina; East Florida

to Gulf of Mexico, east of Mississippi River

delta; Cuba (Williams 1984); Rio de Janeiro

to Sao Paulo, Brazil (Melo et al. 1998).

Superfamily Calappoidea H. Milne

Edwards, 1837

Family Calappidae H. Milne Edwards,

1837

Remarks.—Bellwood (1996) evaluated

phylogenetic relationships of four subfam-

ilies within the Calappidae (Calappinae,

Matutinae, Orithyiinae, and Hepatinae) us-

ing cladistic analysis. She rejected the

monophyly of an expanded Calappidae, but

demonstrated support for the monophyly of

each component taxon and proposed ele-

vating the four subfamilies to family status.

Additionally, Bellwood (1996) reassigned

these families to different superfamilies,

with Calappidae and Hepatidae remaining

in the superfamily Calappoidea, Matutidae

placed in the superfamily Leucosioidea, and

Orithyiidae placed in the superfamily Do-
rippoidea. Based on fossil evidence (cara-

pace morphology), Schweitzer and Feld-

mann (2000) supported the conclusions of

Bellwood (1996).

Acanthocarpus alexandri Stimpson, 1871

Known range.—Western Atlantic:

Georges Bank, off Massachusetts, to west

coast of Florida; Puerto Rico to Grenadines;

Rio de Janeiro (Williams 1984) to Rio

Grande do Sul, Brazil (Melo et al. 1998).

Calappa flammea (Herbst, 1794)

Known range.—Western Atlantic: Woods
Hole region, Massachusetts, to Florida

Keys; Gulf coast of United States and Mex-
ico; Bahamas; Bermuda (Williams 1984).

Calappa ocellata Holthuis, 1958

Known range.—Western Atlantic: Ber-

muda; Cape Hatteras, North Carolina, to

Rio de Janeiro, Brazil (Williams 1984).

Calappa sulcata Rathbun, 1898

Remarks.—This species occurs on sand,

mud, and calcareous algal bottoms from

shallow depths to 200 m (Melo et al. 1998).

Known range.—Western Atlantic: Cape

Hatteras, North Carolina, through Gulf of

Mexico to Parana, Brazil (Williams 1984,

Melo et al. 1998).

ii: Calappa tortugae Rathbun, 1933

Calappa angusta A. Milne-Edwards.—Wil-

hams, 1984:273 (in part).

Remarks.—WiWi^m^ & Child (1989) de-

termined that ''Calappa angusta/' as pre-

viously understood, was poorly defined and

actually comprised a complex of species.

The next available name for species of Ca-

lappa in the western Atlantic, Calappa

saussurei tortugae Rathbun, was removed

from synonymy and elevated to full species

rank (Williams & Child 1989). Species di-

agnosis, illustrations and measurements

were provided in Williams & Child (1989).

This species occurs at 13-238 m (Williams

& Child 1989).
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Known range.—Western Atlantic: North

Carolina to off Venezuela, including Gulf

of Mexico, Caribbean, and Leeward Islands

(Williams & Child 1989).

^ Cryptosoma balguerii

(Desbonne, 1867)

Cycloes bairdii (Stimpson).—Williams,

1984:278.

Remarks.—G^m & Clark (1996) report-

ed that populations of C. bairdii occurred

exclusively in the eastern Pacific (Baja Cal-

ifornia to Costa Rica); previous records of

C. bairdii from Costa Rica to Ecuador were

actually those of a new Cryptosoma spe-

cies, whereas records reported as C. bairdii

from Atlantic localities pertained to C. bal-

guerii (a nominal species previously con-

sidered to be a subjective synonym of Cy-

cloes bairdii). Cryptosoma balguerii occurs

in shallow waters to 230 m (Galil & Clark

1996).

Known range.—Western Atlantic: North

Carolina and Bermuda to Espirito Santo,

Brazil (GaUl & Clark 1996).

1^ Cyclozodion angustum

(A. Milne-Edwards, 1880)

Calappa angusta A. Milne-Edwards.—Wil-

liams, 1984:273 (in part).

Remarks.—y^iWidims & Child (1989)

concluded that Calappa angusta, as de-

scribed by A. Milne-Edwards, was generi-

cally misplaced. They described the genus

Cyclozodion, of which C. angustum (A.

Milne-Edwards) is the type species, and

provided illustrations, measurements, and

comparative information. This species oc-

curs at 95-421 m (Wilhams & Child 1989).

Known range.—Western Atlantic: off

Cape Canaveral, Florida, to Isla Providen-

cia, Colombia; Guyana (Williams & Child

1989).

Cyclozodion tuberatum Williams &
Child, 1989

/?^mar^5.—Williams & Child (1989:112)

described this species and provided illustra-

tions, measurements and color description.

This species occurs at 31-188 m depth,

rarely to 640 m (Williams & Child 1989).

Known range.—Western Atlantic: off

Cape Lookout, North Carolina, through Ba-

hamas; eastern Gulf of Mexico; and Suri-

name (Williams & Child 1989).

* Family Hepatidae Stimpson, 1871

Remarks.—Species in the genera Hepa-

tus and Osachila were previously assigned

to the subfamily Matutinae (Williams

1984). Based on results of a phylogenetic

study by Bellwood (1996) and corroborat-

ing fossil evidence (carapace morphology)

of Schweitzer & Feldmann (2000), these

genera are now placed in the family He-

patidae.

Hepatus epheliticus (Linnaeus, 1763)

Known range.—Western Atlantic: Ches-

apeake Bay to western Gulf of Campeche,

Mexico; Cuba; Jamaica; Dominican Repub-

lic (Wilhams 1984).

Hepatus pudibundus (Herbst, 1785)

Known range.—Western Atlantic: Geor-

gia to Rio Grande do Sul, Brazil (Williams

1984, Melo et al. 1998).

Osachila semilevis Rathbun, 1916

Known range.—Western Atlantic: off

Beaufort, North Carolina, to northwest

Florida (Wilhams 1984).

Osachila tuberosa Stimpson, 1871

Known range.—Western Atlantic: off

Cape Hatteras, North Carolina, to northwest

Florida and Yucatan Channel (Williams

1984); Rio de Janeiro and Rio Grande do

Sul, Brazil (Melo et al. 1998).

Superfamily Leucosioidea Samouelle,

1819

Family Leucosiidae Samouelle, 1819

Remarks.—Leucosiidae was previously

assigned to the superfamily Calappoidea
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(Williams 1984). Based on results of a phy-

logenetic study of the Calappidae, Bell-

wood (1996) placed the family Leucosiidae

in the superfamily Leucosioidea.

Subfamily Ebaliinae Stimpson, 1871

Ebalia cariosa (Stimpson, 1860)

Known range.—Western Atlantic: Bogue

Sound near Beaufort, North Carolina, to

west Florida; western Gulf of Mexico; Ja-

maica; northeastern South America to Sao

Paulo, Brazil (Williams 1984).

Ebalia stimpsonii A. Milne-Edwards, 1880

Known range.—Western Atlantic: south-

east of Cape Lookout, North Carolina; west

Florida to Barbados (Williams 1984); Ama-
pa to Sao Paulo, Brazil (Melo et al. 1998).

Speloeophorus nodosus (Bell, 1855)

Known range.—Western Atlantic: Flori-

da; West Indies (Williams 1984); Maranhao

to Rio de Janeiro, Brazil (Melo et al. 1998).

Speloeophorus pontifer (Stimpson, 1871)

Known range.—Western Atlantic: south-

east of Cape Lookout and off Beaufort,

North Carolina, to west Florida; West In-

dies to Barbados (WiUiams 1984).

Subfamily Iliinae Stimpson, 1871

Myropsis quinquespinosa Stimpson, 1871

Known range.—Western Atlantic: south

of Martha's Vineyard, Massachusetts, to

Suriname, including Gulf of Mexico and

Caribbean Sea (Williams 1984).

Persephona mediterranea (Herbst, 1794)

Known range.—Western Atlantic: New
Jersey to Rio Grande do Sul, Brazil, in-

cluding Gulf of Mexico and Caribbean Sea

(WilUams 1984, Melo et al. 1998).

Subfamily Leucosiinae Samouelle, 1819

* Acanthilia intermedia (Miers, 1886)

Iliacantha intermedia Miers.—Williams,

1984:290.

Remarks.—Galil (2000) removed /. in-

termedia from the genus Iliacantha and

placed it in the newly erected genus Acan-

thilia Galil; generic description and species

redescription are provided. This species oc-

curs at depths of 10-329 m.

Known range.—Western Atlantic: North

Carolina to Brazil (Galil 2000).

Callidactylus asper Stimpson, 1871

Known range.—Western Atlantic: south

of Cape Lookout, North Carolina, through

southeastern Gulf of Mexico to Panama,

and southeastward to Alagoas, Brazil (Wil-

liams 1984).

Iliacantha subglobosa Stimpson, 1871

Known range.—Western Atlantic: off

Cape Hatteras, North Carolina, to northwest

Florida; through eastern Gulf of Mexico

and Caribbean Sea, south to Alagoas, Brazil

(Williams 1984).

Superfamily Majoidea Samouelle, 1819

Remarks.—Recent investigations of in-

trarelationships within the Majoidea include

those of Drach & Guinot (1983), Griffin &
Tranter (1986), Clark & Webber (1991),

Guinot & Richer de Forges (1997), Guinot

& Bouchard (1998), and Pohle & Marques

(2000). Although all subfamilies within the

superfamily have not been considered in a

phylogenetic framework, previously recog-

nized subfamilies within the family Majidae

have been elevated to the level of family

(Hendrickx 1995). Martin & Davis (2001)

also adopted this arrangement. However, re-

sults of a recent phylogenetic analysis

based on larval characters (Pohle &
Marques 2000) supported monophyly only

of the Oregoniidae, Majidae and Inachidae.

* Family Epialtidae MacLeay, 1838

Remarks.—All species listed below were

previously placed in subfamily Epialtinae

of the Majidae in Williams (1984).
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Epialtus dilatatus A. Milne-Edwards, 1878 Podochela gracilipes Stimpson, 1871

Known range.—Western Atlantic: off

Beaufort Inlet and New River, North Car-

olina; southwest Florida; Yucatan; Bahamas
to St. Thomas (WilHams 1984).

Sphenocarcinus corrosus

A. Milne-Edwards, 1875

Remarks.—Tavares (1991b) provided a

generic revision and diagnosis.

Known range.—Western Atlantic: off

Cape Lookout, North Carolina; Gulf of

Mexico to Barbados (Williams 1984).

* Family Inachidae MacLeay, 1838

Remarks.—Elevation of subfamily Ina-

chinae to family level was supported by the

cladistic analysis of Clark & Webber
(1991). Other morphological evidence

(Guinot & Bouchard 1998) supported this

conclusion. All species of the genera An-

omalothir, Metoporhaphis, Podochela, and

Stenorhynchus (listed below) were previ-

ously placed in subfamily Inachinae of the

Majidae in Williams (1984). The genus Ro-

chinia was previously placed in the subfam-

ily Pisinae of the Majidae (Williams 1984,

Griffin & Tranter 1986). Cladistic relation-

ships hypothesized by Clark & Webber

(1991) indicated that Rochinia should be

placed in the Inachidae. Tavares (1991b)

conducted a generic revision of Rochinia.

Anomalothir furcillatus (Stimpson, 1871)

Known range.—Western Atlantic: off

Cape Lookout, North Carolina, through

eastern Gulf of Mexico; West Indies to Gre-

nada (Williams 1984).

Metoporhaphis calcarata (Say, 1818)

Known range.—Western Atlantic: off

Cape Hatteras, North Carolina, to Rio de

Janeiro, Brazil, including Gulf of Mexico
and Caribbean Sea (Williams 1984, Melo
1998).

Known range.—Western Atlantic: off

Cape Lookout, North Carolina, to Rio

Grande do Sul, including Gulf of Mexico
and Caribbean Sea (Williams 1984, Melo
1998).

Podochela riisei Stimpson, 1860

Known range.—Western Atlantic: Ber-

muda; North Carolina to Campeche, Mex-
ico; Antilles; Rio de Janeiro, Brazil (Wil-

Hams 1984, Melo 1998).

Podochela Sidney i Rathbun, 1924

Known range.—Western Atlantic: off

Cape Hatteras, North Carolina, to Veracruz,

Mexico; northwestern Cuba; Yucatan Chan-

nel (Williams 1984).

Rochinia crassa

(A. Milne-Edwards, 1879)

Known range.—Western Atlantic: Nan-

tucket Shoals, Massachusetts, to Gulf of

Mexico, off southern Texas; northern Cuba;

west of Cabo de la Vela, Colombia; off

French Guiana (Williams 1984). Recently,

a male measuring 89.2 mm carapace width

and 89.5 mm carapace length was caught

off Lunenburg, Nova Scotia, at 243 m (Mo-

riyasu et al. 2001). This first recorded oc-

currence of this species in Canadian waters

constitutes a northern range extension from

the previous northernmost occurrence on

Nantucket Shoals, Massachusetts (Williams

1984). Moriyasu et al. (2001) considered

this as a stray occurrence of this species in

Canadian waters.

Rochinia tanneri (Smith, 1883)

Known range.—Western Atlantic: off

Martha's Vineyard, Massachusetts, to

Straits of Florida (Williams 1984).

Rochinia umbonata (Stimpson, 1871)

Known range.—Western Atlantic: south-

east of Cape Lookout, North Carolina,
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through eastern and northern Gulf of Mex-
ico to northeast of Nicaragua; through West

Indies to St. Vincent (WilUams 1984).

Stenorhynchus seticornis (Herbst, 1788)

Remarks.—Goeke (1989) determined

that two co-occurring species were con-

fused under the name S. seticornis. He re-

stricted the specific description of S. seti-

cornis, redescribed the species, and selected

a neotype. This species occurs at 1-366 m
(Goeke 1989).

Known range.—Western Atlantic: Ber-

muda; Cape Fear, North Carolina, to Rio

Grande do Sul, Brazil, including Gulf of

Mexico, Antilles, and northern South

America (Williams 1984, Goeke 1989,

Melo 1998).

Stenorhynchus yangi Goeke, 1989

Remarks.—Goeke (1989:631) described

this species and provided a diagnosis, illus-

trations, color description, and discussed

morphological variation. This species oc-

curs at 31-365 m (Goeke 1989).

Known range.—Western Atlantic: off

Martha's Vineyard, Massachusetts, to Suri-

name, including Gulf of Mexico (Goeke

1989).

* Family Inachoididae Dana, 1851

Remarks.—Drach & Guinot (1983) pro-

posed elevating the Inachoidinae to family

level. This decision was corroborated with

morphological evidence (Guinot & Richer

de Forges 1997). The genera included with-

in this family are based on the recommen-
dation of Guinot & Richer de Forges

(1997). All species listed below were pre-

viously placed in the subfamily Inachinae

of the Majidae in Wilhams (1984).

Aepinus septemspinosus

(A. Milne-Edwards, 1879)

Known range.—Western Atlantic: south

of Cape Lookout, North Carolina; south-

west of Cape San Bias, Florida; Bahama

Banks to Sao Paulo, Brazil, and Fernando

de Noronha Archipelago and Rocas Atoll,

Brazil (Wilhams 1984, Melo 1998).

Anasimus latus Rathbun, 1894

Known range.—Western Atlantic: off

Cape Lookout, North Carolina, to Amapa,
Brazil, including Gulf of Mexico and An-
tilles (Williams 1984, Melo 1998).

Arachnopsis filipes Stimpson, 1871

Known range.—Western Atlantic: south-

east of Cape Hatteras, North Carolina; Gulf

of Mexico, off northwest Florida, through

Antilles to Rio Grande do Norte, Brazil

(Williams 1984, Melo 1998).

Batrachonotus fragosus Stimpson, 1871

Known range.—Western Atlantic: Cape

Hatteras, North Carolina, to southern and

western Florida; West Indies to Barbados

(Williams 1984).

Collodes robustus Smith, 1883

Known range.—Western Atlantic: Cape

Cod, Massachusetts, to southeast of Cape

Lookout, North Carolina (Wilhams 1984).

Collodes trispinosus Stimpson, 1871

Known range.—Western Atlantic: near

Cape Hatteras, North Carolina, to southern

and western Florida (Williams 1984); Ama-
pa, Rio de Janeiro, and Sao Paulo, Brazil

(Melo 1998).

Euprognatha rastellifera Stimpson, 1871

Known range.—Western Atlantic: off

Georges Bank to Uruguay, including Antil-

les (Williams 1984, Melo 1998 as E. acuta).

Inachoides forceps A. Milne-Edwards,

1879

Known range.—Western Atlantic: south-

east of Cape Lookout, North Carolina; west

coast of Florida to Rio de Janeiro, Brazil,
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including Antilles; the Guianas (Williams

1984, Melo 1998).

Pyromaia arachna Rathbun, 1924

Remarks.—Lemaitre et al. (2001) provid-

ed information on distinguishing character-

istics and congeneric comparisons. This

species occurs on mud, mud-sand, and

mud-shell sediments at 183-324 m depth

(Powers 1977).

Known range.—Western Atlantic: South

Carolina to Gulf of Mexico (Powers 1977,

Lemaitre et al. 2001).

Pyromaia cuspidata Stimpson, 1871

Known range.—Western Atlantic: off

Cape Lookout, North Carolina, to west

Florida; Cuba; Yucatan Channel to Nicara-

gua (Williams 1984).

* Family Mithracidae Balss, 1929

Remarks.—All species of Hemus, Ma-
crocoeloma, Microphrys, Mithrax, Mithra-

culus, and Stenocionops (listed below) were

previously placed in the subfamily Mithra-

cinae of the Majidae in Williams (1984).

Based on results of his investigation of

western Atlantic Mithrax crabs, Wagner

(1990) considered the morphological evi-

dence sufficient to warrant recognition of

distinct genera instead of two subgenera

within Mithrax; Mithraculus was elevated

to full generic status.

Hemus cristulipes A. Milne-Edwards,

1875

Known range.—Western Atlantic: off

Cape Lookout, North Carolina; South Car-

olina; northwest Gulf of Mexico and Yu-

catan, through West Indies to Rio de Janei-

ro, Brazil, and Fernando de Noronha Ar-

chipelago (WilHams 1984, Melo 1998).

Macrocoeloma camptocerum

(Stimpson, 1871)

Known range.—Western Atlantic: Beau-

fort Harbor, North Carolina; around south-

ern Florida to Alligator Harbor, Florida

(Williams 1984); Amapa to Maranhao, Bra-

zil (Melo 1998).

Macrocoeloma eutheca (Stimpson, 1871)

Known range.—Western Atlantic: south-

east of Cape Lookout, North Carolina; off

northwest Florida through Bahama Banks

and West Indies; Central America; Maran-

hao to Espirito Santo, Brazil (Williams

1984, Melo 1998).

Macrocoeloma trispinosum

(Latreille, 1825)

Macrocoeloma trispinosum, variety of

Rathbun, 1925

Macrocoeloma trispinosum nodipes

(Desbonne, 1867)

Remarks.—Williaims (1984:328) listed

these nominal taxa together in one species

account. No further investigation of these

taxa has been conducted, and further revi-

sion is needed. Until further results are

available, these taxa are considered as they

were in Williams (1984).

Known range (for M. trispinosum (La-

treille, 1825).—Western Atlantic: Beaufort,

North Carolina, to Alligator Harbor, Flori-

da; Yucatan; West Indies to Sao Paulo, Bra-

zil, and Fernando de Noronha Archipelago

(Williams 1984, Melo 1998).

Microphrys antillensis Rathbun, 1920

Known range.—Western Atlantic: Cape

Hatteras to Cape Fear, North Carolina; An-

tilles; Paraiba to Rio de Janeiro, Brazil

(Williams 1984, Melo 1998).

Microphrys bicornutus (Latreille, 1825)

Known range.—Western Atlantic: Ber-

muda; near Beaufort, North Carolina,

through Gulf of Mexico to Rio Grande do

Sul, Brazil; Fernando de Noronha Archi-

pelago, Brazil (Wilhams 1984, Melo 1998).
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* Mithracidus forceps

(A. Milne-Edwards, 1875)

Mithrax {Mithracidus) forceps (Milne Ed-

wards).—Williams. 1984:337.

Known range.—Western Adantic: Ber-

muda: Cape Hatteras. North Carolina,

thi'ough Gulf of Mexico and Antilles to Sao

Paulo, Brazil; Fernando de Noronha Archi-

pelago and Rocas Atoll. Brazil (Williams

1984, Wagner 1990, Melo 1998).

* Mithrax corniitiis de Saussure. 1857

Mithrax (Mithrax) acuticornis Stimpson.

—

Williams. 1984:332.

Remarks.—Wagner (1990) determined

that M. conmtus and M. acuticornis were

conspecific. Mithrax cornutus was original-

ly regarded as extralimital by Williams

(1984:484). This species occurs between

20-458 m (Wagner 1990).

Known range.—Western Atlantic: Ber-

muda; off Cape Lookout. North Carolina:

east and west coasts of Florida, through

Gulf of Mexico. Yucatan Channel, and

West Indies to Rio de Janeiro. Brazil (Wil-

liams 1984. Wagner 1990. Melo 1998).

* Mithrax hispidus (Herbst. 1790)

Mithrax {Mithrax) hispidus (Herbst).—Wil-

liams. 1984:333.

Mithrax {Mithrax) pleuracanthus Stimp-

son.—Williams, 1984:334.

Remarks.—Wagner (1990) placed M.
pleuracanthus in the synonymy of M. his-

pidus.

Known range.—Western Atlantic: Dela-

ware Bay; Bermuda; Beaufort, North Car-

olina; Charleston, South Carolina; Georgia

to Pensacola, Florida; northwestern Gulf of

Mexico to Yucatan Channel: Bahamas and

Florida Keys through West Indies: Colom-
bia to Sao Paulo. Brazil (Williams 1984,

Wagner 1990, Melo 1998).

* Mithrax spinosissimus (Lamarck. 1818)

Mithrax {Mithrax) spinosissimus (La-

marck).—Williams. 1984:335.

Known range.—Western Atlantic: North

(?) and South Carolina to Nicaragua,

through West Indies to Barbados; Venezue-

la (Williams 1984, Wagner 1990).

* Mithrax verrucosus H. Milne Edwards.

1832

Mithrax {Mithrax) verrucosus H. Milne Ed-

wards.—Williams, 1984:336.

Known range.—Western Atlantic:

Charleston, South Carolina: Florida; Cam-
peche Banks; Curasao; Venezuela; West In-

dies to Fernando de Noronha Archipelago

and Rocas Atoll. Brazil (Wilhams 1984.

Wagner 1990, Melo 1998).

Stenocionops furcata coelata

(A. Milne-Edwards. 1878)

Known range.—Western Atlantic: Beau-

fort, Noith Carolina, to northwest Florida

and Alabama; Yucatan Channel: West In-

dies to Barbados (Williams 1984).

Stenocionops fiircata furcata

(Olivier. 1791)

Remarks.—This subspecies was only ref-

erenced in the remarks section of S. f coe-

lata in Williams (1984). It is unclear why
5. / furcata was not given a full account

since its geographic range and depth distri-

bution (shallow water to 64 m) were clearly

within the limits of coverage. Much con-

fusion suiTounds identification of members
of this species group, and more research is

needed (D. Felder. pers. comm.). Until such

time, both subspecies are considered valid

as in Williams (1984).

Known range.—Western Atlantic: Geor-

gia to Rio Grande do Sul. Brazil, including

Antilles and Colombia (Williams 1984,

Melo 1998).

Stenocionops spinimana (Rathbun. 1892)

Known range.—Western Atlantic: off

Cape Hatteras. North Carolina, to Florida

Straits; Gulf of Mexico, off Mobile Bay,
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Alabama, and east of Chandeleur Island, off

Mississippi (Williams 1984); Sao Paulo,

Brazil (Melo 1998).

Stenocionops spinosissima

(de Saussure, 1857)

Remarks.—This species was considered

extralimital by Williams (unpublished), but

reported occurrence off North Carolina

(Powers 1977) indicated that this species

should be included. This species occurs at

depths of 46-480 m on mud and sand sed-

iments (Powers 1977, Melo 1998), with its

center of distribution in the Gulf of Mexico

at 110-183 m (Powers 1977).

Known range.—Western Atlantic: off

North Carolina; south and southwest Flor-

ida; off Texas and east coast of Mexico;

north coast of Cuba; Haiti; Guadeloupe;

Dominica; Rio Grande do Norte to Rio

Grande do Sul, Brazil; Fernando de Noro-

nha Archipelago, Brazil (Powers 1977,

Melo 1998).

* Family Oregoniidae Garth, 1958

Remarks.—Family level status was sup-

ported by a cladistic analysis (Clark &
Webber 1991) and morphological evidence

(Guinot & Bouchard 1998). In their classi-

fication, Martin & Davis (2001) recognized

this taxon at the subfamily level. All species

listed below were previously placed in the

subfamily Oregoniinae of the Majidae in

Williams (1984).

Chionoecetes opilio opilio

(O. Fabricius, 1788)

Known range.—^Western Atlantic: Green-

land south to St. Lawrence estuary and Gulf

of Maine; Arctic-North Pacific: Point Barrow,

Alaska, and northeastern Siberia through Ber-

ing Strait to Alaskan Peninsula and Aleutian

chain; Eastern Pacific: Kamchatka; Okhotsk

Sea southward to Japan (Wilhams 1984).

Hyas araneus (Linnaeus, 1758)

Known range.—Western Atlantic: West

Greenland to Rhode Island; Arctic-North

Atlantic: between Greenland and Iceland;

Spitsbergen; Kara Sea; Eastern Atlantic:

through British Isles and northwest France

(WiUiams 1984, Squires 1990).

Hyas coarctatus coarctatus Leach, 1815

Known range.—Western Atlantic: Hud-

son Bay and Greenland to North Carolina;

Arctic-Eastern Atlantic: Murman Sea to

Iceland and the British Isles (Williams

1984, Squires 1990).

* Family Pisidae Dana, 1851

Remarks.—The following six species

(listed below) were previously placed in the

subfamily Pisinae of the Majidae in Wil-

liams (1984).

Coelocerus spinosus A. Milne-Edwards,

1875

Known range.—Western Atlantic: off

Cape Fear, North Carolina, to Cape Can-

averal, Florida; west Florida to east of Mis-

sissippi River delta (Williams 1984).

Libinia dubia H. Milne Edwards, 1834

Known range.—Western Atlantic: Cape

Cod, Massachusetts, to southern Texas; Ba-

hamas; Cuba (Wilhams 1984).

Libinia emarginata Leach, 1815

Known range.—Western Atlantic: Prince

Edward Island and Nova Scotia to western

Gulf of Mexico (Williams 1984, Squires

1990).

Nibilia antilocapra (Stimpson, 1871)

Known range.—Western Atlantic: off

Cape Hatteras, North Carolina, to Gulf of

Mexico just east of Mississippi River delta;

Gulf of Campeche; Antilles; off Guyana;

Rio Grande do Norte and Rio Grande do

Sul, Brazil (Wilhams 1984, Melo 1998).
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Pelia mutica (Gibbes, 1850)

Known range.—Western Atlantic: Buz-

zards Bay and Vineyard Sound, Massachu-

setts, to Texas; Cuba; Puerto Rico; St.

Thomas, U.S. Virgin Islands (Williams

1984).

* Family Tychidae Dana, 1851

Remarks.—All species listed below were

previously placed in the subfamily Tychi-

nae of the Majidae in Williams (1984).

Pitho Iherminieri (Schramm, 1867)

Known range.—Western Atlantic: off

Beaufort Inlet, North Carolina, to west

Florida; Veracruz, Mexico; West Indies to

Sao Paulo, Brazil (Williams 1984).

Tyche emarginata White, 1847

Known range.—Western Atlantic: off

Beaufort Inlet, North Carolina, through Ba-

hamas to west coast of Florida (Williams

1984); Antilles; Rio Grande do Norte, Bra-

zil (Melo 1998). -

Superfamily Parthenopoidea MacLeay,

1838

Family Parthenopidae MacLeay, 1838

Subfamily Parthenopinae MacLeay, 1838

Remarks.—Ng & Rodriguez (1986) did

not recognize subgenera within the genus

Parthenope; Platylambrus was assigned

full generic status.

* Celatopesia concava (Stimpson, 1871)

Cryptopodia concava Stimpson.—Wil-

liams, 1984:346.

Remarks.—Chiong & Ng (1998) deter-

mined that the American species of the ge-

nus Cryptopodia, including C. concava, dif-

fered markedly in carapace appearance

from that of the Indo-West Pacific species.

Celatopesia was described, and the Amer-
ican species formerly included in Crypto-

podia were referred to the new genus

(Chiong & Ng 1998). Generic comparisons,

species redescription and illustrations were

also provided (Chiong & Ng 1998).

Known range.—Western Atlantic: south-

east of Cape Lookout, North Carolina; east

central Florida; south of Cape San Bias,

Florida, to St. Thomas, U.S. Virgin Islands;

through Antilles; Maranhao to Rio de Ja-

neiro, Brazil (WiUiams 1984, Melo 1998).

Heterocrypta granulata (Gibbes, 1850)

Known range.—Western Atlantic: from

Nantucket Sound, Massachusetts, around

peninsular Florida to southern Texas;

through West Indies to Trinidad; Ceara to

Parana, Brazil (Williams 1984, Melo 1998).

Mesorhoea sexspinosa Stimpson, 1871

Known range.—Western Atlantic: south-

east of Cape Lookout, North Carolina; off

northwest Florida to Flanagan Passage, Vir-

gin Islands (Wilhams 1984).

* Parthenope agona (Stimpson, 1871)

Parthenope {Parthenope) agona (Stimp-

son).—WiUiams, 1984:342.

Known range.—Western Atlantic: off

Cape Hatteras and Cape Lookout, North

Carolina; east central Florida; Gulf of Mex-
ico (Pensacola, Florida to near Ft. Myers,

Florida), through Florida Straits, West In-

dies and Caribbean Sea to Parana, Brazil

(Williams 1984, Melo 1998).

* Platylambrus fraterculus

(Stimpson, 1871)

Parthenope {Platylambrus) fraterculus

(Stimpson).—Williams, 1984:343.

Known range.—Western Atlantic: off

Cape Fear, North Carolina; east central

Florida southward; Gulf of Mexico (off

Cape San Bias, Florida) to Florida Straits;

off Cape Catoche, Yucatan, Mexico;

through West Indies to Rio Grande do Sul,

Brazil (Williams 1984, Melo 1998).
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* Platylambrus granulata

(Kingsley, 1879)

Parthenope {Platylambrus) granulata

(Kingsley).—Williams, 1984:344.

Known range.—Western Atlantic: Ber-

muda; off Cape Hatteras, North Carolina,

southward around Florida into Gulf of

Mexico to Louisiana; Bahia Honda, Cuba

(?); St. Thomas, U.S. Virgin Islands (Wil-

liams 1984).

^ Platylambrus pourtalesii

(Stimpson, 1871)

Parthenope {Platylambrus) pourtalesii

(Stimpson).—WiUiams, 1984:345.

Known range.—Western Atlantic: off

Martha's Vineyard, Massachusetts; New
Jersey to southern Florida; Gulf of Mexico

through West Indies to Grenada (Williams

1984, Abele & Kim 1986).

Solenolambrus tenellus Stimpson, 1871

Known range.—Western Atlantic: off

Cape Lookout, North Carolina; east central

Florida southward, including the Florida

Keys, into eastern Gulf of Mexico to near

Cape St. George, Florida; Bahamas; Bar-

bados (WiUiams 1984, Abele & Kim 1986).

Solenolambrus typicus Stimpson, 1871

Known range.—Western Atlantic: south-

east of Cape Lookout, North Carolina;

western Gulf of Mexico off Corpus Christi,

Texas, and north of Yucatan; Nicaragua

Shelf; southern Florida through West Indies

to Suriname and Rio de Janeiro, Brazil

(Williams 1984, Melo 1998).

Superfamily Cancroidea Latreille, 1802

Family Cancridae Latreille, 1802

Remarks.—Based on fossil evidence (pri-

marily characters of the carapace and che-

lipeds) Nations (1975) recognized four sub-

genera {Glebocarcinus Nations, 1975, Rom-
aleon Gistl, 1848, Metacarcinus A. Milne-

Edwards, 1862, Cancer, sensu stricto

Linnaeus, 1758) within the genus Cancer.

Williams (1984) adopted this classification.

Schweitzer & Feldmann (2000) re-evaluat-

ed the Cancridae and elevated the subgen-

era of Nations (1975) to full generic status,

again basing their conclusions only on fos-

sil evidence. This classification has not

gained acceptance with researchers working

on extant species. Until more thorough in-

vestigation, incorporating a broader range

of characters, is conducted, the classifica-

tion of WiUiams (1984) will be followed.

Williams & Wahle (1992) summarized and

illustrated the differences between juvenile

Cancer borealis and C irroratus.

Cancer {Metacarcinus) borealis Stimpson,

1859

Known range.—Western Atlantic: Nova
Scotia to south of Dry Tortugas, Florida

(WUliams 1984).

Cancer {Cancer) irroratus Say, 1817

Known range.—Western Atlantic: Lab-

rador to off Miami, Florida (Williams

1984).

Superfamily Portunoidea Rafinesque, 1815

Family Geryonidae Colosi, 1923

* Chaceon quinquedens (Smith, 1879)

Geryon quinquedens Smith.—Williams,

1984:485.

Remarks.—Williams (1984) considered

this species to be extralimital. Manning &
Holthuis (1989) described the new genus

Chaceon for 21 species including C. quin-

quedens. This species occurs at 40—2155 m
depth, but is usually found at the shelf edge

or on the continental slope (Wigley et al.

1975, WiUiams 1984).

Known range.—Western Atlantic: Nova
Scotia southward to Gulf of Mexico; Cuba;

Brazil and Argentina (Wigley et al. 1975,

Williams & Wigley 1977, WiUiams 1984).
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Family Portunidae Rafinesque, 1815

Subfamily Carcininae Alcock, 1899

Carcinus maenas (Linnaeus, 1758)

Remarks.—Behrens Yamada & Hauck

(2001) provided extensive information on

distinguishing characteristics of this species

and evaluated the usefulness of these char-

acters in making field identifications.

Known range.—Western Atlantic (intro-

duced): Northumberland Strait and Cape

Breton to Virginia; Eastern Atlantic: Ice-

land; Norway, including southwestern and

rarely southern Baltic Sea, through North

Sea and British Isles to Mauritania; north-

west Africa; also introduced to South Af-

rica; Madagascar; Red Sea; Myanmar; In-

dia; Ceylon; Japan; Australia; Tasmania

(Williams 1984, Squires 1990, Behrens Ya-

mada & Hauck 2001); multiple eastern Pa-

cific localities, including sites in California,

Oregon, Washington, and Vancouver Is-

land, British Colombia (Cohen et al. 1995,

Grosholz & Ruiz 1996, Behrens Yamada et

al. 2000).

Subfamily Polybiinae Ortmann, 1893

Bathynectes longispina Stimpson, 1871

Remarks.—Williams (1984) considered

this species to be extralimital. This species

has been captured and observed recently at

depths somewhat shallower (124-152 m; V
Guida, pers. comm.) than previously re-

ported (100-1455 m, commonly >200 m;

Williams & Wigley 1977). Manning & Hol-

thuis (1981) reported that western Atlantic

specimens identified as B. superbus (Costa,

1853) are actually B. longispina.

Known range.—Western Atlantic: Mar-

tha's Vineyard, Massachusetts, to off Mis-

sissippi River delta southward to Goajara

Peninsula, Colombia; Bermuda (Williams

1984).

Ovalipes ocellatus (Herbst, 1799)

Known range.—Western Atlantic: North-

umberland Strait, Prince Edward Island, to

Georgia (Williams 1984).

Ovalipes stephensoni Williams, 1976

Known range.—Western Atlantic: south-

ern New Jersey to Biscayne Bay, Florida

(Wilhams 1984, Stehhk et al. 1991).

Subfamily Portuninae Rafinesque, 1815

Arenaeus cribrarius (Lamarck, 1818)

Remarks.—Juveniles of this species were

collected at 6-10 m on sand and mud-sand

sediments (Scelzo 2001).

Known range.—Western Atlantic: Vine-

yard Sound, Massachusetts, to Mar del Pla-

ta, Argentina (Williams 1984, Scelzo 2001).

Callinectes bocourti A. Milne-Edwards,

1879

Known range.—Western Atlantic: occa-

sionally North Carolina, Florida, and Mis-

sissippi; otherwise Jamaica; Belize to Santa

Catarina, Brazil, including Antilles and

northern coast of South America (Williams

1984, Melo 1998).

Callinectes danae Smith, 1869

Known range.—Western Atlantic: Ber-

muda; New Hanover County, North Caro-

lina (near Cape Fear); southern Florida;

eastern side of Yucatan Peninsula to Rio

Grande do Sul, Brazil, including Antilles

and northern coast of South America (Wil-

liams 1984, Melo 1998).

Callinectes exasperatus

(Gerstaecker, 1856)

Known range.—Western Atlantic: Ber-

muda; Duval County, east of Jacksonville,

Florida, to Santa Catarina, Brazil, including

Antilles and Venezuela; extreme southern

Texas; Veracruz, Mexico (Williams 1984,

Melo 1998).

Callinectes larvatus Ordway, 1863

Known range.—Western Atlantic: Ber-

muda; Beaufort, North Carolina, through

Caribbean Sea to Sao Paulo, Brazil, includ-

ing Antilles (Williams 1984, Melo 1998).
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Callinectes ornatus Ordway, 1863

Known range.—Western Atlantic: Vir-

ginia through southern Florida; Bermuda;

northwestern Yucatan to Rio Grande do

Sul, Brazil, including Antilles (Williams

1984, Melo 1998).

Callinectes sapidus Rathbun, 1896

Known range.—Western Atlantic: Cape

Cod, Massachusetts, to northern Argentina,

including Bermuda, Antilles, Central Amer-

ica, and Venezuela (occasionally north of

Cape Cod to Maine and Nova Scotia, in

favorably warm periods); Eastern Atlantic:

0resund, Denmark; the Netherlands and ad-

jacent North Sea; northwest and southwest

France; Mediterranean Sea, including

northern Adriatic, Aegean, and western

Black seas; Eastern Pacific: Japan (Wil-

liams 1984, Squires 1990, Melo 1998).

Callinectes similis Williams, 1966

Known range.—Western Atlantic: off

Delaware Bay to Key West, Florida; north-

western Florida around Gulf of Mexico to

off Campeche, Yucatan; Isla de Providen-

cia, Colombia (Williams 1984).

Cronius ruber (Lamarck, 1818)

Known range.—Western Atlantic: Little

Egg Inlet, New Jersey; Rehoboth Bay, Del-

aware; Virginia; South Carolina to Rio

Grande do Sul, Brazil, including Central

America, Antilles, and northern South

America; Eastern Atlantic: West Africa

from Mauritania to Angola; Cape Verde,

Principe, Sao Tome and Annobon islands;

Eastern Pacific: Baja California to Peru;

Clipperton Island; Galapagos Islands (Wil-

liams 1984, Melo 1998).

Portunus anceps (de Saussure, 1858)

Known range.—Western Atlantic: Ber-

muda; Cape Hatteras, North Carolina, to

Rio de Janeiro, Brazil, including Antilles

(Williams 1984, Melo 1998).

Portunus depressifrons (Stimpson, 1859)

Known range.—Western Atlantic: Ber-

muda; Fort Macon, North Carolina, through

northwest Florida to Gulf of Campeche and

Caribbean Sea (Williams 1984).

Portunus floridanus Rathbun, 1930

Known range.—Western Atlantic: east of

Cape Lookout, North Carolina, to Nicara-

gua; through West Indies and northern

South America to Suriname (Williams

1984).

Portunus gibbesii (Stimpson, 1859)

Known range.—Western Atlantic: south-

ern Massachusetts through Gulf of Mexico
along coast to French Guiana (Williams

1984); Bahia, Brazil (Melo 1998).

Portunus ordwayi (Stimpson, 1860)

Known range.—Western Atlantic: Vine-

yard Sound, Massachusetts; Bermuda;
North Carolina through Gulf of Mexico,

West Indies and Caribbean Sea to Rio

Grande do Sul, Brazil; Fernando de Noro-

nha, Brazil (Wilhams 1984, Melo 1998).

Portunus sayi (Gibbes, 1850)

Known range.—Western Atlantic: off the

Grand Banks through Gulf of Mexico to the

Guianas; Bermuda; Eastern Atlantic: Ca-

nary Islands; Morocco (Williams 1984,

Squires 1990).

Portunus spinicarpus (Stimpson, 1871)

Known range.—Western Atlantic: off

Oregon Inlet, North Carolina, to Santa Ca-

tarina, Brazil, including Antilles and north-

ern South America (Williams 1984, Melo
1998).

Portunus spinimanus Latreille, 1819

Known range.—Western Atlantic: New
Jersey to Rio Grande do Sul, Brazil, in-

cluding Gulf of Mexico, West Indies and
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northern South America; Bermuda (Wil-

hams 1984, Melo 1998).

Superfamily Xanthoidea MacLeay. 1838

Remarks.—Guinot (1978) concluded that

Xanthidae actually represented eight differ-

ent families (Carpiliidae Oilmann. 1893,

Menippidae Ortmann, 1893, Platyxanthidae

Guinot. 1977, Xanthidae McLeay, 1838.

Panopeidae Ortmann. 1893, Pilumnidae Sa-

mouelle. 1819. Trapeziidae Miers. 1886.

and Geryonidae Colosi, 1924) which

should be recognized under the superfamily

Xanthoidea. Williams (1984) elected not to

adopt this classification. Instead, he placed

the majority of xanthid taxa (exclusive of

the Goneplacidae) under the single family

Xanthidae. In the intervening years. Guin-

ot's classification, with minor modification,

has gained acceptance by the majority of

crustacean researchers (Schubart, Neigel. &
Felder 2000, Martin & Davis 2001).

Family Goneplacidae MacLeay, 1838

Remarks.—The Goneplacidae has long

been recognized as containing heterogenous

groups of genera (Hendrickx 1998. and ref-

erences therein). Because revisionary stud-

ies of the Goneplacidae are still in progress,

formal subdivision into subfamilies is not

attempted here. Furthermore, after further

revision of this family, it is likely that new
families will be added and subfamilies el-

evated to full family status (Guinot 1978.

Williams 1984. Sternberg, pers. comm.).

Euiyplax nitida Stimpson, 1859

Known range.—^Western Atlantic: Ber-

muda: off Beaufort. North Carolina, to

Heald Bank, Texas; Antilles to Santa Ca-

tarina, Brazil (Williams 1984, Melo 1998).

Frevillea hirsiita (Borradaile, 1916)

Known range.—Western Atlantic: North

Carolina to Rio Grande do Sul, Brazil (Wil-

liams 1984. Melo 1998).

Goneplax sigsbei

(A. Milne-Edwards, 1880)

Known range.—Western Atlantic: east of

Cape Fear, North Carolina; Grenada (Wil-

liams 1984).

Speocarcinus carolinensis Stimpson, 1859

Known range.—Western Atlantic: south

of Cape Hatteras. North Carolina, to Rio

Grande do Sul, Brazil, including West In-

dies (Williams 1984, Melo 1998).

* Family Menippidae Ortmann, 1893

Remarks.—Williams (1984) listed these

taxa under the family Xanthidae.

Ehpliia gonagra (Fabricius, 1781)

Known range.—Western Atlantic: Ber-

muda; North Carolina to Patagonia, includ-

ing Central America, Antilles, and northern

South America (Williams 1984, Melo
1998).

Menippe mercenaria (Say, 1818)

Remarks.—Willicims & Felder (1986)

recognized two morphologically distinct

populations of stone crab in the Gulf of

Mexico and determined that these popula-

tions represented distinct species. Range of

Menippe mercenaria was restricted; M. ad-

ina Williams & Felder, which ranges from

northwestern Florida around the Gulf of

Mexico to Tamaulipas State, Mexico, was

described (Williams & Felder 1986).

Known range.—Western Atlantic: Cape

Lookout. North Carolina, through peninsu-

lar Florida; Bahamas and Greater Antilles

to Yucatan Peninsula, Mexico; and Belize

(Williams & Felder 1986).

* Family Panopeidae Ortmann, 1893

Remarks.—Williams (1984) listed these

taxa under the family Xanthidae. Genera in-

cluded in this family were based on the

conclusions of Guinot (1978) and subse-

quent acceptance of generic placements by



138 PROCEEDINGS OF THE BIOLOGICAL SOCIETY OF WASHINGTON

Martin & Abele (1986). Schubart, Neigel,

& Felder (2000) presented a molecular phy-

logeny of western Atlantic Panopeidae.

* Dyspanopeus sayi (Smith, 1869)

Neopanope sayi (Smith).—Williams, 1984:

409.

Remarks.—Martin & Abele (1986) de-

scribed the new genus Dyspanopeus for D.

sayi (occurring in the western Atlantic) and

D. texanus (occurring in the Gulf of Mex-
ico).

Known range.—Western Atlantic: south-

ern Gulf of St. Lawrence to Florida Keys;

Eastern Atlantic (introduced): Bristol Chan-

nel, United Kingdom (Williams 1984,

Squires 1990).

Eurypanopeus abbreviatus

(Stimpson, 1860)

Known range.—Western Atlantic: South

Carolina to Rio Grande do Sul, Brazil, in-

cluding Gulf of Mexico, Antilles, and

northern South America (Williams 1984,

Melo 1998).

Eurypanopeus depressus (Smith, 1869)

Known range.—Western Atlantic: Mas-

sachusetts Bay through Florida to southern

Texas; Dutch West Indies; Uruguay; Ber-

muda (Williams 1984).

Eurytium limosum (Say, 1818)

Known range.—Western Atlantic: Ber-

muda; South Carolina; Louisiana to Santa

Catarina, Brazil, including West Indies and

Caribbean Sea (Williams 1984, Melo
1998).

Glyptoplax smithii A. Milne-Edwards,

1880

Remarks.—This species previously was

placed in the family Goneplacidae (Wil-

liams 1984). Guinot (1978) transferred this

species to the Panopeidae; Martin & Abele

(1986) adopted this arrangement.

Known range.—Western Atlantic: Cape
Hatteras, North Carolina, to Gulf of Mexico
and Yucatan Channel (Williams 1984).

Hexapanopeus angustifrons

(Benedict & Rathbun, 1891)

Known range.—Western Atlantic: Vine-

yard Sound, Massachusetts, to Port Aran-

sas, Texas; West Indies; Pernambuco to

Santa Catarina, Brazil (Williams 1984,

Melo 1998).

Hexapanopeus paulensis Rathbun, 1930

Known range.—Western Atlantic: South

Carolina to Uruguay, including Gulf of

Mexico (WiUiams 1984).

Panopeus herbstii H. Milne Edwards,

1834

Remarks.—Williams (1983) examined
the Panopeus herbstii species complex and

determined that 'forms' previously recog-

nized by Rathbun (1930) were sufficiently

different and represented distinct species.

As a result, P. herbstii was better defined,

and its range determined to be the shallow

intertidal and subtidal waters of the eastern

United States.

Known range.—Western Atlantic: Bos-

ton Harbor, Massachusetts, to Indian River

County, Florida (WiUiams 1983).

Panopeus obesus Smith, 1869

Remarks.—This species was recognized

previously as a form of Panopeus herbstii

(Rathbun 1930). WilHams (1983) rediag-

nosed this form and elevated it to full spe-

cies rank; diagnosis, measurements, and

color description of this species were also

provided. Panopeus obesus is found in

marsh edge, and shallow intertidal and sub-

tidal waters of the Carolinian province.

Known range.—Western Atlantic: Beau-

fort, North Carolina, to northeastern Flori-

da; Sarasota County, Florida, to Louisiana;

Texas; northern Mexico (Williams 1983).
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Panopeus occidentalis de Saussure, 1857

Known range.—Western Atlantic: Ber-

muda; North Carolina to Santa Catarina,

Brazil, including Central America, Antilles

and northern South America (Williams

1984, Melo 1998).

Pilwnnus floridanus Stimpson, 1871

Known range.—Western Atlantic: off

Cape Lookout, North Carolina, to Bahia,

Brazil, including Gulf of Mexico, Yucatan

Channel, Central America, Venezuela, and

West Indies (Williams 1984, Melo 1998).

Panoplax depressa Stimpson, 1871

Remarks.—This species was placed pre-

viously in the family Goneplacidae (Wil-

liams 1984). Guinot (1978) transferred this

species to the Panopeidae; Martin & Abele

(1986) adopted this arrangement.

Known range.—Western Atlantic: south-

east of Cape Lookout, North Carolina; off

Jacksonville and Cape San Bias, Florida;

through Antilles; Amapa to Pernambuco,

Brazil (Wilhams 1984, Melo 1998).

Piliimniis lacteus Stimpson, 1871

Known range.—Western Atlantic: near

Beaufort, North Carolina, to Florida; Cuba
(Williams 1984).

Pilumnus pannosus Rathbun, 1 896

Known range.—Western Atlantic: Bogue
Sound, off Beaufort, North Carolina, to Port

Aransas, Texas; West Indies to Virgin Is-

lands (Williams 1984).

Rhithropanopeus harrisii (Gould, 1841)

Known range.—Western Atlantic: south-

western Gulf of St. Lawrence to Veracruz,

Mexico; Eastern Atlantic (introduced):

parts of Europe; Eastern Pacific (intro-

duced): west coast of United States (Wil-

hams 1984, Squires 1990).

* Family Pilumnidae Samouelle, 1819

Remarks.—Williams (1984) listed these

taxa under the family Xanthidae.

Lobopilumnus agassizii (Stimpson, 1871)

Known range.—Western Atlantic: Ber-

muda; North Carolina; eastern Gulf of

Mexico; Yucatan; Cuba; Venezuela; Trini-

dad (Wilhams 1984).

Pilumnus dasypodus Kingsley, 1879

Known range.—Western Atlantic: off

Cape Hatteras, North Carolina, to Santa Ca-

tarina, Brazil, including Gulf of Mexico,

Caribbean Sea, and West Indies (Williams

1984, Melo 1998).

Pilumnus sayi Rathbun, 1897

Known range.—Western Atlantic: North

Carolina to Curasao, including Gulf of

Mexico and West Indies (Williams 1984).

* Family Pseudorhombilidae Alcock,

1900

Remarks.—This taxon was previously

considered a subfamily (Pseudorhombili-

nae) within the Goneplacidae (Williams

1984). Hendrickx (1998) proposed the fam-

ily designation to accommodate six genera.

Nanoplax xanthiformis

(A. Milne-Edwards, 1881)

Known range.—Western Atlantic: Cape

Hatteras, North Carolina, to Rio de Janeiro,

Brazil, including Gulf of Mexico, Yucatan,

West Indies, and northern South America

(Wilhams 1984, Melo 1998).

* Family Trapeziidae Miers, 1886

Remarks.—Williams (1984) listed this

taxon under the family Xanthidae.
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Domecia acanthophora acanthophora

(Desbonne & Schramm, 1867)

Known range.—Western Atlantic: Ber-

muda; Cape Lookout Shoals, North Caro-

lina; northwestern Gulf of Mexico to Ala-

goas, Brazil, including West Indies and Ca-

ribbean Sea (Wilhams 1984, Melo 1998).

Family Xanthidae MacLeay, 1838

Allactaea lithostrota Williams, 1974

Known range.—Western Atlantic: Ber-

muda; off Cape Lookout, North Carolina;

Florida Straits; off Cape Catoche, Yucatan;

off Venezuela and Suriname (Williams

1984); Antilles; off Rio de Janeiro to Rio

Grande do Sul, Brazil (Melo 1998).

Carpoporus papulosus Stimpson, 1871

Known range.—Western Atlantic: be-

tween Cape Hatteras and Cape Lookout,

North Carolina; Gulf of Mexico, off Mobile

Bay southeastward; Cape Catoche, Yucatan

(Wilhams 1984).

Micropanope sculptipes Stimpson, 1871

Known range.—Western Atlantic: south-

east of Cape Lookout, North Carolina, to

Port Aransas, Texas; West Indies to Bar-

bados; Amapa to Rio de Janeiro, Brazil

(Wilhams 1984, Melo 1998).

Micropanope urinator

(A. Milne-Edwards, 1881)

Known range.—Western Atlantic: off

Cape Hatteras and Cape Lookout, North

Carolina; Florida Keys to St. Croix (Wil-

liams 1984); Antilles; Para to Maranhao,

Brazil (Melo 1998).

Paractaea rufopunctata nodosa

(Stimpson, 1860)

Known range.—Western Atlantic: south-

east of Cape Lookout, North Carolina; off

Mississippi River delta, through West In-

dies to Uruguay; Central Atlantic: Ascen-

sion Island (Wilhams 1984, Melo 1998).

Glyptoxanthus erosus (Stimpson, 1859)

Known range.—Western Atlantic: Cape

Lookout, North Carolina, southward around

Florida into Gulf of Mexico to off Grand

Isle, Louisiana; Yucatan; West Indies to

Guadeloupe (Williams 1984).

Melybia thalamita Stimpson, 1871

Known range.—Western Atlantic: off

Cape Lookout, North Carolina, southwest

of Mississippi River delta to Sao Paulo,

Brazil, including West Indies and northern

South America (Williams 1984, Melo
1998).

Micropanope nuttingi (Rathbun, 1898)

Known range.—Western Atlantic: Cape

Hatteras, North Carolina, to Sao Paulo, Bra-

zil, including Gulf of Mexico and West In-

dies (Williams 1984, Melo 1998).

Pseudomedaeus agassizii

(A. Milne-Edwards, 1880)

Known range.—Western Atlantic: Cape

Hatteras, North Carolina, to southern Texas

(Wilhams 1984).

Pseudomedaeus distinctus (Rathbun, 1898)

Known range.—Western Atlantic: off

Cape Hatteras, North Carolina, through

Straits of Florida to northwest of Dry Tor-

tugas; Puerto Rico; Barbados (Williams

1984).

Tetraxanthus rathbunae Chace, 1939

Known range.—Western Atlantic: off

Cape Lookout, North Carolina, to Rio

Grande do Sul, Brazil, including Gulf of

Mexico and Antilles (WiUiams 1984, Melo

1998).
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Superfamily Pinnotheroidea De Haan,

1833

Family Pinnotheridae De Haan, 1833

Remarks.—Marques & Pohle (1995)

conducted a phylogenetic analysis of this

family using larval characters and demon-

strated that several taxa are paraphyletic

taxa and that further analysis will be needed

to resolve relationships within this family.

Subfamily Pinnotherinae De Haan, 1833

Remarks.—Griffith (1987) presented a

hypothesis of phylogenetic relationships

within the genus Dissodactylus based on

adult morphology. Marques & Pohle (1995)

conducted a phylogenetic analysis of mem-
bers of this genus using larval characters

and produced results that only partially cor-

roborated the relationships proposed by

Griffith (1987). In a separate analysis, both

data sets (adult morphology and larval mor-

phology) were combined (Marques & Pohle

1995). Results of this analysis provided a

more robust hypothesis of relationships

than when either character set was analyzed

independently.

Dissodactylus crinitichelis Moreira, 1901

Known range.—Western Atlantic: south-

east of Cape Lookout, North Carolina; off

northwest Florida; Caribbean Sea and South

America to Rio de la Plata, Argentina (Wil-

liams 1984).

Dissodactylus mellitae (Rathbun, 1900)

Known range.—Western Atlantic: west-

ern Vineyard Sound, Massachusetts, to

Charleston, South Carolina; Hutchinson Is-

land, east Florida; western Florida; off Gal-

veston, Texas (Williams 1984).

* Gemmotheres chamae (Roberts, 1975)

Pinnoilieres chamae Roberts.—Williams,

1984:440.

Remarks.—Campos (1996) described the

new genus Gemmotheres for P. chamae; il-

lustrations were also provided.

Known range.—Western Atlantic: North

Carolina coast (Williams 1984, Campos
1996).

Parapinnixa beaufortensis Rathbun,

1918

Remarks.—Williams (1984) considered

this species to be extralimital.

Known range.—Western Atlantic: off

Beaufort, North Carolina (Williams 1984).

Parapinnixa bouvieri Rathbun, 1918

Known range.—Western Atlantic: off

Charleston, South Carolina; south of Dry
Tortugas, Florida; off Cape Catoche, Yu-

catan; Puerto Rico; Amapa, Brazil (Wil-

liams 1984, Melo 1998).

Parapinnixa hendersoni Rathbun, 1918

Known range.—Western Atlantic: south-

east of Cape Lookout, North Carolina; off

Tampa Bay, Florida, through West Indies to

Curasao; Venezuela; Maranhao to Espirito

Santo, Brazil (WilUams 1984, Melo 1998).

Pinnaxodes floridensis Wells and Wells,

1961

Known range.—Western Atlantic: off

North Carolina to Georgia; northwest Flor-

ida (WilUams 1984).

^ Tumidotheres maculatus (Say, 1818)

Pinnotheres maculatus Say.—Williams,

1984:441.

Remarks.—Campos (1989) described the

new genus Tumidotheres and discussed ge-

neric relationships and life history traits.

Known range.—Western Atlantic: off

Martha's Vineyard, Massachusetts, to Golfo

San Matias, Argentina (Williams 1984).

"^ Zaops ostreum (Say, 1817)

Pinnotheres ostreum Say.—Williams, 1984:

444.
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Remarks.—Manning (1993) concluded

that Zaops Rathbun, 1900 should be re-

moved from the synonymy of Pinnotheres

and recognized as a distinct genus. Addi-

tionally, other pinnotherid genera formerly

placed in the synonymy of Pinnotheres

were diagnosed, figured and differentiated

from Pinnotheres sensu Manning (1993).

Known range.—Western Atlantic: Salem,

Massachusetts, to Santa Catarina, Brazil

(Williams 1984).

Subfamily Pinnothereliinae Alcock, 1900

* Austinixa cristata (Rathbun, 1900)

Pinnixa cristata

1984:453.

Rathbun.—Williams,

Remarks.—Heard & Manning (1997)

recognized and described the new genus

Austinixa for Pinnixa cristata and six other

species formerly assigned to Pinnixa.

Known range.—Western Atlantic: Beau-

fort, North Carolina, to Miami, Florida;

northern and southwestern Gulf of Mexico
(Manning & Felder 1989); Central Ameri-

ca; Brazil (Melo 1998).

Pinnixa chaetopterana Stimpson, 1860

Known range.—Western Atlantic: Well-

fleet, Massachusetts, to Rio Grande do Sul,

Brazil (WilUams 1984).

Pinnixa cylindrica (Say, 1818)

Known range.—Western Atlantic: North

Falmouth, Massachusetts, to Pensacola,

Florida, including Dry Tortugas (Williams

1984).

Pinnixa floridana Rathbun, 1918

Known range.—Western Atlantic: south-

east of Cape Lookout, North Carolina;

Hutchinson Island, east Florida; west coast

of Florida (Williams 1984).

Pinnixa lunzi Glassell, 1937

Known range.—Western Atlantic: off the

eastern shore of Virginia; North and South

Carolina; Georgia; off Mississippi River

delta; Seven and One-Half Fathom Reef,

off Texas (WilUams 1984).

Pinnixa retinens Rathbun, 1918

Known range.—Western Atlantic: Dela-

ware Bay; Chesapeake Bay; Little River In-

let, South Carolina; Alligator Harbor, Flor-

ida; Aransas area of Texas coast (Williams

1984).

Pinnixa sayana Stimpson, 1860

Known range.—Western Atlantic: Vine-

yard Sound, Massachusetts, to Beaufort,

North Carolina; Hutchinson Island, east

central Florida; Sarasota Bay, Florida to

Grand Isle, Louisiana; Amapa to Rio

Grande do Sul, Brazil (Wilhams 1984,

Melo 1998).

Superfamily Ocypodoidea Rafinesque,

1815

Family Ocypodidae Rafinesque, 1815

Subfamily Ocypodinae Rafinesque, 1815

Remarks.—Rosenberg (2001) conducted

a phylogenetic analysis of the genus Uca
using 236 discrete morphological charac-

ters. Although many scientists ignore sub-

generic designations, Rosenberg (2001)

considered subgenera within Uca to be val-

id. The three species of Uca occurring in

the region are considered to be members of

the subgenus Minuca (Rosenberg 2001).

Ocypode quadrata (Fabricius, 1787)

Known range.—Western Atlantic: Block

Island, Rhode Island, to Rio Grande do Sul,

Brazil; Fernando de Noronha Archipelago,

Brazil; Bermuda (Williams 1984, Melo
1998).

Uca minax (LeConte, 1855)

Remarks.—Felder & Staton (1994) ana-

lyzed electrophoretic allozyme assays and

observed slight differentiation between

Gulf of Mexico and Atlantic populations.
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Known range.—Western Atlantic: Buz-

zards Bay, Cape Cod, Massachusetts, to

Daytona Beach, Florida; Yankeetown,

northwest Florida, to Matagorda Bay, Texas

(Williams 1984, Barnwell & Thurman
1984).

Uca pugilator (Bosc, 1802)

Known range.—Western Atlantic: Cape

Cod, Massachusetts, southward around the

tip of peninsular Florida and westward to

Pensacola Beach, Florida; possible rare oc-

currences in Bahamas and western Gulf of

Mexico (Barnwell & Thurman 1984).

Uca pugnax (Smith, 1 870)

Known range.—Western Atlantic: Prov-

incetown, Massachusetts, to Daytona
Beach, Florida (Williams 1984, Barnwell &
Thurman 1984).

Family Palicidae Bouvier, 1898

Palicus alternatus Rathbun, 1897

Known range.—Western Atlantic: Cape

Hatteras to southeast of Cape Fear, North

Carolina; Gulf of Mexico along west coast

of Florida from Cape San Bias to Key West

(Williams 1984).

Palicus faxoni Rathbun, 1897

Known range.—Western Atlantic: off

Cape Hatteras, North Carolina, to near

Cape Canaveral, Florida; off Yucatan, Mex-
ico, near Quita Sueno Banks; southwest of

St. Christopher; Rio Grande do Norte to

Rio de Janeiro, Brazil (Williams 1984,

Melo 1998).

Palicus gracilis (Smith, 1883)

Remarks.—Williams (1984) considered

this species to be extralimital. This species

occurs at 183-512 m (Williams & Wigley

1977).

Known range.—Western Atlantic: Mar-

tha's Vineyard, Massachusetts, to Cura9ao,

including Gulf of Mexico (Williams &
Wigley 1977).

Palicus sica (A. Milne-Edwards, 1880)

Known range.—Western Atlantic: off

Charleston, South Carolina, to Cape Can-

averal, Florida; west coast of Florida to Rio

Grande do Sul, Brazil, including West In-

dies (Williams 1984, Melo 1998).

Superfamily Grapsoidea MacLeay, 1838

Family Grapsidae MacLeay, 1838

Remarks.—Previously, family Grapsidae

was considered to be comprised of four

subfamilies. Based on a cladistic study by

Sternberg & Cumberlidge (1998) the Grap-

sidae were redefined and restricted to in-

clude all genera previously placed in the

subfamily Grapsinae. Molecular data also

supported elevation of grapsid subfamilies

to full family status (Schubart, Cuesta, Die-

sel, & Felder 2000).

Pachygrapsus transversus (Gibbes, 1850)

Known range.—Western Atlantic: Ber-

muda; Cape Lookout, North Carolina, to

Montevideo, Uruguay; Eastern Atlantic:

Mediterranean Sea to northern Angola;

Eastern Pacific: California to Peru; Gala-

pagos Islands (Williams 1984).

Planes minutus (Linnaeus, 1758)

Known range.—Western Atlantic: off the

Grand Banks of Newfoundland south to

1 1°N, exclusive of Gulf of Mexico; Eastern

Atlantic: southern North Sea south to 1 1°N,

including Mediterranean Sea (Williams

1984, Squires 1990).

* Family Plagusiidae Dana, 1851

Remarks.—This taxon was previously

considered a subfamily of the Grapsidae

(e.g., Williams 1984, Guinot & Bouchard

1998). Based on results of a cladistic study,

Sternberg & Cumberlidge (1998) concluded

that the two genera {Percnon and Plagusia)

placed in the subfamily Plagusiinae formed

a monophyletic taxon; subfamily Plagusi-

inae was redefined and elevated to family
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Status (Plagusiidae). Based on results of a

molecular phylogeny, however, Schubart,

Cuesta, Diesel, & Felder (2000) questioned

taxonomic placement of Percnon in this

family. Sternberg & Cumberlidge (1998)

had placed Euchirograpsus in the Varuni-

nae. However, based on morphological and

molecular evidence (Schubart, Cuesta, Die-

sel, & Felder 2000), Euchirograpsus be-

longs in the Plagusiidae.

Euchirograpsus americanus

A. Milne-Edwards, 1880

Remarks.—This species was previously

considered a member of the Varuninae

(Williams 1984). Based on molecular evi-

dence and larval morphology, Schubart,

Cuesta, Diesel, & Felder (2000) proposed

inclusion of this species in the family Pla-

gusiidae.

Known range.—Western Atlantic:

Oceanographer Canyon, edge of Georges

Bank; off Oregon Inlet, North Carolina;

Florida to Venezuela, including West In-

dies; Rio Grande do Sul, Brazil (Williams

1984, 1988; Melo 1998).

Percnon gibbesi

(H. Milne Edwards, 1853)

Remarks.—Based on molecular evi-

dence, Schubart, Cuesta, Diesel, & Felder

(2000) suggested that this species does not

belong in the family Plagusiidae. Those au-

thors reported that the taxonomic position

of Percnon gibbesi was uncertain and re-

quired further investigation. Until more de-

finitive results are available, placement of

this species will remain in the Plagusiidae.

Known range.—Western Atlantic: Ber-

muda; Fort Macon, North Carolina; south-

em Florida and Bahamas to Fernando de

Noronha Archipelago, Brazil, including

Antilles; Eastern Atlantic: Azores to An-

gola; Mediterranean Sea (Pipitone et al.

2001); Eastern Pacific: Cape San Lucas,

lower California, to Chile; Galapagos Is-

lands (Williams 1984, Melo 1998).

Plagusia depressa (Fabricius, 1775)

Known range.—Western Atlantic: Ber-

muda; Beaufort, North Carolina, to Bahia,

Brazil, including Gulf of Mexico and West

Indies; Fernando de Noronha Archipelago,

Rocas Atoll, Saint Paul Rocks, and Trin-

dade Island, Brazil; Eastern Atlantic:

Azores; Madeira; Morocco to northern An-

gola; Central Atlantic: St. Helena Island

(WiUiams 1984, Melo 1998).

* Family Sesarmidae Dana, 1851

Remarks.—This taxon was previously

considered a subfamily of the Grapsidae

(e.g., Williams 1984, Guinot & Bouchard

1998). Based on results of a cladistic study,

Sternberg & Cumberlidge (1998) concluded

that taxa previously included in the subfam-

ily Sesarminae formed a polyphyletic

group. However, one clade comprising the

majority of Sesarma-likQ genera, including

Sesarma and Armases, was redefined as the

family Sesarmidae (Sternberg & Cumber-

lidge 1998).

^ Armases cinereum (Bosc, 1802)

Sesarma (Chiromantes) cinereum (Bosc).

—

Williams, 1984:465.

Remarks.—Abele (1992) described the

new genus Armases for American species

of Sesarma assigned to the subgenus Chi-

romantes', generic diagnosis, species de-

scription, and illustrations are provided.

The phylogeny of Armases proposed by

Niem (1996) supported establishment of

Armases Abele, 1992.

Known range.—Western Atlantic: Ma-
gothy River, Chesapeake Bay, Maryland, to

Palm Beach, east Florida; Collier County,

west Florida, to Veracruz, Mexico (Wil-

hams 1984).

-^ Sesarma reticulatum (Say, 1817)

Sesarma {Sesarma) reticulatum (Say).

—

Williams, 1984:466.

Remarks.—Subgenera were not recog-
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nized within the genus Sesarma by Abele

(1992). Based on electrophoretic results,

Felder & Staton (1994) concluded that al-

lozyme divergence between Gulf of Mexico

and Atlantic populations was comparable to

levels previously reported for speciated

populations, suggesting that Sesarma reti-

culatum represented a species complex.

Known range.—Western Atlantic: Woods
Hole, Massachusetts, to Volusia County,

east Florida; Sarasota, west Florida, to Bar-

ra del Tordo, Tamaulipas, Mexico (Williams

1984, Felder & Staton 1994).

* Family Varunidae H. Milne Edwards,

1853

Remarks.—This taxon was previously

considered a subfamily of the Grapsidae

(e.g., Wilhams 1984, Guinot & Bouchard

1998). Cladistic analysis revealed that the

Varuninae is an artificial group in need of

re-examination (Sternberg & Cumberlidge

1998). It is possible that this group, pres-

ently recognized at the family level (Schu-

bart, Cuesta, Diesel, & Felder 2000, Martin

& Davis 2001) may prove to represent sev-

eral different families (Sternberg & Cum-
berlidge 1998). Molecular data also support

this conclusion (Schubart, Cuesta, Diesel,

& Felder 2000).

Hemigrapsus sanguineus

(De Haan, 1853)

Remarks.—The Asian shore crab was

most likely introduced in the western At-

lantic via ballast water discharged some-

time in the early 1980's (McDermott 1998).

The crab was first discovered in 1988 in

southern New Jersey (Williams & Mc-
Dermott 1990). Hemigrapsus sanguineus

was the most abundant brachyuran at the

intertidal monitoring site in southern New
Jersey, some areas of Long Island Sound
(McDermott 1998) and Narragansett Bay,

RI (pers. obs.). McDermott (1998) reported

this crab occurring in the upper to middle

intertidal zone of New Jersey, whereas oth-

ers (Lohrer & Whitlatch 1997, Ledesma &

O'Connor 2001) observed higher abun-

dances in the middle and lower intertidal

zone of sampling locations in eastern Long
Island Sound and southeastern New Eng-

land. Crab abundance increased with in-

creased rock cover (Ledesma & O'Connor
2001).

Known range.—Western Atlantic: Ap-
pledore Island, Isles of Shoals, Maine (J.

Morin, pers. comm.) and New Hampshire

(McDermott 2000) to Oregon Inlet, North

Carolina (McDermott 1998); Eastern Atlan-

tic: Le Havre, France; "Oosterschelde",

Netherlands (Breton et al. 2002); Western

Pacific: Sakhalin, Korea; north China to

Hong Kong; all coasts of Japan from Hok-

kaido to Okinawa (Williams & McDermott
1990).

Discussion

The decapod crustacean assemblage oc-

curring in shallow waters (<190 m) of the

temperate eastern United States from Maine

to Cape Canaveral, Florida, totals 391 spe-

cies. This assemblage includes 122 shrimp

species (28 penaeids, 2 stenopodids, and 92

carideans), 10 thalassinideans, 8 lobsters,

61 anomurans, and 190 brachyurans. By
comparison, the previous comprehensive

review of this assemblage by Williams

(1984) recognized 103 species of shrimps

(21 penaeids. 2 stenopodids, and 80 cari-

deans), 8 thalassinideans (including calli-

anassids, upogebiids and axiids), 6 lobsters,

51 anomurans, and 174 brachyurans (total

decapods = 342).

Since publication of Williams (1984), 51

species are new to this checklist. Thirteen

species (Table 1) previously considered ex-

tralimital by Williams (1984:484) because

their centers of distribution or abundance

occur beyond the boundaries of the region

are now incorporated into the updated

checklist because their geographic and

bathymetric ranges are within the hmits set

for the region under consideration. An ad-

ditional 16 species (Table 1), most likely

excluded (i.e., not even considered as ex-
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Table 1.—Western Atlantic decapod Crustacea occurring in regions that were considered 'extralimital' or

excluded from consideration by Williams (1984) because their geographic or bathymetric range centered beyond

the boundaries of regions of consideration.

'Extralimital' Excluded

Pleoticus robustus

Bythocaris nana

Caridion gordoni

Plesionika marda
Plesionika tenuipes

Plesionika willisi

Catapagurus sharreri

Hemipagurus gracilis

Mithrax cornutus

Bathynectes longispina

Chaceon quinquedens

Parapinnixa beaufortensis

Palicus gracilis

Aristaeomorpha foliacea

Hadropenaeus affinis

Hadropenaeus modestus

Penaeopsis serrata

Lucifer typus

Heterocarpus ensifer

Plesionika edwardsii

Nephropsis aculeata

Tomopagurus cokeri

Parapagurus pilosimanus

Sympagurus pictus

Munida forceps

Lysirude nitidus

Cyclozodion angustum

Pyromaia arachna

Stenocionops furcata furcata

tralimital) from consideration by Williams

because their bathymetric distributions

were centered beyond 190 m or their geo-

graphic distributions were centered south of

Cape Canaveral, Florida, are included in the

present checklist for this same reason.

Twelve species, discovered and described

during the past 20 years, were also added

to the regional assemblage (Table 2). Four

species (Trachycaris rugosa, Axius arma-

tus, Pagurus brevidactylus, Panopeus obe-

sus) were added through a refined under-

standing of the systematics of species com-

plexes with improved recognition and de-

lineation of component species. One
nonindigenous species {Hemigrapsus san-

guineus) was introduced and has become
established in the region. An additional five

species {Parapenaeus americanus, Scyllar-

ides aequinoctialis, Petrolisthes armatus,

Dromia erythropus, Clythrocerus nitidus)

have also become part of the regional as-

semblage through northward extension of

their geographic ranges.

Six species have been removed from

WiUiams (1984) checklist (Table 3). Four

species (Pontonia margarita, Anisopagurus

pygmaeus, Iridopagurus caribbensis, and

Hyas coarctatus alutaceus) once thought to

be members of this assemblage (Williams

1984) are removed from the checklist be-

cause recent revisions and investigations in-

volving these species (Garcia-Gomez 1983,

Lemaitre & McLaughlin 1996, Fransen

2000) clearly indicate that they do not occur

in the region. One eastern Pacific species

(Notolopas lamellatus) was erroneously re-

ported from the region by Rathbun (Wil-

liams 1984). Additionally, Leptochela ber-

mudensis was previously included in the

checklist because it was considered as like-

ly to occur in the region by Williams

(1984). Since this species has never actually

been recorded from the region, it has been

removed from the checklist.

Better understanding of species concepts

and interspecific variation has necessitated

placement of some nominal species previ-

ously considered part of this regional as-

semblage into synonymy. For decapod

crustaceans of the eastern United States,

eleven nominal species (Table 4) have been

re-evaluated and determined not to repre-

sent distinct species. Additionally, one fam-

ily and one genus have also been placed

into synonymy (Table 4).

A significant proportion of systematic re-

search on western Atlantic decapod crusta-
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Table 2.—Summary of more recently described western Atlantic decapod Crustacea not previously listed in

Williams (1984).

Family Genus and species

Year of
descrip-

tion Geographic range
Depth of
occurrence

Disciadidae Discias venibergi 1987 Georgia-west Florida 54-74 m
Palaemonidae Pontonia manningi 2000 North Carolina-Gulf of Mexico, Ca-

ribbean Sea, eastern Atlantic

shallow-80 m

Alpheidae Alpheiis angulosiis 2002 North Carolina-Gulf of Mexico,

Mexico, Haiti

intertidal. shallow

Alpheidae Alpheus estuariensis 1984 Florida, Gulf of Mexico, Caribbean

Sea, Brazil

intertidal-22 m

Callianassidae Necallianassa bei-xlae 1998 South Carolina-Georgia 35-75 m
Paguridae Anisopagurus hopkmsi 1996 Georgia-Gulf of Mexico 91-165 m
Paguridae Iridopagiirus reticulatus 1983 North Carolina-Florida, Bahamas,

Greater and Lesser Antilles,

northern South America

1-38 m

Paguridae Pagurus maclaughlinoe 1982 Georgia-Florida. Gulf of Mexico.

Caribbean

1-5 m

Paguridae Tomopagunis wassi 1981 Southeastern United States, Florida

Straits, Gulf of Mexico, Caribbe-

an-northern Brazil

75-360 m

Homolidae Homola minima 1995 Massachussetts-Brazil 55-690 m
Calappidae Cxclozodion tuberatum 1988 North Carolina-Bahamas-eastern 31-188 m

Inachidae Stenorhxnchiis \anei

Gulf of Mexico, Suriname

1989 Massachussetts-Gulf of Mexico-Su-

riname

31-365 m

Table 3.—Summary of western Atlantic decapod crustacean species previously (Williams 1984) considered

to be part of the fauna off the eastern United States but now known not to occur in the region. These species

were removed from the checklist.

Species Range Reason for removal from checklist

Leptochela bermiidensis

Gumey, 1939

Pontonia margarita

Smith, 1869

Anisopagurus pygmaeus

(Bouvier, 1918)

Bermuda, Puerto Rico

through the Lesser Antilles

Eastern Pacific

Florida Keys, Cuba to Curagao

Iridopagurus caribbensis Miami, Florida to Colombia

(A. Milne-Edwards & Bou-

vier, 1893)

Hyas coarctatus alutaceus Eastern Pacific

Brandt, 1851

Notolopas lamellatus

Stimpson, 1871

Eastern Pacific

Previously considered likely to occur in

the region (Williams 1984). but has

never been reported.

Formerly thought to be a widespread spe-

cies; with resolution of species complex

now known to occur only in the Pacific

Ocean (Fransen 2000).

Resolution of species systematics indicated

geographic range occurs beyond limits

of region (Lemaitre & McLaughlin

1996).

Resolution of species systematics indicated

geographic range occurs beyond limits

of region (Garcfa-Gomez 1983).

Resolution of species systematics indicated

geographic range occurs beyond limits

of region (Squires 1990).

Erroneously reported from the region

(Williams 1984).
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Table 4.—Summary of nominal taxa of western Atlantic decapod crustaceans placed in synonymy since

publication of Williams (1984).

Nominal taxa appearing in

Williams (1984) Senior synonym

Automate gardineri

Hippolyte curacaoensis

Lebbeus zebra

Callianassa atlantica

Manucomplanus corallinus

Pagurus hendersoni

Hypoconcha sabulosa

Homola barbata (in part)

Cycloes bairdii

Mithrax pleuracanthus

Mithrax acuticornis

Family Tymolidae

Genus Parapandalus

Automate dolichognatha

Hippolyte obliquimanus

Lebbeus microceros

Gilvossius setimanus

Manucomplanus ungulatus

Pagurus stimpsoni

Hypoconcha parasitica

Homola minima

Cryptosoma balguerii

Mithrax hispidus

Mithrax cornutus

Family Cyclodorippidae

Genus Plesionika

ceans is being conducted on higher-level re-

lationships. Better understanding of rela-

tionships based on identification of mono-
phyletic groups has required reorganization

of taxa at higher levels (e.g., within super-

families, families, and genera) as well as

elevating subfamilies and subgenera to fam-

ily and generic levels, respectively. In the

nearly 20-year period since Williams

(1984), one new superfamily (Processoi-

dea) and one new family (Anchistioididae)

are recognized in the infraorder Caridea,

and two subgenera have been elevated to

genera {Farfantepenaeus and Litopenaeus)

in the family Penaeidae, for shrimps occur-

ring in the region. Thalassinideans, previ-

ously placed in the section Thalassinidea

within infraorder Anomura, are now rec-

ognized at the level of infraorder. Within

brachyuran taxa, three new subfamilies

within the Raninidae are now recognized,

17 former subfamilies (seven in Majidae,

four in Xanthidae, three in Grapsidae, one

each in Raninidae, Calappidae, and Gone-

placidae) have been elevated to family, two

subgenera elevated to genus (Mithraculus

in family Majidae and Platylambrus in fam-

ily Parthenopidae), and one subspecies (of

Ethusa) elevated to species. Considerable

changes in generic concepts involving west-

ern Atlantic decapod crustaceans have also

necessitated the recognition and redefinition

of genera to accommodate western Atlantic

decapod species. Fifteen new genera have

been described since publication of Wil-

liams' (1984) monograph, including one

genus each in the Penaeidae, Pandalidae,

Axiidae, and Paguridae, two in Callianas-

sidae, and nine brachyuran genera placed in

seven different families (Table 5). Twenty-

one species of decapods occurring in the

region have been reassigned to genera other

than those hsted in Wilhams (1984).

Knowledge concerning well-known fau-

nas, such as that of the decapod crustaceans

of the western Atlantic, is not static, and

new discoveries, additional collecting, and

better understanding of systematic relation-

ships will continue to improve our under-

standing of regional biodiversity. New ev-

idence from adult morphology, fossils, lar-

val development, and molecular genetics

has led to the reinterpretation of classical

views of decapod crustacean relationships.

Hypotheses of phylogenetic relationships

are being proposed at a relatively fast rate

compared with previous time periods and

the taxonomic status of species continues to

be re-evaluated. Information gained from

these systematic studies will undoubtedly

result in better understanding of the species,

provide refined hypotheses of relationships

among these taxa, and subsequently will

continue to improve our knowledge regard-
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Table 5.—Summary of western Atlantic decapod crustacean species assigned to new genera or reassigned to

established genera since publication of Williams (1984).

Species name as appears in

Williams (1984)

Species name as appears in

present compilation
Newlv-described genus?

(Y/N)

Hymenopenaeus robustus

Trachypenaeus constrictus

Pandalus propinquus

Parapandalus willisi

Pontophilus gorei

Callianassa biformis

Callianassa atlantica

Callianassa major

Axiopsis jenneri

Pagurus piercei

Dromidia antillensis

Clythrocerus perpusillus

Iliacantha intennedia

Cryptopodia concava

Geryon quinquedens

Neopanope sayi

Pinnotheres chamae

Pinnotheres maculatus

Pinnotheres ostreum

Pinnixa cristata

Sesarma cinereum

Pleoticus robustus

Rimapenaeus constrictus

Atlantopandalus propinqvus

Plesionika willisi

Philocheras gorei

Bijfarius biformis

Gilvossius setimanus

Callichirus major

Calaxius jenneri

Goreopagurus piercei

Cryptodromiopsis antillensis

Deilocerus perpusillus

Acanthilia intermedia

Celatopesia concava

Chaceon quinquedens

Dyspanopeus sayi

Gemmotheres chamae

Tumidotheres maculatus

Zaops ostreum

Austinixa cristata

Armases cinereum

N
Y
Y
N
N
Y
Y
N
Y
Y
N
Y
Y
Y
Y
Y
Y
Y
N
Y
Y

ing the marine decapod crustacean assem-

blage of the eastern United States.
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Note Added in Proof

Recent revision of the Albuneidae (Boy-

ko 2002) provided new information for

three species included in the present check-
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list. Western Atlantic specimens identified

as Albunea paretii Guerin-Meneville, 1853

in Williams (1984) included two species, A.

paretii and A. catherinae Boyko, 2002. Of

these, only A. catherinae occurs in the re-

gion (see account below). Albunea paretii

ranges from the Florida Keys southward

through the Caribbean to Rio Grande do

Sul, Brazil, and should be removed from

the checklist. According to Boyko (2002),

all eastern Atlantic references to A. paretii

refer to A. elegans. Boyko (2002) included

additional distributional information for

Lepidopa websteri that extends this species

range to Texas.

Based on new data for A. paretii and A.

catherinae, 52 species are new to the

checklist. Thirteen of these have been dis-

covered and described since publication of

Williams (1984), and seven species previ-

ously recorded from the region are no lon-

ger considered part of the regional decapod

assemblage.

Family Albuneidae Stimpson, 1858

Albunea catherinae Boyko, 2002

Remarks.—Boyko (2002:343) provided a

description, diagnosis, illustrations, and size

information for this species. Albunea cath-

erinae occurs at depths less than 64 m.

Known range.—Western Atlantic: Vir-

ginia to Palm Beach County, Florida; Col-

lier County, Florida, through the Gulf of

Mexico, to southern Texas; absent from the

Florida Keys (Boyko 2002).
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A new caridean shrimp of the family Alvinocarididae from thermal

vents at Menez Gwen on the Mid-Atlantic Ridge

Timothy M. Shank and Joel W. Martin

(TMS) Biology Department, Woods Hole Oceanographic Institution,

Woods Hole, Massachusetts 02543, U.S.A., e-mail: tshank@whoi.edu;

(JWM) Natural History Museum of Los Angeles County, 900 Exposition Boulevard,

Los Angeles, California 90007, U.S.A., e-mail: jmartin@nhm.org

Abstract.—A new species of alvinocaridid shrimp, Alvinocaris williamsi, is

described from the Menez Gwen hydrothermal vent field on the Mid-Atlantic

Ridge. The new species is most similar to another relatively shallow water

alvinocaridid, A. stactophila Williams, known only from a cold seep area off

the coast of Louisiana, but differs in details of the rostrum and appendages.

Alvinocaris williamsi is also morphologically similar to two species of the

genus recently described from the Mid-Okinawa Trough, Japan. Molecular phy-

logenetic studies of A. williamsi, the eighth described member of the genus,

may provide significant insights into the role that deep-sea hydrothermal vents

at mid-ocean ridges and hydrocarbon seeps on continental margins have played

in the evolution of fauna endemic to these chemosynthetic habitats.

The caridean shrimp family Alvinocari-

didae was originally proposed by Christof-

fersen (1986) to accommodate a number of

morphologically similar shrimp known
from hydrothermal vents and hydrocarbon

seeps. The family was further diagnosed by

Segonzac et al. (1993) in a footnote, and

also by Vereshchaka (1996a, 1996b, 1997)

(see Martin & Davis 2001). To date, five

genera have been proposed for the family.

In the order in which they were proposed,

they are: Alvinocaris Williams & Chace,

1982; Rimicaris Williams & Rona, 1986;

Chorocaris Martin & Hessler, 1990; Opae-

pele Williams & Dobbs, 1995; and lorania

Vereshchaka, 1996b (see Shank et al. 1998

for the synonymy of lorania and Rimicar-

is). A sixth genus of vent shrimp, Mirocaris

Vereshchaka, 1997, was proposed by Ver-

eshchaka (1997) for Chorocaris fortunata

Martin & Christiansen (1995) and for a new
species (M. keldyshi Vereshchaka, 1997);

however, this genus was transferred to the

newly created family Mirocarididae by Ver-

eshchaka (1997).

The type genus of the Alvinocarididae,

Alvinocaris, is the most diverse genus of

the family and contains five hydrothermal

vent-endemic species: A. brevitelsonis Kik-

uchi & Hashimoto, 2000, from the Minami-

Ensei Knoll in the Mid-Okinawa Trough off

Japan; A. leurokolos Kikuchi & Hashimoto,

2000, also from the Minami-Ensei Knoll; A.

longirostris Kikuchi & Ohta, 1995, from

the Iheya Ridge off Japan; A. lusca Wil-

liams & Chace, 1982, from the Galapagos

Rift in the eastern Pacific; and A. markensis

Williams, 1988, from the Mid-Atlantic

Ridge. Another two species of Alvinocaris

are endemic to chemosynthetic habitats as-

sociated with hydrocarbon and brine seeps:

A. muricola Williams, 1988, from the West

Florida Escarpment; and A. stactophila Wil-

liams, 1988, from the Louisiana Slope in

the northern Gulf of Mexico. The study of

additional collections, including unde-

scribed hydrothermal-associated shrimp

specimens from the Edison Seamount of the

Bismark Archipelago in Papua New Guinea

(Shank et al. 1999; K. Baba, pers. comm.).
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from the Logatchev vent field of the Mid-

Atlantic Ridge (A. Vereshchaka, pers.

comm.), and several recently recovered

from active seamounts north of the Bay of

Plenty (northern North Island, New Zea-

land) (Rick Webber and Neil Bruce, pers.

comm., http://www.niwa.co.nz/pubs/bu/05/

blind) may yield additional new species of

Alvinocaris. The pan-equatorial biogeo-

graphic distribution of the genus is note-

worthy. Alvinocaris species occur in almost

every biogeographic vent province (except

the Northeast Pacific vents; Shank et al.

1999). However, recent initial investiga-

tions of hydrothermal vents in the Indian

Ocean did not reveal the presence of Alvi-

nocaris shrimp despite the common ap-

pearance of the other dominant Atlantic and

Pacific genera Rimicaris and Chorocaris

(Hashimoto et al. 2001, Van Dover et al.

2001). The Alvinocaris species described

herein occupies the northernmost extent of

the generic range, as it inhabits the Menez
Gwen vent site, the most shallow vent field

(850 m) and the most northern known ac-

tive deep-sea hydrothermal site along the

Mid-Atlantic Ridge (37°50.5'N, 3r31.3'W)
(Gebruk et al. 1997, Colago et al. 1998,

Comtet & Desbruyeres 1998, Desbruyeres

et al. 2001). Below, we describe a new spe-

cies of Alvinocaris from the Menez Gwen
hydrothermal vent field, and suggest evo-

lutionary relationships with other alvino-

carid species.

Materials and Methods

All specimens were collected using the

human occupied submersible DSV Alvin at

the Menez Gwen hydrothermal vent field,

northern Atlantic Ocean. Shrimp were col-

lected from a cluster of active individuals

among clumps of mussels, Bathymodiolus

azoricus Von Cosel, Comtet & Krylova,

within vent flow with a 30 cm X 30 cm
square "black net" (BN) operated using the

manipulator arm by the pilots of DSV Alvin.

A total of 14 specimens were collected

(from a single net sample) from areas of

most intense diffuse fluid within the central

portion of a hydrothermally-active mussel

bed community that included a more abun-

dant alvinocaridid species, Mirocaris keld-

yshi, amphipods, Luckia striki Bellan-San-

tini & Thurston, gastropods, e.g., Lepeto-

drilus spp. and Protolira valvatoides Waren
& Bouchet, polychaetes, e.g., Branchipo-

lynoe seepensis Pettibone, and crabs, Se-

gonzacia mesatlantica (Williams, 1988)

and Chaceon ajfinis (A. Milne-Edwards &
Bouvier, 1894). Specimens were brought to

the surface in an insulated container and

placed in chilled water on-board ship.

Whole shrimp were sorted by morphotype

and either preserved in 4% buffered for-

malin in seawater and subsequently trans-

ferred to 70% ethanol or frozen at — 70°C
and subsequently transported on dry ice and

stored at — 80°C. Carapace length (CL) of

each individual was measured in millime-

ters (mm) from the orbital margin to the

posteriomedial margin of the carapace. We
recognize that the description of new spe-

cies within this family from relatively few

individuals can be risky (see Shank et al.

1998); however, preliminary results of mi-

tochondrial DNA sequence data (Shank,

pers. obs.) complement morphological evi-

dence that distinction of this species from

other Alvinocaris species is warranted. The

holotype and paratypes are deposited in the

collections of the National Museum of Nat-

ural History, Smithsonian Institution,

Washington, D.C. (USNM). The remaining

specimens are cryo-preserved at the Woods
Hole Oceanographic Institution for ongoing

molecular phylogenetic investigations by

TMS.

Alvinocaris williamsi, new species

Figs. 1-3

Material examined.— 14 females CL: 8.2.

8.2, 8.5, 8.7, 8.9, 8.9, 9.3, 9.5, 9.5, 9.5, 9.6,

9.6, 9.7, 10.1, DSV Alvin, Dive 3117, Menez

Gwen hydrothermal vent field. North Atlan-

tic Ocean, 37°50.5'N, 31°31.3'W, 850 m, 7

Jul 1997.

Types.—AW from DSV Alvin Dive 3117.
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Fig. 1. Alvinocaris williamsi, new species, holotype ovigerous female, USNM 100965 L a, body, cephalic

appendages, and abdomen, lateral view; b, anterior region of carapace, including eyes and antennae, dorsal view;

c, telson and uropods, dorsal view. Scale bars equal 1.0 mm (bar 1 for a, bar 2 for b, bar 3 for c).

Holotype: adult female CL 9.5 mm, ovig-

erous (specimen ID: BN 70), USNM
1009651. Paratypes: 2 adult females CL
9.3, 9.7 (specimen ID: BN 68 and BN 51,

respectively), abdomen torn from body, tail

fan missing, USNM 1009652, USNM
1009653.

Description.—Integument thin, shining,

minutely punctuate. Rostrum (Fig. la, b) al-

most straight, imperceptibly elevated above

horizontal in distal half; sharply pointed tip

(broken or slightly blunted in all speci-

mens) reaching at least to level of articu-

lation between first and second peduncular

segment of second antenna or sometimes to

midlength of second segment; dorsal mar-

gin raised into thin serrate crest containing

13 or 14 teeth of nearly equal strength in

central sector of row, about 0.5 length of

crest continued onto carapace, deflecting

from dorsal line of carapace at approximate

45° angle; ventral margin less prominent,

straight, and unarmed or with 1 minute sub-

terminal tooth; lateral carina (not visible in

Fig. la) broadened proximally and conflu-

ent with orbital margin. Carapace (Fig. la)

with buttressed and distinct antennal spine;

pterygostomian spine prominent, acumi-

nate. Anterior antennal carina curving pos-

teroventrally from near base of antennal
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Spine to intersect at about midlength of car-

apace with carina extending posteriorly

from pterygostomial spine, its associated

groove (not visible in Fig. lb) continuing

indistinctly posteriorly.

Abdomen of female broadly arched dor-

sally, gradually tapering posteriorly, height

of sixth somite about half that of first so-

mite. Pleura of third somite broadly round-

ed, that of fourth somite irregularly round-

ed, flanked dorsally by single remote ob-

solescent spine; fifth pleuron with strong

acute triangular posteroventral tooth

flanked dorsally by cluster of 2 or 3 remote

small spines on margin; sixth somite with

middorsal length about 1.4-1.9 that of fifth

somite, broad-based posterolateral tooth

overlapping base of telson, smaller postero-

lateral spine acute. Telson (Fig. Ic) elon-

gate, subrectangular, length (not including

posterior teeth) about 2.0-2.7 anterior

width, 3.2-3.7 posterior width, about 1.3—

1.5 length of sixth somite; armed with 5—7

dorsolateral spines of nearly uniform size,

occasionally unequal in number on either

side; posterior margin slightly convex,

armed with 1 spine at each corner and 12

feathered strong setae on posterior margin

between them.

Eyes (Fig. la, b) with cornea imperfectly

developed; unfaceted though diffusely pig-

mented; ovate in outline though fused to

each other mesially beneath rostrum, each

with upturned spine on anterodorsal sur-

face.

Antennular peduncle (Fig. lb) extending

slightly short of end of antennal scale; basal

segment 2.1 length of second segment and

about 2.2-2.5 length of third, all measured

on dorsal margin; stylocerite well separated

from peduncle, tapering to slender elongate

tip variably reaching as far as midlength of

second segment; basal segment with disto-

dorsal margin exceeded by rostral tip

though extended laterally into strong lateral

spine reaching level nearly equal to that of

stylocerite and closely appressed to second

segment, much smaller distomesial spine

slightly divergent; shorter second segment

with stronger mesiodistal spine. Antennal

scale (scaphocerite) broadly rounded distal-

ly, with broad triangular tooth on distola-

teral border extending to same level as

rounded distal border.

Mouthparts (Fig. 2) fairly typical for the

genus. Mandible (Fig. 2a, b) with 6 blunt,

uneven, terminal teeth plus one slightly

sharper dorsal subterminal tooth along cut-

ting border, and with long, blunt, posterior

tooth ("molar process" of some authors)

separated from cutting edge by a wide gap;

mandible deeply excavate on internal (pos-

terior) surface just above this blunt poste-

rior tooth; mandibular palp 2-segmented,

distal article bearing numerous plumose se-

tae; basal article with 2 plumose setae on

distal border. First maxilla (Fig. 2c) with 2

endites; coxal (distalmost) endite with row

of evenly spaced and evenly sized blunt

spines (arrow) in addition to dense plumose

and simple setae; basial endite (proximal

endite) with longer, curved setae but lack-

ing spine row; palp unsegmented, with 2

short and 1 long terminal setae as illustrat-

ed. Second maxilla (Fig. 2d) scaphognathite

with dorsal lobe broad, distally almost trun-

cate, and lined with evenly spaced plumose

setae; posterior lobe of scaphognathite ta-

pering posteriorly, almost triangular, with

setae increasing in length posteriorly, each

seta angled and minutely serrate (for

grooming); coxal lobe simple, blunt, setose;

basial endite bilobed, each lobe fringed

with plumose setae; palp thin, narrow,

strap-like. First maxilliped (Fig. 2e) phyl-

lopodous; coxal endite distally blunt and

slightly recurved; basial endite bilobed,

with distal lobe approximately twice length

of proximal lobe; palp thin, tapering to

acute distal tip bearing short setae and vis-

ible only in posterior view; exopod broad,

expanded and rounded distally, lined on ei-

ther side with evenly spaced plumose setae;

epipod bilobed at base, fused distally, with

dorsolateral lobe bearing weak posterior

projection. Second maxilliped (Fig. 2f) ped-

iform, 6-segmented; coxa expanded and

rounded on medial surface, which bears nu-
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Fig. 2. Alvinocaris williamsi, new species, paratype female, USNM 1009653. Mouthparts, right side, a,

mandible, outer (external) view; b, mandible and palp, inner view; c, first maxilla, with row of evenly spaced

spines magnified and indicated by arrow; d, second maxilla; e, first maxilliped; f, second maxilliped; g, third

maxilliped, with tip enlarged (upper arrow) and inner surface with rows of setae displayed (lower arrow). Scale

bar 1 equals 0.5 mm {a, b, c), and 1.0 mm {d, e, f, g).

merous plumose setae; fused basi-ischium

with evenly spaced plumose setae along

medial border; merus and carpus short; pro-

podus trapezoidal; dactylus short, distally

rounded, with brush like patch of dense se-

tae on proximal region. Epipod nearly tri-

angular, with weak lobe coming off poste-

rior surface. Third maxilliped (Fig. 2g) ped-

iform, elongate, 4-segmented; coxal seg-

ment short, with minute epipod bearing 1
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or 2 setae; distal 3 segments elongate and

pediform; basal of these with plumose setae

on proximal medial border and row of plu-

mose setae along dorsolateral border; dac-

tylus tipped with acute sclerotized spines

surrounding central claw-like tip (arrow),

and with evenly spaced densely packed

rows of stiff, minutely serrulate setae on

ventro-medial surface (curved arrow).

First pereopods (Fig. 3a, b) chelate, sub-

equal; fingers curved ventrally and slightly

laterally; dactylus more slender than fixed

finger, tips varying slightly in relative

length, mesial surface of each finger con-

cave; cutting margins uniformly offset,

closing without gape, each armed with row
of almost uniform teeth so closely set as to

be almost contiguous, line of sensory setae

Fig. 3. Alvinocaris williamsi, new species, paratype female, USNM 1009652. a, right first pereopod (che-

liped), inner view; b, right first pereopod, outer view; c, left second pereopod, tip of chela; d. left second

pereopod; e, left third pereopod;/ left fourth pereopod; g, left fifth pereopod. Scale bars 1 and 2 equal 1.0 mtn;

scale bar 3 equals 0.5 mm (bar 1 for d, e, / g\ bar 2 for a, h\ bar 3 for c).
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mesial to cutting edges, acute tip of dacty-

lus slightly spooned by elongate teeth slant-

ed posteriorly and curving around external

edge; entire leg slightly shorter than third

maxilliped. Palm inflated but not elongate,

approximately equal in length to fingers.

Carpus measured along dorsal border

slightly longer than palm, bearing oblique

ventral crest, ending in strong distolateral

spine (Fig. 3b) and flanked mesially by

patch of setae on polygonal raised area;

notch above spine smoothly concave, op-

posing low ridge ending in small rounded

spine on heel of palm; shallowly concave

anteromesial margin of carpus leading dor-

sally to 2 low rounded lobes. Merus swol-

len in distal half, distinct from ischium but

fused to it, neither armed.

Second pereopod (Fig. 3c, d) shorter and

more slender than first, reaching to between

midlength and end of antennal peduncle;

finger slightly longer than palm, similar in

size and shape, opposed margins without

gape, each pectinate with single row of

teeth in distal half directed obliquely dis-

tally and increasing slightly in size to end

in noticeably stronger tooth crossing op-

posite member when closed, but spineless

proximally; carpus slender, about 1.2 times

longer than chela; merus unarmed, ischium

with stout spine at approximately 0.75

length.

Third to fifth pereopods (Fig. 3e, f, g)

similar in length and structure, third reach-

ing beyond antennal scale by about 0.3 the

length of the propodus. Segments of these

pereopods composed of: short dactylus

armed with about 6 corneous spines on

flexor surface, grading from small proxi-

mally to longest and strongest distally; ven-

tral row of spines on propodus leading to

base of dactylus; carpus of each leg with

distodorsal extension variously projecting

as a stop along proximal part of propodal

extensor surface; third leg with ischium and

merus stronger than on fourth and fifth leg,

merus of third with ventral spine at 0.3 and

0.6 length, distal spine tending to be stron-

gest, and ischium with 2 spines in line with

those on merus; fourth leg with similar

spines on merus but ischium not always

bearing spines; fifth leg without spines on

merus or ischium but with ventral row of

small spines on propodus preceding base of

dactylus.

Pleopods (not illustrated) well developed,

first pair with endopods about half length

of exopods; endopods tapering to acute tip.

Uropods (Fig. Ic) with rami subequal in

length, slightly exceeding posterior margin

of telson; lateral ramus of exopod with

movable spine mesial to larger distolateral

tooth, diaeresis sinuous.

Etymology.—The species name com-
memorates the late Austin B. Williams, Re-

search Scientist of the Systematics Labo-

ratory and National Marine Fisheries Ser-

vice at the National Museum of Natural

History, Smithsonian Institution (see Le-

maitre & Collette 2000). We are all bene-

ficiaries of his ceaseless pursuit of excel-

lence in his contribution to the taxonomy,

systematics, biogeography, and evolution of

various decapod groups, including vent

shrimp and crab species.

Remarks.—Alvinocaris williamsi appears

morphologically most similar to A. stacto-

phila, another species from a relatively

shallow site (530 m). However, A. stacto-

phila is known only from a distant hydro-

carbon seep site (as opposed to a hot vent)

off the coast of Louisiana, northern Gulf of

Mexico. Characters shared by the two spe-

cies include a rostrum that is unarmed (or

occasionally armed with a single tooth) on

the ventral margin (a feature also shared

with A. brevitelsonis and A. leurokolos

from the western Pacific). The dorsal and

ventral margins of the rostrum are heavily

toothed in all other described Alvinocaris

species. Additionally, both A. williamsi and

A. stactophila have a relatively short ros-

trum that continues posteriorly as a toothed

carina that meets the dorsum of the cara-

pace at an angle; this angle is sharper in A.

williamsi and A. stactophila than in any

other species except for A. longirostris, the

distinctive rostrum of which, because of its
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length and armature, could not be confused

with that of either A. stactophila or A. wil-

liamsi. However, A. williamsi can be easily

separated from A. stactophila by the sharper

angle of the rostrum and carina where they

meet the dorsal line of the carapace (ap-

proximately 45° in A. williamsi vs. approx-

imately 30° in A. stactophila), by the rela-

tive length and width of the telson (which

is considerably longer and narrower in A.

stactophila), and by the shorter rostrum rel-

ative to the carapace in A. williamsi.

Based on the absence of ventral teeth on

the rostrum and the angle of the rostral ca-

rina and carapace, A. williamsi is also mark-

edly similar to two species, A. brevitelsonis

and A. leurokolos Kikuchi & Hashimoto

(2000), recently described from the rela-

tively shallow (—700 m) Mid-Okinawa
Trough. However, Kikuchi & Hashimoto

(2000) point out that there is significant var-

iability in rostral characters, especially in A.

brevitelsonis where the ventral rostral mar-

gin is usually toothed (there are seven

spines on the ventral rostral margin of the

holotype) but may be unarmed, especially

in young individuals. Alvinocaris leuroko-

los lacks teeth on the ventral rostral margin,

and is thus more similar to the new species

A. williamsi. Alvinocaris williamsi is read-

ily distinguishable from both of those spe-

cies in having a lightly pigmented eye; the

eye is unpigmented in both A. brevitelsonis

and A. leurokolos.

The distribution of Alvinocaris species

within the global biogeographic vent prov-

inces is centered in lower-latitude regions

(Shank et al. 1999), and the strong morpho-

logical similarities among extant Alvinocar-

is species living in relatively shallow water

vent and seep environments (<800 m) in

the Atlantic and Gulf of Mexico is striking.

Gebruk (1997) and others have hypothe-

sized that vent-endemic shrimp species are

derived from shallow-water seep ancestors.

A molecular phylogenetic approach to this

hypothesis by Shank et al. (1999) suggested

that the analyzed vent-endemic Alvinocaris

(i.e., A. markensis, A. lusca, and unde-

scribed Edison Seamount specimens) were

derived from the A. stactophila (seep) lin-

eage. This suggests that the extant Alvino-

caris lineages share a common seep ances-

tor. However, other vent-endemic lineages

are basal to Alvinocaris, suggesting that

vent lineages gave rise to a seep lineage that

in turn gave rise to other extant vent line-

ages. Based on morphology, A. williamsi

from the relatively shallow Menez Owen
site more closely resembles a seep-endemic

species (i.e., A. stactophila) than other hot

vent species, and therefore molecular ge-

netic comparisons of A. williamsi with con-

geners from deep-sea hydrothermal vents,

seamounts, back-arc basins, and hydrocar-

bon seeps would markedly improve our un-

derstanding of the evolution and radiation

of these shrimp among diverse chemosyn-

thetic environments throughout the world's

oceans.
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Pliocene Yorktown Formation of southeastern Virginia
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Abstract.—Six new species of crabs, representing three families and one new
genus, are described and illustrated from the Upper Pliocene Yorktown For-

mation of southeastern Virginia. They are remarkable for their state of pres-

ervation and represent the first fossil record for three of these living genera in

Virginia's rich Neogene marine deposits. The presence of Stenocionops along

with the common occurrence of Persephona in these deposits suggests that

warm temperate waters covered southeastern Virginia during the deposition of

late Yorktown sediments.

Introduction

In 1935, Mary J. Rathbun published the

first comprehensive paper on the fossil

crustaceans, principally decapods, of the

Atlantic Gulf Coastal Plain of Eastern

North America. In this landmark paper she

describes or mentions all of the fossil deca-

pod, stomatopod and isopod crustaceans

from this region made available to her at

that time from a host of sources (Rathbun

1935:1). Of the 25 families, 67 genera, and

167 species covered, and for the most part

illustrated, in her paper only eight species

representing six genera and six families

were listed and treated from Virginia from

deposits of Miocene, Pliocene and Pleisto-

cene age. All but one were listed as occur-

ring in deposits of the Yorktown Formation

which at that time was regarded as Mio-

cene. However the Neogene stratigraphy of

southeastern Virginia has evolved consid-

erably since 1935 (Hazel 1971a, Ward &
Blackwelder 1980, Ward & Gilinsky 1993),

and consequently only Cancer borealis

Stimpson, 1859, Panopeus herbstii Milne-

Edwards, 1834, and Libinia dubia Milne-

Edwards, 1834, are listed from localities

that are now regarded as old as Miocene.

With the exception of Cancer borealis

Stimpson, 1859, the remaining species

—

Callianassa sujfolkensis Rathbun, 1935; C.

atlantica Rathbun, 1926; Persephona punc-

tata (Linne, 1758); Callinectes sapidus

Rathbun, 1896; Panopeus herbstii Milne-

Edwards, 1834; and Libinia dubia Milne-

Edwards, 1834—are all listed from locali-

ties now regarded as Upper Pliocene. Cal-

linectes sapidus Rathbun, 1896 is the only

species listed from the Pleistocene.

In the present paper six additional taxa,

Hepatus bottomsi, n. sp., Pterocarcinus

baileyi, n. gen, n. sp., Persephona niemey-

eri, n. sp., P. rodesae, n. sp., Stenocionops

dyeri, n. sp., and Euprognatha ricei, n. sp.

are described as new and illustrated from

deposits of late Pliocene age in the same
general geographic area as that treated by

Rathbun 67 years ago. Unlike Rathbun 's

material, which is very fragmentary, often

consisting only of fingers, the taxa present-

ed in this paper are remarkable for their

state of preservation and completeness. All

are represented by their original exoskele-

ton, and many even exhibit a uniform color

similar to that of their living relatives.

The material studied in this paper was
collected from the Moore House Member
of the upper part of the Yorktown Forma-

tion from three localities in southeastern
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Virginia. They are: The Lone Star Lakes,

near Chuckatuck, Suffolk; Riddick Pit, bor-

row pit east side Virginia Routes 10/32, 4.4

km southeast of Benns Church; and Rices

Pit, a now flooded borrow pit in Hampton
(Ward & Blackwelder 1980). Detailed lo-

cality data for the these localities are pro-

vided in Appendix 1.

With the exception of one female para-

type of Stenocionops, the gender of the re-

maining specimens described in this paper

could not be determined.

Stratigraphy & Paleoenvironment

Mansfield (1943) expanded on his earlier

biostratigraphic division of the Yorktown

Formation into Zones I and II and regarded

both units as entirely Miocene. His zona-

tion, though flawed, was very workable in

the field for many years. Hazel (1971a) di-

vided the Yorktown into three ostracode

zones of which the uppermost or Puriana

mesacostalis zone, he regarded as Pliocene.

Ward & Blackwelder (1980) refined the

stratigraphy of the Yorktown Formation by

redefining and dividing it into two forma-

tions: the Upper Miocene Eastover Forma-

tion overlain by the Lower Pliocene York-

town Formation. The latter was further di-

vided into four members which in ascend-

ing order were named: Sunken Meadow,
Rushmere, Mogarts Beach, and Moore
House. Ward & Blackwelder (1980:44), in

defining the uppermost member state, "the

Moore House Member, representing the re-

gressive phase of the Yorktown Formation,

reflects a renewal of higher current and

wave energy conditions. The member con-

sists of sandy shell beds and cross-bedded

shell hash and locally is cemented to form

a very indurated rock." They further (p. 45,

47) state, "The Moore House Member is

found only east of the Surry Scarp," and

"The Moore House Member reflects a pro-

gressively shallowing, regressive sea. Mol-

luscan assemblages indicate normal salini-

ties, but some of the highest beds in the

Williamsburg area contain a few brackish-

water mollusks. Locally large offshore bars

were the site of rapid, large-scale, cross-

bedded sand deposition." All of the speci-

mens studied in this paper and the strata at

the localities from which they were derived

are now regarded by L. W. Ward as be-

longing to the Moore House Member and

of late Pliocene age (Ward, pers. comm., 26

November 2002). Kier (1972), in a study of

the echinoids from two (Chuckatuck and

Rices Pit) of the three localities covered in

this paper, gives a late Miocene age for his

material. This age, though now regarded as

incorrect, was based on the ostracode zones

of Hazel (1971a) and the work of Gibson

(1967). A late Miocene age for strata found

at these localities was also the consensus of

Neogene molluscan workers at that time.

Kier's interpretation of the life habits of the

Yorktown echinoids is a valuable resource

for understanding the paleoenvironmental

conditions that existed during the deposi-

tion of the Yorktown at Rices Pit and par-

ticularly at the Chuckatuck Bar. (See John-

son & Coch 1969, Johnson 1969 and

Campbell 1993 for a detailed description of

the structure, extent and mollusks of the

Chuckatuck Bar, which includes the depos-

its at the Riddick Pit).

Kier (1972:3) states, "The Yorktown

echinoids, like the ostracodes, indicate a

past climate warmer than now" . . . "Al-

though some of these living species range

into cooler waters, they all occur in sub-

tropical regions, suggesting that the fossil

echinoids they resemble lived in waters

warmer than the mild-temperate waters now
occurring off the coast of Virginia" Earlier,

Hazel (1971b) in a detailed study of the

Yorktown ostracodes coupled with his own
detailed studies of Western Atlantic Recent

ostracodes concluded that the climate of the

Yorktown Sea was much warmer than Vir-

ginia's coastal waters are today. Kier (1972:

2) in summarizing Hazel (1971b) states,

"This equable thermal regime is markedly

different from that of any province and con-

comitant climate zone now extant along the

Atlantic coast of the United States. The
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temperatures varied from about 12°C to

15°C in the winter to about 17.5°C to 20°C

and finally to 20°C to 25°C in summer."

Ward & Gilinsky (1993:26) state, "The
Yorktown Sea supported a large, warm-
temperate to subtropical molluscan assem-

blage." Western Atlantic species of the spi-

der crab Stenocionops are not reported

north of Cape Hatteras, North Carolina but

inhabit warmer waters further south, some
to Brazil (see Rathbun 1925; Williams

1965, 1984 for geographic ranges). The

purse crab, Persephona mediterranea

(Herbst, 1794) though reported from as far

north as New Jersey and the southern Ches-

apeake Bay, is not commonly found there

but is commonly found in warmer more

southern waters from off Cape Hatteras to

Brazil. The crabs of the Yorktown Sea, like

the mollusks and other invertebrates found

at the localities cited here, are representa-

tive of similar taxa that would be found to-

day in warm-temperate to subtropical, open

marine waters of normal salinity.

Terms and Conventions

has its structure and function been de-

scribed previously." These structures have,

however been known for some time as not-

ed above, and both their development and

function studied in great detail (Serene

1954, Guinot 1979). Given the vast range

of shapes suggested by the term Fungi, the

term bolitimorph is more specific and is

preferred here to denote mushroom-shaped
structures.

Repositories.—Primary and secondary

types are deposited in the National Museum
of Natural History, Smithsonian Institution,

Washington, and The Virginia Museum of

Natural History, Martinsville, Virginia as

indicated.

Abbreviations.—NMNH, National Mu-
seum of Natural History, Smithsonian In-

stitution; S.I., Smithsonian Institution;

USGS, U.S. Geological Survey (when used

with number indicates a locality; see local-

ity register at end of paper); USNM, abbre-

viation for catalogue numbers of the former

U.S. National Museum now the National

Museum of Natural History; VMNH, Vir-

ginia Museum of Natural History.

The minute mushroom-shaped structures

found on the surfaces of numerous brach-

yurans, and referred to by French authors

for more than 100 years as "champignons"

(mushrooms) in reference to their "mush-

room-like" appearance, are here referred to

as bolitimorphs after the Greek bolites

(mushroom) in combination with the Greek

morphe (form, shape). Bolitimorph as here

defined is intended to replace the phrases

"mushroom-like structure" or "mushroom-
shaped structure". At least one living spe-

cies, Merocryptus boletifer Milne-Edwards

& Bouvier, 1894, from the Azores was
named for this common feature.

Haj & Feldmann (2002) observed similar

structures in members of the family Ran-

inidae and introduced the term "fungi-

form" for their mushroom shaped struc-

tures that form a "pebbled surface" and

stated, "This pebbled surface has not been

recognized in any other decapod taxon, nor

Measurements

Measurements are expressed in millime-

ters. Abbreviations are as follows: cl, car-

apace length, maximum longitudinal mea-

surement; cw, maximum transverse mea-

surement; prl, propodus length, length of

palm or combined length of palm and fixed

finger; prh, propodus height; prt, propodus

thickness.

Systematic Paleontology

Family Calappidae

Subfamily Matutinae

Genus Hepatus, Latreille, 1802

Hepatus bottomsi, new species

Fig. 1

Diagnosis.—Carapace arcuate (shaped

like a drawn bow), front prominent, strong-

ly elevated, produced well beyond orbits

and anterolateral margin; dorsal surface
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Fig. 1. Hepatiis bottoinsi Holotype (USNM 520705) dorsal \iew. Scale = 10 mm.

with eight distinct, pustulate protuberances;

suborbital flank deeply depressed above de-

scending, weakly sinuous anterolateral mar-

gin; surfaces everywhere pitted, particularly

anteriorly where appearing eroded.

Description.—Carapace arcuace, strongly

narrowing posteriorly, broad, length about

three-fourths width, widest just forward of

anterior-lateral angle, strongly convex lon-

gitudinally and highly arched transversely,

appearing tripartite in frontal view, gastric

and branchial regions distinctly swollen, re-

gions moderately well defined, greatly ele-

vated in younger individuals; dorsal surface

with eight prominent, pustulate protuber-

ances. Surfaces everywhere pitted, giving

an eroded appearance; pits most abundant

on anterior one-third of carapace particular-

ly on front, eyes, orbits, post orbital and

anterolateral margins, and adjacent surfac-

es. Surfaces somewhat smoother in larger,

more mature individuals. Fronto-orbital

width between one-fourth and one-third

carapace width. Front prominent, thick, bi-

lobate, strongly projecting beyond orbits

and anterolateral margin (and placed well

above anterolateral continuation of borders

of carapace); lobes truncate with lateral

margins rounded anteriorly, dorsally divid-

ed by deep sulcus, ventrally fused or closed

along entire length. Antennules very

obliquely set. Orbit small, subcircular. de-

fined by slightly raised wide rim; rim com-

posed of three lobes, base of eye in orbit

level with front; orbits directed obliquely

downward parallel to slope of thick, round-

ed dorsal margin above suborbital depres-

sion. Anterolateral margin comprised of

about 40 blunt denticles situated on from

12 to 13 or more teeth; teeth separated by

closed incisions, most of which begin with

a deep pit; teeth bidentate anteriorly other-

wise most often tridentate with median den-

ticle strongest. Margin, where descending
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anteriorly to buccal cavity, weakly sinuous,

comprised of single row of denticles of sub-

equal strength. Posterolateral margin

straight, strongly convergent posteriorly;

anterior portion of margin, just posterior to

strong tooth defining anterolateral angle,

with a long low-angle tooth directed

obliquely forward, tooth with double or tri-

ple close set rows of low tubercles; tuber-

cles continue as a single or double row to

distinct, though small, subacute tooth defin-

ing posterolateral angle; single row of tu-

bercles continue transversely across poste-

rior margin of carapace where it eventually

continues along the opposing lateral mar-

gins until returning to the opposite side of

the buccal cavity from which it began. Pos-

terior margin high, narrow, width about

one-seventh to one-fifth carapace width;

margin defined above by slightly convex

row of tubercles continuous with row of

posterolateral margin, and submarginal row

of tubercles below. Postfrontal surface with

medial, broad, very shallow sulcus leading

to base of frontal lobes. Epigastric region

defined by minute pustules on either side of

base of postfrontal sulcus. Hepatic region

depressed, bordered anteriorly by thick,

rounded carapace margin leading to orbit.

Remaining dorsal regions defined by eight

prominent, pustulate protuberances distrib-

uted as follows: paired protogastric, one

mesogastric, one cardiac, paired epibran-

chial, and paired mesobranchial. Protogas-

tric and mesogastric regions large, of sub-

equal size, subcircular. Epibranchial regions

developed into oblique ridges directed to-

ward marginal tooth of anterolateral angle.

Mesobranchial regions developed into ridg-

es aligned roughly with anterior ridge of

cardiac region to form a transverse line of

protuberances aligned with first posterolat-

eral tooth. Anterior face of ridges, smooth,

steep. Intestinal region weakly inflated, in-

distinct. Posterior gastric pits minute, close-

ly spaced.

Color.—Rust or yellowish brown to

brownish gray when dry, gray or dark gray

when wet. Recent species in alcohol are

usually gray.

Etymology.—This species is named for

E. Edward Bottoms, paleoanthropologist of

Portsmouth, Virginia, in recognition of his

numerous writings on Paleo Indians of the

Eastern United States, for his years of

teaching regional history on all student lev-

els in the Tidewater Area, and for stimulat-

ing the author's early interest and develop-

ment in paleontology.

Holotype.—The Lone Star Lakes, near

Chuckatuck, Suffolk, Virginia. USGS
26891; (USNM 520705) cl 42.88 mm, cw
54.92 mm. Paratypes: (USNM 520706), cl

49.97 mm, cw 66.18 mm. USGS 26891 as

above; (USNM 520707), cl 33.63 mm, cw
42.77 mm. USGS 26891 as above. (VMNH
13546), cl 47.24 mm, cw 64.19 mm. Same
geographic locality as USGS 26891 as

above.

Occurrence.—The Lone Star Lakes, near

Chuckatuck, Suffolk, Virginia.

Remarks.—Recent comparisons: The
greatly produced front of H. bottomsi im-

mediately separates it from all living spe-

cies of Hepatus but may confuse it with

species of the genus Hepatella, Smith, in

Verrill, 1869, type species H. amica, from

which it differs as follows. Adult specimens

of Hepatus bottomsi have eight low dorsal

protuberances compared to the six greatly

elevated dorsal protuberances found in

adults of Hepatella, and as Rathbun, 1937

notes, Hepatella lacks the suborbital de-

pression found in members of the genus

Hepatus. This feature is distinct in H. bot-

tomsi.

Fossil comparisons: Hepatus bottomsi

differs from the middle Miocene H. nodo-

sus Collins & Morris, 1976, of Trinidad, the

only fossil species with which it might be

confused, in having a greatly produced

front and obliquely directed epibranchial

ridges. In H. nodosus the front is marginal

and the epibranchial ridges are transverse.

Individuals of H. bottomsi become
smoother and their dorsal protuberances
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lower and much less pronounced as they

grow larger and older.

Leucosiidae

Subfamily Ebaliinae

Pterocarcinus, new genus

Diagnosis.—Carapace suboctagonal,

wing like; "wing" or branchial region ex-

tending laterally well beyond basis of legs;

margins very thin, carinate; front narrow

with two very weak rostral "horns"; car-

diac region most prominent, a raised, sub-

circular platform or "mesa" surrounded by

a deep, wide sulcus; posterior margin

broad, bilobate.

Type species.—Pterocarcinus baileyi, n.

sp. by present designation and monotypy.

Related species.—lEbalia rotundata (A.

Milne-Edwards, 1880); See A. Milne-Ed-

wards & E. L. Bouvier, 1902 for figures.

Generic status uncertain.

Etymology.—Ptero from the Greek, pter-

on, wing, in combination with the generic

name Carcinus derived from the Greek,

karkinos, or crab. Gender masculine.

Remarks.—In outline Pterocarcinus re-

sembles a number of species currently

placed in Ebalia Leach, 1817; Lithadia

Bell, 1855 and Speloeophorus A. Milne-

Edwards, 1865, but it differs dramatically

in overall shape and form from the type

species of all of these genera. It does not

possess the subhemispherical form of the

type species of Ebalia, E. tuberosa (Pen-

nant, Mil). Nor does it exhibit the outline,

"thick" wings, and caverns of the type spe-

cies of Speloeophorus, S. nodosus (Bell,

1855), and it does not exhibit the highly

elevated and excavated form represented by

the type of Lithadia, L. cumingii Bell, 1855.

(See Rathbun 1937, for figures of North and

South American species placed in these

genera). In overall form and outline P. bail-

eyi most closely resembles Ebalia rotun-

data (A. Milne-Edwards, 1880), a species

clearly not in the genus Ebalia, but one

which might be its closest living relative.

Ebalia rotundata, though very similar to

this new species, differs in having very

thick or rotund branchial "wings" unlike

the thin carinate wings of Pterocarcinus

and in having the cardiac and urogastric re-

gions joined and not completely separated

by a deep sulcus as in Pterocarcinus (Fig.

2A). In the absence of the first right pleo-

pod of a male and other features present in

living material, the true relationship of this

new fossil genus to other leucosiids may
never be fully understood, but its form is

quite different from all known genera. Frag-

ments of this new genus are fairly common
in strata of Pliocene age along the Atlantic

Coastal Plain. Given this situation it seems

best to give this unusual leucosiid a distinct

generic name.

Pterocarcinus baileyi, new species

Figs. 2-4

Diagnosis.—As for genus.

Description.—Carapace suboctagonal,

wing-like, length about eight-tenths width,

broadest at anterolateral angle; regions

moderately well defined; dorsal ridge from

front along midline to and including inter-

secting diagonal branchial ridges; hepatic

and cardiac regions and posterior lobes dis-

tinct to prominent, ridges greatly elevated;

irregular inner margin of elevated hepatic

region deeply excavated. Cardiac region

most prominent (Figs. 2A, 3B, F), a raised,

subcircular or oval free-standing "mesa-

like" platform completely surrounded by a

deep, wide sulcus filled with scattered, tall

bolitimorphs (Fig. 3B, D); "mesa" slightly

elevated above ridge of branchial region

and strongly produced posteriorly. Most

surfaces of carapace covered with pavement

of low, closely spaced or abutting boliti-

morphs (Fig. 2A); bolitimorphs separate or

free standing in depressions adjacent to

ridge leading to front, along and anterior to

diagonal ridge of branchial region, and in

sulcus completely surrounding cardiac

"mesa-like" region as well as ventral sur-

faces of pterygostomian and branchial re-

gions where they are highest and most dis-
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Fig. 2. Pterocarcinus balleyi Holotype (VMNH 13547) A. dorsal view; B. frontal view, close up. Scale

1 mm.
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Fig. 3. Pterocarcinus baileyi Holotype (VMNH 13547) A. anterior view; B. posterior view; C. left lateral

view; D. oblique posterior view. Scale = 1 mm. E. left lateral view of ventral surface beneath branchial "wing".

Scale = 0.5 mm. F. oblique frontal view to show height of cardiac "mesa". Scale = 1 mm.

tinct. Front truncate, elevated, narrow,

width slightly less than one-sixth width of

carapace, lateral margins defined by very

short, rounded, blade-like "horns" (Fig.

2A, B); front weakly projecting. Horns ap-

pearing more distinct in younger individu-

als. Fronto-orbital width about one-fourth

carapace width. Orbit sub-circular, margin-

al, with three sutures, slightly produced at

ex-orbital margin. Orbit and antennule fos-

sae openly connected; basal antennal seg-

ment not present (not preserved); antennule

fossae oblique. Bolitimorphs on fronto-or-

bital surfaces closely spaced forming pave-

ment (Fig. 2B).

Pterygostomian region developed into

long ridge subparallel to anterolateral mar-

gin (Fig. 3A); ridge composed of free

standing rows of bolitimorphs of median

length that cluster to form a downward,

obliquely directed tooth before terminating

posteriorly. Buccal cavity triangular, ante-

rior margins of afferent channels with mi-

nute pustules, margin curving downward

laterally to a narrow notch or sulcus. Bran-

chial "wings" extending laterally well be-

yond basis of ambulatory legs and chela

(Fig. 3A-C); legs probably not visible in

dorsal view. "Wings" ventrally covered

with distinctly separated tall bolitimorphs
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Fig. 4. Pterocarcinus baileyi Holotype (VMNH 13547) A., B. stereo pair in dorsal view. Scale = 1 mm.
Pterocarcinus baileyi Paratype (USNM 520708) C, D. close-up of bolitimorphs in post-hepatic depression.

Scale = 200 |xm. Pterocarcinus baileyi Holotype (VMNH 13547) E. close-up of stalk of bolitimorph to show
dagger-like structures that might function to hold sediment in place. Scale = 10 [xm. Pterocarcinus baileyi

Paratype (USNM 520708) F high magnification to show unique structure of crown of bolitimorph seen in figures

C. and D. above. Scale = 20 ixm.

(Fig. 3E); bolitimorphs much shorter and

abutting around margins at insertion of am-

bulatory legs and chela. Anterolateral, lat-

eral, and posterolateral margins very thin,

carinate (Fig. 3A-C); leading edge of each

curving downward like an airfoil; edge ap-

pearing beaded below where bordered by a

single row of minute bolitimorphs. Antero-

lateral margin longest, convergent anteri-

orly, set at 40 degrees to longitudinal axis;

margin interrupted medially by a very dis-

tinct fissure between hepatic and branchial
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regions; margin anterior to fissure thickened

and posterior to fissure sinuous; anterolat-

eral angle rounded to subacute. Lateral mar-

gin about two-thirds length of anterolateral

margin, distinctly concave in dorsal view

and raised medially in lateral view; anterior

half weakly divergent anteriorly; posterior

half subparallel to longitudinal axis and ter-

minating in a subacute angle. Posterolateral

margin perpendicular to longitudinal axis,

length less than one-half length of antero-

lateral margin; margin separated from pos-

terior lobes by deep sulcus. Posterior dis-

tinctly bilobate, width slightly less than

one-half width of carapace; lobes thick,

separated by a deep fissure; dorsal surface

of each, smooth; lobes moderately pro-

duced posteriorly, margin of each terminat-

ing in a thin, raised, beaded rim.

Apparent posterior gastric pits distinct,

very widely spaced, set on branchial ridges

just anterior to gastro-cardiac sulcus (Fig.

2A).

Color.—Brown, buff, or sometimes

weathered bluish grey.

Etymology.—This species is named for

Richard H. Bailey, geologist and paleontol-

ogist. Professor, Northeastern University,

Boston, Massachusetts, for his research

contributions to Atlantic Coastal Plain ge-

ology and paleontology, for his many years

of superb teaching, and especially for his

years of encouragement and field assistance

to the author.

Holotype.—Riddick Pit, about 4.4 km
southeast of Benns Church, Isle of Wright

County, Virginia. Same geographic locality

as USGS 26892 (VMNH 13547), cl 10.04

mm, cw 12.75 mm. Paratypes: (VMNH
13548), cl 10.77 mm, cw 13.36 mm esti-

mate, incomplete. Same geographic locality

as USGS 26892 above. (USNM 520708),

cl 9.16 mm, cw 10.22 mm, USGS 26891,

The Lone Star Lakes, near Chuckatuck,

Suffolk, Virginia; (USNM 520709), cl 8.79

mm, cw 10.95 mm, USGS 26891 as above.

Occurrence.—Riddick Pit, about 4.4 km
southeast of Benns Church, Isle of Wright

Co., Virginia, and The Lone Star Lakes,

near Chuckatuck, Suffolk, Virginia.

Remarks.—The function of the boleti-

morphs found on Pterocarcinus baileyi and

other crabs probably differs with each of

the taxa on which they occur. Given the dif-

ficulty of cleaning specimens covered with

these boletimorphs, it is obvious to this au-

thor that their primary function is most

probably one of concealment, in that they

very effectively trap sand particles and hold

them in the grooves and excavations of the

carapace, thus obscuring the crab's outline

and allowing it to blend into the substrate.

Such concealment would allow it to hide

from predators and ambush prey as well.

These sometime very ornate, even flower-

like, surface structures might also aid in an-

choring the crab in the substrate. They also

undoubtedly have a structural advantage in

their reinforcement of the carapace. Serene

(1954) elaborates on their development and

Guinot (1979) discusses their development

and presents the hypothesis that they serve

to channel water to the bases of the legs

and that they aid in concealment as well.

My own observations have indicated that

their individual form can be species specific

and therefore of particular use to paleon-

tologists in the identification of crab frag-

ments.

Subfamily Iliinae

Genus Persephona Leach, 1817

Persephona niemeyeriy new species

Figs. 5A, C, E, F

Diagnosis.—Carapace hemispherical

with three posterior spines; front bilobate,

elevated, produced with orbits well beyond

anterolateral margin; post frontal, hepatic

and all other dorsal surfaces thickly covered

with relatively high, subacute tubercles of

various sizes; tubercles strongest along lat-

eral and posterior margins, and highly con-

centrated on front, orbits and adjacent areas

where developed into bolitimorphs.

Description.—Carapace hemispherical,

width about nine-tenths of length, regions
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very weakly defined, front and orbits ad-

vanced well beyond anterolateral margins;

posterior with three equally spaced re-

curved spines, two marginal, and one me-

dian above margin. Dorsal surfaces thickly

covered with relatively high, subacute tu-

bercles of various sizes; tubercles strongest

along lateral and posterior margins, most

concentrated below plural suture, where

very low and closely spaced, and highly

concentrated on front, orbits and adjacent

areas where developed into bolitimorphs.

Front very narrow, width about 0.09 width

of carapace, bilobate, lobes separated by

distinct v shaped sulcus, laterally defined by

raised clusters of tubercles; anterior mar-

gins of lobes blunt, denticulate. Orbit very

small, divided by three deep, narrow, open

sutures creating four lobes. Minute, elon-

gate tubercles span sutures from both sides,

creating a pectinate appearance. Supraorbit-

al eave and median lobe meet at a steep

angle to form a broad v as seen from above.

Large distinct bolitimorphs concentrated on

outer lobe. Suborbital lobe with afferent

channel below; channel deeply notched at

anterolateral angle, inner angle rounded dis-

tally, margin pustulose and channel pro-

duced beyond front and orbits as seen in

dorsal view. Hepatic region slightly swol-

len, weakly defined, thickly covered with

tubercles. Superior margin of subhepatic re-

gion with low ridge of concentrated tuber-

cles; ridge not joining but rather descending

just below tubercles of anterolateral margin.

Anterior and posterior lateral margins of

carapace continuous, defined by a row of

larger tubercles beginning at orbit and con-

tinuing along upper edge of plural suture to

a point just above tooth of posterolateral an-

gle; row poorly separated from dorsal tu-

bercles, sometimes indistinct or appearing

as double row where intermixed with dorsal

tubercles; area below plural suture covered

with closely spaced low tubercles, surface

appearing very rough, bordered below by

distinct row of strong tubercles just above

bases of ambulatory legs. Posterior margin

slightly more than one-third carapace

width, produced posteriorly, laterally de-

fined by a broad, stout, triangular, acute re-

curved spine at each corner; margin be-

tween spines comprised of from seven to

10 large recurved tubercles; intestinal mar-

gin above with a single medially placed,

stout, recurved spine. Spines coarsely gran-

ulate. Posterior gastric pits not evident.

Color.—Reddish orange to yellow when
dry.

Etymology.—This species is named for

Antonio B. Niemeyer, Jr., science teacher,

retired, of Chesapeake, Virginia, in recog-

nition of his contribution to science through

his many years of teaching science in the

public schools of tidewater Virginia and for

the fundamentals of general science that he

instilled in this author so many years ago.

Holotype.—The Lone Star Lakes, near

Chuckatuck, Suffolk, Virginia. USGS
26891, (USNM 520710) cl 52.30 mm, cw
48.13 mm; Paratypes: (USNM 520711) cl

43.69 mm, cw 38.85 mm, USGS 26891 as

above; (USNM 520712) cl 30.06 mm, cw
25.91 mm, USGS 26891 as above; (USNM
520713) cl 23.02 mm, cw 18.07 mm. Frag-

ment of anterior portion of carapace only.

USGS 26891 as above; (VMNH 13549) cl

36.83 mm, cw 33.27 mm. Same geographic

locality as USGS 26891 above.

Occurrence.—The Lone Star Lakes, near

Chuckatuck, Suffolk, Virginia.

Remarks.—Recent comparisons; Perse-

<—

Fig. 5. Persephona niemeyeri Paratype (USNM 520711) A. closeup of left anterior surface in dorsal view.

Scale = 4 mm. Persephona rodesae Holotype (USNM 520714) B. closeup of right anterior surface in dorsal

view. Scale = 5 mm. Persephona niemeyeri Paratype (USNM 520711) C. dorsal view. Scale = 10 mm. Per-

sephona rodesae Holotype (USNM 520714) D. dorsal view. Scale = 10 mm. Persephona niemeyeri Holotype

(USNM 520710) E. dorsal view of geronic specimen, bare areas are a result of wear and abrasion. Scale = 10

mm. Persephona niemeyeri Paratype (USNM 520712) F. dorsal view. Scale = 10 mm.
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phona niemeyeri is most similar to the Re-

cent western Atlantic purse crab, P. medi-

terranea (Herbst, 1794) (see: Williams

1984 for synonymy) from which it can be

immediately separated on the basis of its

dense tuberculate covering alone.

Fossil comparisons: Persephona niemey-

eri most closely resembles P. rodesae de-

scribed below from which it can be sepa-

rated as follows: 1.) Persephona niemeyeri

has far more dorsal tubercles than P. ro-

desae, especially anteriorly on the postfron-

tal, frontal, and orbital surfaces; 2.) these

tubercles are much higher and more acute

than those of P. rodesae; 3.) the densely

tuberculate hepatic region of P. niemeyeri

differs considerably from that of P. rodesae

which possesses only a few tubercles; and

4.) the lateral row of tubercles just above

the plural suture of P. niemeyeri is poorly

separated from the dorsal tubercles with

which it inner grades, where as this row in

P. rodesae is well separated from the dorsal

tubercles.

Specimens of isolated "arms" referred to

P. punctata (Linne, 1758) by Rathbun

(1935:106), from her Virginia localities will

probably, in time, be shown to represent P.

niemeyeri and/or P. rodesae. The right pos-

terior spine of paratype (USNM 520712)

was broken off prior to photography but has

since been restored. The barren surfaces

seen on the figure of the holotype (USNM
520710) of P. niemeyeri are the apparent

result of abrasion on this gerontic specimen.

Remnants of the dense covering of these

tubercles and bolitimorphs can be seen on

the actual specimen.

Persephona rodesae, new species

Fig. 5B, D

Diagnosis.—Carapace hemispherical

with three posterior spines; front bilobate,

elevated, produced with orbits well beyond

anterolateral margin; post frontal surface

barren of tubercles, hepatic region and all

other dorsal surfaces sparsely covered with

relatively low, small, obtuse to subacute tu-

bercles of subequal size; tubercles strongest

along lateral and posterior margins, and

very small to minute where highly concen-

trated on distal surface of front, and around

orbits.

Description.—Carapace hemispherical,

width about nine-tenths of length, regions

very weakly defined, front elevated, pro-

duced with orbits well beyond anterolateral

margin; posterior with three equally spaced

recurved spines, two marginal, and one me-
dian above margin. Dorsal surfaces sparsely

covered with relatively low, blunt to sub-

acute tubercles of subequal size; tubercles

strongest along lateral and posterior mar-

gins, most concentrated below plural suture,

where very low, rounded and closely

spaced; very small to minute tubercles

highly concentrated on front and orbits

where some are developed into small boli-

timorphs; post frontal surfaces and adjacent

areas behind orbits nearly barren, void of

tubercles. Front very narrow, width about

0.11 width of carapace, bilobate, lobes sep-

arated by distinct v-shaped sulcus, laterally

defined by low ridge formed by raised clus-

ters of tubercles; anterior margins of lobes

blunt, denticulate. Orbit very small, divided

by three deep, narrow, open sutures creating

four lobes. Minute, elongate tubercles span

sutures from both sides, creating a pectinate

appearance. Supraorbital eave and median

lobe meet at a steep angle to form a broad

V as seen from above. A few very small

bolitimorphs are present along margin of

outer lobe and just posterior to orbit along

anterolateral margin. Hepatic region slight-

ly swollen, weakly defined, surface with

only a few tubercles. Subhepatic region not

preserved in type series. Anterior and pos-

terior lateral margins of carapace continu-

ous, defined by a distinct row of larger tu-

bercles beginning at orbit and continuing

along upper edge of plural suture to a point

just above tooth of posterolateral angle; row
of tubercles usually well ordered and well

separated from dorsal tubercles, particularly

anteriorly; posteriorly row may inner grade

with some dorsal tubercles and appear as a
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double row; area below plural suture cov-

ered with pavement of closely spaced low

tubercles, surface appearing very rough.

Posterior margin slightly more than one-

third carapace width, produced posteriorly,

laterally defined by a broad, stout, triangu-

lar, acute recurved spine at each corner;

margin between spines comprised of from

seven to 11 large recurved tubercles; intes-

tinal margin above with a single medially

placed, stout, recurved spine. Spines

coarsely granulate. Posterior gastric pits not

evident.

Color.—Pale yellow when dry.

Etymology.—This species is named for

Mary Betty Rodes, science teacher, de-

ceased, formerly of Portsmouth, Virginia, in

recognition of her contribution to science

through her many years of teaching science

in the public schools of tidewater Virginia.

In addition Miss Rodes provided the author

with his first formal introduction to pale-

ontology.

Holotype.—Rices Pit, Hampton, Virgin-

ia. USGS 26893, (USNM 520714) cl 27.05

mm, cw 23.86 mm. Paratypes: (USNM
520715) cl 32.05 mm, cw 28.39 mm, USGS
26893 as above; (USNM 520716) cl 32.60

mm, carapace incomplete, cw 35.50 mm,
USGS 26893 as above; (USNM 520717) cl

15.47 mm, cw 16.41 mm, fragment of an-

terior portion of carapace only, USGS
26893 as above; (VMNH 13550) cl 27.88

mm, cw 24.95 mm, same geographic local-

ity as USGS 26893 above.

Occurrence.—Rices Pit, Hampton, Vir-

ginia.

Remarks.—Recent comparisons: Perse-

phona rodesae appears most similar to the

Recent Western Atlantic purse crab, P.

mediterranea (Herbst, 1794) (see: Williams

1984 for synonymy) from which it differs

in having: 1.) relatively high, obtuse to sub-

acute tubercles, compared to the very low

rounded tubercles of P. mediterranea; 2.)

small to minute tubercles concentrated on

its front and orbits unlike P. mediterranea

where these areas are all but barren; 3.)

fewer, though stronger tubercles on its he-

patic region; 4.) fewer, though stronger tu-

bercles along its lateral margins; 5.) a much
rougher surface below its lateral margins;

and 6.) far fewer and much stronger tuber-

cles along its posterior border.

Fossil comparisons: Persephona rodesae

most closely resembles P. niemeyeri de-

scribed above. See remarks for P. niemeyeri

for comparison.

Persephona rodesae and P. niemeyeri

have not been found at the same locality or

in similar sediments. Persephona rodesae

has been found in the shelly sands of Rices

Pit, a much calmer, much less violent en-

vironment during its deposition than that

seen at the Chuckatuck Bar where P. nie-

meyeri is found. The morphological differ-

ences between these two species therefore

appear directly related to these environmen-

tal differences.

Family Majidae

Subfamily Inachinae

Genus Euprognatha Stimpson, 1871

Euprognatha riceiy new species

Fig. 6

Diagnosis.—Carapace pyriform in out-

line, surface with five unusually long nar-

row blunt spines, mesogastric and cardiac

spines longest, surface between base of me-

sogastric spine and protogastric regions ex-

hibiting a distinct, pentagonal array of gran-

ulations mimicking the shape of a royal

crown; intestinal spine present, well devel-

oped; interantennular spine absent.

Description.—Carapace pyriform in out-

line; fronto-orbital region strongly project-

ing, narrow, occupying less than one-fourth

width of carapace; regions well defined,

moderately swollen. Front bidentate, pro-

jecting; projections represent superior sur-

face of "shoe-shaped" antennual fossae be-

low; projections broadly triangular or ob-

tuse distally, divided by a shallow sulcus

extending posteriorly where terminating at

an inverted v-shaped row of eight granules.

Orbit circular, margins vertical, subparallel;

supraorbital eave covered with triangular
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Fig. 6. Euprognatha ricei Holotype (USNM 520718) A. right lateral view. Scale = 2 mm. B. ventral closeup

of antennule fossae, and long basal segment of antenna. Scale = 1 mm. C. dorsal view. Scale = 2 mm.

field of granules posteriorly; point of field

distal where defined by a strong tubercle on

orbital margin. Eyes apparently on long

stalks, resting within depression of postor-

bital spine. Postorbital spine very strong;

broad basally, tapering to a point distally,

obliquely directed forward. Basal antennal

article with inner and outer rows of gran-

ules of which several are developed into

short, obtuse spines (tubercles); article di-

rected only slightly obliquely forward, ter-

minating in a granulated spine subequal in

advancement to the front. Antennal sternum

weak, not produced; interantennular spine

absent. Outer margin of pterygostomian re-

gion with rows of coarse granules; superior

row with large blunt tooth posteriorly. Buc-

cal cavity broadest anteriorly, lateral mar-

gins divergent, width about one-third width

of carapace. Hepatic region conical, sparse-

ly covered with rounded granules or small

tubercles, terminating obliquely in a strong

blunt spine; spine produced laterally to a

distance subequal to advancement of post

orbital spine. Mesogastric, cardiac, intesti-

nal, and branchial regions each surmounted

with a single prominent cylindrical blunt

spine; mesogastric spine longest, vertically

directed; cardiac spine subequal to meso-

gastric spine, slightly directed posteriorly;

intestinal and branchial spines much shorter

and of subequal length; the former oblique-

ly directed posteriorly; latter obliquely di-

rected laterally. Spines smooth laterally

with their distal ends granulated. Surface of

carapace noticeably punctate, otherwise rel-

atively smooth except for concentrations of

low tubercles or rounded granules along

frontal margins, supraorbital eaves, postor-

bital spines, hepatic regions, lateral mar-

gins, and bases of prominent spines. Irreg-

ular concentrations of tubercles and gran-

ules appearing as a distinct anteriorly di-

rected row on each branchial region; row
beginning just posterior to prominent spine

of branchial region and converging anteri-

orly where tapering to a point at branchial-

hepatic junction. Surface between base of

mesogastric spine and protogastric regions

defined by a very distinct pentagonal array
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of granulations arranged in the shape of a

royal crown. Tubercles strongest on or near

hepatic and anterolateral margins. Posterior

gastric pits distinct, close set at base of me-

sogastric region, each bounded posteriorly

by cluster of three granules. Distinct broad,

smooth, groove separating cardiac and in-

testinal regions from branchial region.

Branchial region posterolaterally pro-

duced into a relatively wide, flattened, gran-

ulated margin. Posterior margin moderately

produced posteriorly, width about one-third

carapace width.

Color.—Ash white when dry, or gray

when wet.

Etymology.—This species is named in

honor and appreciation of Mr. William M.
Rice, deceased, of Hampton, Virginia, who
allowed the author unrestricted access to his

borrow pit and who, with his wife, Made-
line, and family built a museum on his

property for the purpose of educating stu-

dents in the Hampton Roads area. This

small museum, known as The Kenneth E.

Rice Memorial Museum (after his youngest

son), the borrow pit behind it, and the tu-

torage of Mr. Rice served more than five

thousand students of all ages each year. His

positive impact on the paleontology of the

area is unsurpassed.

Holotype.—Rices Pit, Hampton, Virgin-

ia. USGS 26893, (USNM 520718) cl 10.31

mm, cw 9.01 mm. Paratypes: (USNM
520719) cl 4.41 mm, cw 3.46 mm, USGS
22209 same geographic locality as USGS
26893 above; (VMNH 13551) cl 7.75 mm,
cw 6.83 mm, USGS 26893 as above.

Occurrence.—Rices Pit, Hampton, Vir-

ginia.

Remarks.—Recent comparisons: Of the

known living species of Euprognatha, E.

ricei appears most similar in overall form,

number and placement of prominent dorsal

spines and distribution of tubercles and

granules to E. gracilipes A. Milne-Ed-

wards, 1878b (Florida Keys to Barbados,

Rathbun 1925). Euprognatha ricei can

however be easily separated from E. gra-

cilipes as follows: 1.) the prominent spines

of E. ricei are much longer than those of E.

gracilipes and E. ricei unlike E. gracilipes

possesses an intestinal spine; and 2.) the

dorsal surface of E. ricei is much less gran-

ulate than the evenly, coarsely granulated

surface of E. gracilipes. The presence of

long mesogastric, branchial, and cardiac

spines, and in particular a long intestional

spine in combination with its sparsely gran-

ulated surface, the absence of an interanten-

nular spine and the presence of a pentago-

nal array of granules in the shape of a royal

crown on its mesogastric region easily sep-

arate E. ricei from all other living species

of Euprognatha.

Fossil comparisons: Rathbun (1935)

identified two left dactyls from the Miocene

of Liberty County, Florida as Euprognatha

sp., p. 112, pi. 24, figs. 16-19. Lacking as-

sociated chela, the type specimens of E. ri-

cei cannot be compared with Rathbun's ma-

terial.

The distal end of the left basal antennal

article was broken and lost by the author in

handling the specimen after the photograph

was completed.

Subfamily Mithracinae

Genus Stenocionops Desmarest, 1823

Stenocionops dyeri, new species

Fig. 7

Diagnosis.—Carapace oblong-ovate,

strongly arched anteriorly; superior lateral

marginal spines three; frontal depression

laterally bordered by 10 to 18 small spines;

cardiac region greatly elevated, armed with

an irregular pentagonal array of five short

spines.

Description.—Carapace oblong-ovate,

strongly arched anteriorly, surface uneven,

regions well defined. Length from rostral

notch along middorsal line from 1.33 to

1.41 times greatest width, broadest across

middle of branchial regions; greatest height

approximately one-half that of width. Ros-

tral horns basally divergent, laterally sub-

parallel, short, flattened, slightly upturned

distally. Frontal depression deep, ovate, lat-



184 PROCEEDINGS OF THE BIOLOGICAL SOCIETY OF WASHINGTON

B

Fig. 7. Stenocionops dyeri Holotype (USNM 520720) A. dorsal view and B. left lateral view. Scale

10 mm.

erally bordered by 10 to 18 small spines

decreasing in height anteriorly. Fronto-or-

bital region broad, more than one-half times

that of width; orbits strongly projecting.

Eyes small, retractable within deep tubular

orbits; preocular spine superior, a small dis-

tinct spine or tubercle medial to its base;

postocular spine smaller, acute. Orbit com-

pleted below by a blade-like lateral expan-

sion of basal antennal article. Basal anten-

nal article broader than long, armed with 3

spines, one anterior-external, short, acute,

barely visible dorsally; another, posterior-

external, usually very weak; and last, an-

terior-internal, strong, acute, extending for-

ward and obliquely downward from basal

insertion of second antennal article. Second

antennal article not extending forward to or

beyond rostral notch. Opening of green

gland oval, noticeably raised, a prominent,

obliquely downward-directed, acute spine

near its external-lateral border. Pterygosto-

mian region triangular, armed with two

small outer marginal spines; anterior lon-

gest. Inner margins raised, rim like, anteri-

orly terminated by an anvil-like process.

Buccal frame broader than long, widest an-

teriorly; width about one-third width of car-

apace width. Superior lateral marginal

spines three; one hepatic and two branchial.

Secondary lateral marginal spines common,
may exceed ten, their number apparently in-

creasing with age. Hepatic region swollen,

very distinct, reaching beyond fronto-orbit-

al width, armed laterally with a cluster of

five or more spines; superior inner margin

with two spines, posteriormost longest and

strongest. Mid-dorsal line slightly raised,

ridge-like. Gastric region greatly arched an-

teriorly; armed with from eight to 10 short

spines, of which four are usually mesogas-

tric, two metagastric, and three urogastric.

Posterior gastric pits faint, bordered by
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curved row of spines just distal to cervical

groove.

Cardiac region greatly elevated, usually

armed with a characteristic irregular pen-

tagonal array of five small spines, posteri-

ormost two, often close set. Cardio-intesti-

nal and metabranchial regions separated by

deep furrows. Intestinal region armed with

two distinct spines along midline, posteri-

ormost largest; spines aligned perpendicular

to a lower horizontal row of from two to

five smaller spines and/or tubercles, their

number apparently decreasing with age;

row of spines bordered below by wide,

shallow sulcus. Posterior margin rounded,

narrow, slightly projecting, width less than

one-half fronto-orbital width. Branchial re-

gions uneven, moderately spinous. A dis-

tinct, armed, broadly conical prominence on

each epibranchial, mesobranchial and me-

tabranchial region, which when roughly

aligned with rostral notch, forms an invert-

ed V of approximately 30°. Epibranchial

prominence usually with two secondary

spines or tubercles. A prominent ridge

armed with three low spines, posterior lon-

gest, occupying inter-lateral margin of me-

tabranchial region.

Lower margin of entire carapace termi-

nating in a rounded rim. Entire surface of

body (chelipeds—excepting distal half of

fingers) closely covered with minute, cir-

cular pores.

Coxa, basis, and ischium of chelipeds

and ambulatory legs, unarmed. Merus of

cheliped quadrangular in section, armed

with four distinct lateral rows of spines, the

dorsal row being most prominent with four

superior spines and as many as five smaller

spines or tubercles. Carpus smooth. Hand
elliptical in section, highest proximally,

smooth to finely granulate. Fingers less than

one-half length of palm, not gaping. Am-
bulatory legs circular in section; merus of

first and second pair moderately tuberculate

above; third and fourth pairs smooth. Legs

decreasing in length posteriorly.

Color.—Ash white with faint patches of

pink when dry, gray when wet. Some living

species of Stenocionops are dark red, such

as Stenocionops fiircata coelata (A. Milne-

Edwards. 1878a). See Wilhams (1984:339).

Etymology.—This species is named for

Brian J. Dyer, microbiologist. Old Domin-
ion University, Norfolk, Virginia for his

contribution to science through his years of

research and teaching and especially for his

years of encouragement and field assistance

to the author

Holotype.—The Lone Star Lakes, near

Chuckatuck, Suffolk. Virginia. USGS
26891, (USNM 520720) cl including ros-

trum 58.38 mm, excluding rostrum 54.47

mm, cw including spines 44.65 mm, ex-

cluding spines 40.03 mm. Paratypes:

(USNM 520721) Female: cl including ros-

trum 53.91 mm, excluding rostrum 49.96

mm, cw including spines 41.70 mm, ex-

cluding spines 37.72 mm. right propodus:

prl 21.63 mm, prh 6.09 mm, prl 3.15 mm,
left propodus, prl 20.96 mm, prh 5.13 mm,
prt 3.22 mm, USGS 26891 as above;

(VMNH 13552) cl including rostrum 42.95

mm, excluding rostrum 39.21 mm, cw in-

cluding spines 32.22 mm. excluding spines

27.75 mm, same geographic locality as

USGS 26891 above.

Occurrence.—The Lone Star Lakes, near

Chuckatuck, Suffolk, Virginia.

Remarks.—Recent comparisons: Steno-

cionops dyeri appears most similar in shape

and overall character to S. spinosissima

(Saussure. 1857) from which it can be eas-

ily separated as follows: 1.) Stenocionops

dyeri has three strong lateral spines com-

pared to the five found in S. spinosissima:

2.) S. dyeri has short, flattened rostral horns

compared to the much longer, more acute

horns of S. spinosissima: and 3.) S. dyeri

has between 13 to 15 short median spines,

of which those on the cardiac region are

arranged in an irregular pentagonal array in

contrast to S. spinosissima which exhibits

10 median spines of which only two are

found on the cardiac region. Stenocionops

dyeri also superficially resembles a much
smaller species of Stenocionops, S. trian-

gulata (Rathbun, 1892) which also possess-
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es three lateral spines. These spines in S.

dyeri, however, are shorter and much less

acute. Stenocionops dyeri also differs from

this species in having: 1.) much flatter,

shorter and less divergent rostral horns; 2.)

13 to 15 median spines compared to about

nine on S. triangulata; and 3.) an irregular

pentagonal array of five spines on its car-

diac region compared to only one or two on

this region in S. triangulata. In reference to

S. triangulata, Rathbun (1925:461) states:

"Known only from small and immature

specimens". The pentagonal array of spines

on the cardiac region of S. dyeri alone sets

it apart from all other known species of

Stenocionops.

Fossil comparisons: Rathbun (1935) de-

scribed Stenocionops primus from the Up-

per Cretaceous Brownstown Formation, of

Howard County, Arkansas and Stenocion-

ops suwanneeana from the Eocene Ocala

Limestone of Suwannee County, Florida.

The chela of these two species may indeed

resemble those of adult males of Stenocion-

ops or other mature majid chela but in size

and coarse granulation they are very differ-

ent from the nearly smooth diminutive fe-

male chela of S. dyeri. The chela in both

adult male and female species of some liv-

ing representatives of Stenocionops are rel-

atively small, like those of S. dyeri, but in

reaching maturity the chela in gerontic

males can become quite large. The geologic

time difference between S. dyeri and these

geologically much older taxa is such that it

would be very unlikely that they represent

the same species.

The barnacle, Balanus sp., is often found

completely covering the dorsal surface of

the carapace of S. dyeri where it apparently

lived as a symbiont during the life of the

crab. This barnacle has not yet been found

covering the orbital openings of this crab,

thus revealing that the crab was indeed

alive and able to keep its orbits clear during

this relationship. The massive numbers of

this barnacle found on some specimens of

S. dyeri greatly increased the crab's surface

area and undoubtedly contributed to its be-

ing washed about and buried in the Chuck-

atuck Bar deposits by strong currents dur-

ing storms. These same barnacles also

strengthened the dorsal aspect of the cara-

pace allowing it to be preserved in this high

energy environment of deposition.
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Appendix 1

Locality register

USGS 26891 The Lone Star Lakes, formerly Lone

Star Cement Company open-pit mine, about 1 km
north of Chuckatuck, Suffolk, Virginia. USGS
Chuckatuck, 7y2-minute quadrangle map, 1965 pho-

torevised 1979.

USGS 26892 Open-pit mine, locally known as Rid-

dick Pit, about 4.4 km southeast of Benns Church,

on east side of Va. route 10/32, Isle of Wright Coun-

ty, Virginia. USGS Benns Church IVz-minxxic quad-

rangle map, 1965 photorevised 1986.
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USGS 26893 Rices Pit belonging to Mr. William M. USGS 22209 Same geographic locality as 26893

Rice, about 0.4 km north of intersection of Fox Hill above but collected by a large group of Smithsonian

Road (Rte. 167) and Harris Creek Road. Hampton. scientists lead by G. A. Cooper in 1966.

Virginia. USGS Hampton. T^i-minute quadrangle

map, 1965 photorevised 1986.
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Columbasellus acheron, a new genus and species of subterranean

isopod from Washington (Crustacea: Isopoda: Asellidae)

Julian J. Lewis, Joel W. Martin, and Regina Wetzer

(JJL) J. Lewis & Associates, Biological Consulting, 217 W. Carter Avenue,

Clarksville, Indiana 47129, U.S.A.

(JWM & RW) Research & Collections Branch, Natural History Museum of Los Angeles County,

900 Exposition Boulevard, Los Angeles, California 90007, U.S.A.

Abstract.—Columbasellus acheron, new genus, new species, is described

from a male specimen discovered during the cleaning of the municipal water

well of Kalama, Washington. The genus Columbasellus is geographically clos-

est to the genera Caecidotea, Calasellus and Salmasellus, but is morphologi-

cally more similar to the Eurasian Asellus aquaticus/hilgendorfii complex of

species, with which it shares a male pleopod 2 that possesses a relatively large

labial spur and basal spur, and fully formed, ovate exopods in pleopods 4 and

5. Columbasellus acheron inhabits the hyporheic zone of the Kalama River.

Evidence is presented that indicates widespread use of stream gravel interstices

by subterranean isopods in the Pacific Northwest, including the first record of

Salmasellus howarthi from Oregon.

In the eastern United States there are

about 65 described species of subterranean

asellid isopods, mostly known from caves

(Henry et al. 1986, Lewis & Bowman
1995), although a significant number have

now been described that apparently live in

soil or gravel interstices (Lewis 1982, 2000;

Lewis & Bowman 1981; Lewis & Holsin-

ger 1985). The situation is different west of

the Rocky Mountains, where caves and

karst are much less commonplace and only

five subterranean asellids have been de-

scribed: Caecidotea sequoiae Bowman,
1975, Calasellus californicus (Miller,

1933), C. longus Bowman, 1981, Salma-

sellus steganothrix Bowman, 1975 and S.

howarthi Lewis, 2001.

It is becoming increasingly apparent that

subterranean isopods are more widespread

in western North America than the number

of described species might indicate. We add

to the growing body of evidence (Lewis

2001) that subterranean isopods are com-

mon in the hyporheic zone of western

streams with the description of Columba-

sellus acheron, the first record of Salma-

sellus howarthi from Oregon, and several

other records of undetermined eyeless, un-

pigmented isopods.

It is with some chagrin that we make this

addition by describing a new genus and

species of subterranean isopod that was dis-

covered during the process of trying to

eradicate it. The city of Kalama, Washing-

ton, currently obtains groundwater from

sands and gravels below the Kalama River,

which is located approximately 3.2 km east

of the confluence of the Kalama and Co-

lumbia rivers near the Modrow Bridge (Fig.

1). The water withdrawal is accomplished

via a Ranney well collection system that

consists of three horizontal pipes extending

below the Kalama River at a depth of five

meters. The isopods were flushed from the

municipal well during the process of clean-

ing it with superchlorination, scouring and

vacuuming. Of dozens of isopods emerging

from the well, only one was collected. This

single specimen is recognized here as a

unique subterranean isopod flushed from its

hyporheic habitat.
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^ Columhasellus acheran n. sp.

A Location of other asellids (see text)

Salmasellus liowarthi

Cities

Rivers and water bodies

State boundaries

Fig. 1 . Map of the Pacific northwest showing collection localities of subterranean asellid isopods.

Family Asellidae G. O. Sars, 1897

Columhasellusy new genus

Diagnosis.—Eyeless, unpigmented. Head
without rostrum or lateral incisions. Mandible

with 3-segmented palp, 4-cuspate incisors

and lacinia mobilis. Maxilla 1 inner lobe with

5 apical setae. Pereopods, coxae visible in

dorsal view; male pereopod 1 propodus slen-

der, palm without processes; dactyls 1-7 with

accessory unguis. Male pleopod 1 with reti-

nacula present. Male pleopod 2 endopod with

digitiform basal spur, endopodial groove orig-

inating from within basal part of endopod,

labial spur present, cannula tapering to a sub-

triangular stylet; exopod with catch lobe. Ple-

opod 3 exopod with transverse suture. Pleo-



192 PROCEEDINGS OF THE BIOLOGICAL SOCIETY OF WASHINGTON

pods 4 and 5 with well formed ovate exopods

and endopods.

Morphology and setation pattern of the

mandible, maxilla 2, pereopods, uropods,

essentially identical to other previously de-

scribed asellids (e.g., see figures by Wil-

liams 1970, Bowman 1981).

Type-species.—Columbasellus acheron.

Etymology.—"Columb" from Columbia

River + ''Asellus'\

Relationships.—Columbasellus is geo-

graphically closest to Caecidotea from U.S.

Pacific coastal states (Williams 1970; Bow-
man 1974, 1975), Calasellus two species

from California (Bowman 1981), and Sal-

masellus two species in Washington and Al-

berta (Bowman 1975, Lewis 2001). How-
ever, Columbasellus is morphologically

more similar to the Eurasian Asellus aqua-

ticuslhilgendorfii assemblage discussed by

Henry and Magniez (1995). These authors

analyzed the Pacific Rim asellids and found

anatomical similarities that suggested a

common ancestor for the following genera:

Asellus, Calasellus, Mesoasellus, Nippona-

sellus, Phreatoasellus, Sibirasellus, and

Uenasellus. These genera have the follow-

ing characteristic states, which may be syn-

apomorphic for the group: a first maxilla

with 4 or 5 setae on the inner lobe; no pro-

cesses on the palmar margin of the pereo-

pod 1 propodite; a male second pleopod

possessing an exopodite catch lobe, endop-

odite basal and labial spurs. Mesoasellus,

Phreatoasellus, Uenasellus, Calasellus

comprise a clade characterized by the fol-

lowing shared states: first maxilla with 5

setae on the inner lobe; mandibular palp of

three articles. We add Columbasellus to this

clade. Within the clade, Columbasellus is

distinguished by the following autapomor-

phies: labial spur arising from within en-

dopodial groove not from the rim of the en-

dopodial groove as in Calasellus and Sibi-

rasellus; cannula short and tapering, not

elongate and seta-like as in Calasellus.

Columbasellus is separated from Caeci-

dotea and Salmasellus by the absence of

basal and labial spurs in the male second

pleopod of the latter genera. Basal and la-

bial spurs are present in Columbasellus and

Calasellus, but the structure of the labial

spurs are quite dissimilar. Columbasellus

has a labial spur (see Henry & Magniez

1995) arising from within the endopodial

groove, whereas the labial spur of Calasel-

lus consists of a tiny cylindrical structure

on the rim of the endopodial groove similar

to that of Sibirasellus. The cannula in Col-

umbasellus is a relatively short, tapering

subtriangular stylet, while in Calasellus it

is a seta-like filament that traverses most of

the length of the endopod.

Bowman (1981) believed that Calasellus

was related to Asellus {Phreatoasellus)

Matsumoto, 1962 (five species in Japan,

now elevated to generic status), which

agrees with the later synthesis of Henry and

Magniez (1995). Columbasellus and Cala-

sellus are separated from Phreatoasellus by

the dissimilar male pleopod 2 and by the

absence of an accessory unguis on the pe-

reopod dactyls. The pleopod 4 exopod of

Phreatoasellus is ovate in P. higoensis and

P. kawamurai, while pyriform in P. uenoi,

P. iriei and P. minatoi (Matsumoto 1960,

1962, 1978). The pleopod 5 exopod is well

developed in all Phreatoasellus. Columba-

sellus is further separated from Calasellus

by the oval pleopod 4 exopod (pyriform in

Calasellus) and by the presence of a well

formed pleopod 5 exopod (rudimentary or

absent in Calasellus).

Columbasellus acheron^ new species

Figs. 2-4

Material examined.—Washington, Cow-
litz Co., Kalama, Ranney Well (approxi-

mately 46.00N, 122.82W), about 5 m below

Kalama River, collected May 2000, Carl

McCrary, 1 male. This 14.5 mm male is the

holotype and has been deposited in the col-

lection of the Natural History Museum of

Los Angeles County (LACM CR 2000-

013.1).

Etymology.—Refers to the River Acher-
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Fig. 2. Columbaselhis acheron, holotype male, a, habitus; b, antenna 1 ; c, left mandible, incisor and lacinia

mobilis; d, right mandibular incisor; e, mandibular palp; f, maxilla 1, inner lobe; g, same, outer lobe; h, max-

illiped.

on of Greek mythology, one of the rivers veloped. Pleotelson ovate, about 1.3X as

flowing through the underworld.

Description.—Body linear, about 4.8 X as

long as wide. Head trapezoidal, about 2X
as wide as long, anterior margin slightly

concave, postmandibular lobes weakly de-

long as wide, false sutures faintly visible on

anterior dorsal surface, caudomedial lobe

not produced.

Antenna 1 reaching to mid-length of last

article of antenna 2 peduncle, flagellum of
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Fig. 3. Columbasellus acheron, holotype male, a, pereopod 1; b, pereopod 2; c, pereopod 7.

23 articles, esthete formula equivocal due

to damage, apparently 3-0-1-0-12. Antenna

2 about 0.8 X body length, basal segments

slender, linear, cylindrical, specialized mod-
ifications absent, flagellum of about 67 ar-

ticles.

Left mandible with incisor 4-cuspate and

2 minute denticles, lacinia mobilis 4-cus-

pate, 16 spine-like setae in adjacent row;

right incisor 4-cuspate, 17 spine-like setae

in row; molars present, unremarkable; palp

with rows of plumose setae on articles 2

and 3. Maxilla 1, outer lobe with 13 robust

apical spine-like setae and 1 seta, 1 subter-

minal plumose seta and 1 plumose seta

along distal shaft, lateral margins with set-

ules and minute comb spines; inner lobe

with 5 stout plumose setae. Maxilla 2 with

rows of setae on apical margins, unremark-

able. Maxilliped with rows of stout plumose

setae and 6 retinacula.

Pereopod 1, propodus about 2.8 X as long

as wide, palmar margin straight, with 8

spine-like setae, dactyl flexor margin with

accessory unguis and 9 spine-like setae.

Some pereopods missing or detached from

holotype, but dactyls apparently all with ac-

cessory unguis.

Pleopod 1 longer than pleopod 2; proto-

pod with 3 retinacula surrounded by minute

comb spines; endopod subrectangular,

about 2X length of protopod, setae of de-

creasing length along concave lateral mar-

gin, with 8 plumose setae along distolateral

margin. Pleopod 2 protopod slightly longer

than wide, mesial surface with numerous

rows of minute comb spines; exopod prox-

imal segment with 3 lateral plumose setae,

distal segment with 20 plumose setae along

margins, catch lobe present; endopod, dig-

itiform basal spur present, mostly obscured

in dorsal view; endopod produced into a ta-

pering cylindrical process, curving distola-

terally; endopodial groove prominent, tra-

versing over half of endopod; labial spur

originating from endopodial groove, ex-

tending along axis of groove; cannula ex-

tending into a robust, tapering stylet. Pleo-

pod 3 exopod with 8 small, non-plumose

setae along distal margin. Pleopod 4 exopod

with 1 proximolateral seta and brush border
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Fig. 4. Columbasellus acheron, holotype male, a, pleopod 1; b, pleopod 2; c, same, endopod tip; d, pleopod

3; e, pleopod 4; f, pleopod 5.

of setules, transverse suture present. Pleo-

pod 5 endopod and exopod subequal.

Uropods cylindrical, linear, about 0.6X
body length, 2.3 X length of pleotelson; pro-

topod about 0.7 X length of endopod, en-

dopod 1.9X length of exopod.

Vernacular name.—Columbia ground-

water isopod.

Range.—This species is known only

from the Kalama River at Kalama, in south-

western Washington, just above its conflu-

ence with the Columbia River, approxi-

mately 55 km NNW of Portland, Oregon
(Fig. 1).

Notes on ecology.—The well from which

Columbasellus acheron emerged consists of

a large diameter concrete caisson that ex-

tends approximately 8 meters below grade.

with three perforated lateral pipes that ex-

tend horizontally approximately 5 meters

below the bottom of the Kalama River. The

isopods surfaced following superchlorina-

tion and high pressure scouring of the lat-

eral pipes. Most of the isopods settled to

the bottom of the caisson and were later

removed during vacuuming of the well by

the contractor hired to conduct the cleaning.

Although no additional isopods have been

noted, the well is likely a window into the

hyporheic habitat. Techniques that penetrate

this environment (Pospisil 1992), e.g., Kar-

aman-Chappuis for shallow stream gravel

interstices or Bou-Rouch sampling of deep-

er gravels with pump wells, should allow

access to the isopods. It is likely that other

subterranean invertebrates (amphipods.
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bathynellids, etc.) occur with Columbasel-

lus acheron and await discovery.

Salmasellus howarthi Lewis, 2001

Material examined.—Oregon: Tillamook

Co., Kilchis River drainage, Tilden Creek,

27 Sep 1998, 1 juvenile male.

This species was previously known only

from two lava tube cave streams in south-

western Washington. This record extends

the range approximately 100 km to the

west.

Asellid species

Material examined.—Oregon: Clatsop

Co., Sheewash Creek, 24 Aug 1994; Curry

Co., Quail Prairie Creek near mouth, Oct

1992; Josephine Co., Howard Creek at

mouth, 12 Oct 1997; Jackson Co., Crooked

Creek, 13 Oct 1997; Lane Co., Cedar

Creek, 25 Sep 1999; Tillamook Co., Clear

Creek at mouth, 29 Sep 1998; East Foley

Creek at river mile 2.5, 31 Aug 1994; Fall

Creek, 29 Aug 1996; tributary to North

Fork Kilchis River, 28 Sep 1997; Tiiden

Creek, 27 Sep 1998; Union Co., Limber

Jim Creek at USFS Road 100, 20 Sep 1994;

Wallowa Co., Chesnimnus Creek, 28 Aug
1991; Grouse Creek, 25 Aug 1992; Lick

Creek, Aug 1992.—Washington: King Co.,

Lower Rock Creek, 15 Aug 1997; same lo-

cality, 1 Oct 1998.

This material consists of unidentifiable

juveniles and females of subterranean spe-

cies collected from stream gravels and pre-

sumably represents populations of Calasel-

lus, Salmasellus or Columbasellus. The col-

lection data are mapped to further illustrate

the occurrence of subterranean asellids in

the streams of Oregon and Washington

(Fig. 1).
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Abstract.—A new species of Bahadzia is described from an anchialine cave

on the southern coast of Cuba. Bahadzia patilarga is the second species of the

genus to be described from Cuba. Both Cuban species have eye spots and are

found with remipeds and thermosbaenaceans at or near the halocline.

Since the initial description of the genus

Bahadzia by Holsinger (in Holsinger & Ya-

ger 1985) on the basis of two stygobitic

species from anchialine caves in the Baha-

mas and Turks and Caicos, seven more spe-

cies have been described. These species are

found in the Bahamas, Turks and Caicos,

Cuba, Hispaniola and on the Yucatan Pen-

insula. To date, the only species of Bahad-

zia described from Cuba is B. yagerae (Or-

tiz & Perez 1995). The present paper de-

scribes a second species of Bahadzia from

the southern coast of Cuba. Although both

this new species and B. yagerae exist in

caves approximately 17 km apart, and both

have eye spots, they are otherwise morpho-

logically distinct. The following description

raises the number of species in the genus to

ten.

Systematics

Family Hadziidae Karaman, 1943

Genus Bahadzia Holsinger, 1985 (in

Holsinger & Yager, 1985)

Bahadzia patilarga, n. sp.

(Figs. 1-4)

Material examined.—CUBA. Metanzas

Province: Cueva de los Carboneros, Playa

Giron, holotype $ (4 mm), A. Perez, 11

June 1998; 2 paratypes ($ and juvenile), J.

Yager, 14 September, 1992, and 2 paratypes

{S and 9), J. Bozanic, 15 September 1992.

The holotype is deposited in the crusta-

cean collection of the Center of Marine Re-

search, University of Havana, Cuba (No.

178). The paratypes are in the collection of

John R. Holsinger (H-3242, H-3249).

Diagnosis.—Small to medium sized sty-

gobitic species easily distinguished from

other members of the genus except Bahad-

zia yagerae Ortiz and Perez 1995 by having

a tiny, round, pigmentless eye, but differing

from B. yagerae by having proportionately

longer pereopods 6 and 7. Further distin-

guished from all other species within the

genus by possessing a much shorter row of

setae on the extreme inner margin of the

inner plate of maxilla 2 and fewer setae on

anterior margin of the propod of gnathopod

2 of the female. Largest male 6.0 mm; larg-

est female 6.5 mm.
Female.—Head with tiny round, pig-

mentless eye or eye spot. Antenna 1 ap-

proximately 40% longer than body and 2.25

times longer than antenna 2; primary fla-

gellum with up to 39 segments, accessory

flagellum 3-segmented, subequal in length
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Fig. 1. Bahadzia potilarga, n. sp.. paratypes from Cueva de los Carboneros. Playa Giron. Cuba. Juvenile

(2.5 mm): A. head region with eyespot. Female (6.5 mm): B, left mandible; C, incisor and lacinia mobilis of

right mandible F, maxilla 2; G, maxilliped. Male (6.0 mm): D, maxilla 1; E, palp of other maxilla; H, telson; I,

lower lip.
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to the first 3 primary flagellar segments; pe-

duncular segments becoming progressively

shorter distally. Antenna 2: flagellum with

up to 14 segments; peduncular segment 4

approximately 15% longer than segment 5.

Mandible: molar well developed; spine row

with 2 modified tooth-like spines distally

and about 10 weakly serrate spines; lacinia

mobilis of left mandible 4 dentate, that of

right 3 dentate and smaller; incisor of left

mandible 5 dentate, that of right 4 dentate

and narrower; palp segment 3 as long as

combined lengths of 1 and 2, bearing 1 long

A seta, long row of approximately 13 D
setae and 3-4 apical E setae. Lower lip:

inner lobes distinct; lateral processes short,

rounded apically. Maxilla 1: inner plate

with 15 short, lightly plumose setae; outer

plate bearing 9 pectinate spines; left and

right palps similar, expanded and rounded

distally, broad apex with 1 1 bladespines

and single short, naked setae. Maxilla 2: in-

ner plate narrowing distally, with row of ap-

proximately 45 naked submarginal facial

setae and row of approximately 5 thicker

setae located distally on extreme inner mar-

gin. Maxilliped: apex of inner plate even,

armed on inner half with 4-5 short spines

and a few short setae, inner margin with

row of 10 weakly plumose setae; outer plate

broader than inner with row of naked setae

on inner margin and distally; palp segment

3 pubescent distally, distral inner margin of

segment 3 slightly lobate; palp segment 4

almost as long as segment 3, nail small and

spine-like.

Gnathopod 1: propod subrectangular

about twice as long as broad, posterior mar-

gin heavily setose distally, palm short,

transverse but lobate at defining angle and

bearing 3 spines on lobe; carpus approxi-

mately 2 times as long as propod, bearing

several clusters of long setae toward distal

end; merus weakly lobiform and pubescent;

basis with 7 long setae on posterior margin;

coxa long and deep with about 9 short setae

and 3 short spines. Gnathopod 2: propod

subrectangular, palm short, oblique bearing

short setae and 3 long setae at defining an-

gle, posterior margin with 4 sets of long

setae, anterior margin with a few setae, not

in clusters; carpus approximately 28% lon-

ger than propod, posterior margin with 9

clusters of long setae; basis with 5 long se-

tae; coxa deeper than broad, margin with

about 6 setae and 4 short spines. Pereopod

3: coxa relatively small, deeper than broad,

margin with 3 short setae. Pereopod 4: coxa

broadly expanded distally and excavate

posteriorly, margin with 13 short setae. Pe-

reopod 6 approximately 5% longer than

body, approximately 7% longer than pereo-

pod 7 and 90% longer than pereopod 5. Pe-

reopods 5-7: basis relatively narrow, with

rather large, bluntly rounded distoposterior

lobes. Dactyl of pereopod 5 approximately

50% length of corresponding propod; dac-

tyls of pereopods 6 and 7 respectively, ap-

proximately 30% and 13% of correspond-

ing propods. Coxal gills on 2-6 subovate,

with short peduncle, vei;y large on pereo-

pods 2-4. Brood plates sublinear, small rel-

ative to gills.

Pleonal plates: posterior margins with 1

setule each, posterior corners small but dis-

tinct; ventral margin of plate 1 without

spines, plates 2 and 3 with 1 spine. Pleo-

pods normal, coupling spines rather long.

Uropod 1: inner ramus shorter than pedun-

cle, longer than outer ramus, bearing about

5 spines; peduncle with 12 spines, 1 of

which is basofacial in position. Uropod 2:

inner ramus approximately 15% longer than

peduncle, longer and broader than outer ra-

mus, armed with 13 spines; outer ramus

with about 6 spines; peduncle with 9 spines

4 of which form a comb row on dorsodistal

end. Uropod 3 approximately 23% length

of body; inner ramus slightly longer and

broader than outer ramus, margins with

short spines and plumose setae; outer ramus

with short terminal segment, inner margin

with plumose setae and a few spines, outer

margin with spines only; peduncle without

spines. Telson rather long and narrow, in

two separate lobes; lateral margins with

about 5 spines each, none in sets of two;

medial margins with 3-4 small spines each;
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Fig. 2. Bahadzia patilarga, n. sp., paratypes from Cueva de los Carboneros, Playa Giron. Cuba. Male (6.0

mm): A, B. C, pereopods 7. 5. 6. Female (6.5 mm): D. gnathopod 1; E, enlarged distal end of propod and dactyl

of gnathopod 1

.
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Fig. 3. Bahadzia patilarga, n. sp., paratype from Cueva de los Carboneros, Playa Giron, Cuba. Female (6.5

mm): A, B antennae 1,2; C gnathopod 2; D, enlarged distal end of propod and dactyl of gnathopod 2.
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Fig. 4. Bahadzia patilarga, n. sp., paratypes from Cueva de los Carboneros, Playa Giron. Cuba. Female (6.5

mm): A. uropod 1: B. uropod 2 (distomedial spine row enlarged): C. uropod 3: D. pleopod 1 (coupling spines

enlarged); E. pleonal plates. Male (6.0 mm): E G, pereopods 3, 4; H. propod and dactyl of gnathopod 2.
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apices with 1-2 short spines and 3 long,

distally plumose setae.

Male.—Differing from female as fol-

lows: maxilla 1 inner plate with 7 short,

weakly plumose setae; palp of maxilla 1

with 12 bladespines and without short na-

ked setae. Gnathopod 2: dactyl and propod

proportionately longer; propod palm long,

oblique with double row of about 9 blunt

tipped spines; defining angle with 3 long

setae; posterior margin longer than palm,

with 4 sets of setae. Distal margin of pe-

duncle of uropod 3 with 2 spines.

Etymology.—The word "patilarga" is

Spanish vernacular commonly used in Latin

American countries to describe legs that are

larger than normal. It is used here as a noun

in apposition alluding to the extremely long

pereopods 6 and 7 of the species.

Remarks.—Bahadzia patilarga was in-

formally referred to as "cubensis" in an ar-

ticle written for a general SCUBA diving

magazine and was not intended to be a for-

mal taxonomic publication. Therefore the

name "cubensis" is unavailable and invalid

and should not be considered a synonym or

nomen nudum.

Type-locality.—This species is known
only from the type-locality, Cueva de los

Carboneros.

Discussion

Bahadzia patilarga is recorded to date

from a single anchialine cave, Cueva de los

Carboneros, which is located in Playa Giron

on the southern coast of Cuba in Matanzas

Province. Playa Giron is commonly known
in America as the Bay of Pigs. Collection

of B. patilarga was made at or near the hal-

ocline, where it occurs sympatrically with

remiped and thermosbaenacean crusta-

ceans. This association with remipeds and

thermosbaenaceans and its specific micro-

habitat defined as being near or within the

halocline of anchialine caves is very com-

mon, although not ubiquitous, for this ge-

nus. Based on research in caves of the Yu-

catan Peninsula, Pohlman et al. (1997) not-

ed that these crustacean taxa might be uti-

lizing a chemoautotrophic energy source

existing near the halocline. They suggested

that a similar phenomenon may occur in an-

chialine caves throughout the Caribbean

and southern Atlantic, where organisms

such as Bahadzia exist. Pohlman et al.

(1997) noted a dramatic drop in oxygen

concentration precisely at the halocline,

where they surmised that chemoautotroph-

ism was occurring. Although no field data

are available for the oxygen concentration

at the halocline in the type locality for B.

patilarga, it is interesting to note that, as

with many (but not all) species of Bahad-

zia, B. patilarga has extremely large gills.

Enlarged gills may be an adaptation for liv-

ing in low oxygen environments.

Based on a track synthesis, Holsinger

(1989, 1992) predicted the occurrence of

Bahadzia in Cuba. The description of Ba-

hadzia patilarga above brings the number

of species so far discovered on the island

to two. Both species exist in single caves a

mere 17 km apart. Recent explorations by

one of us (TRS) resulted in the discovery

of a remiped crustacean in a cave on the

northern coast of Cuba, also in Matanzas

Province. Based on this discovery and the

fact that remipeds and Bahadzia are often

found living sympatrically, it is predicted

that additional populations of Bahadzia,

quite possibly representing new species,

will be found in caves on the northern coast

of Cuba.

Acknowledgments

We are grateful to Jeff Bozanic, Jill Ya-

ger and the Biokarst Association of Cuba
for assistance with collecting specimens,

and we thank Tamara Connolly for assis-

tance with preparation of the figures. This

study was supported in part by a PEET
(Partnerships for Enhancing Expertise in

Taxonomy) grant from the National Science

Foundation to JRH (DEB-9521752).



VOLUME 116, NUMBER 1 205

Literature Cited

Holsinger, J. R. 1989. Preliminary zoogeographic anal-

ysis of five groups of crustaceans from anchia-

line caves in the West Indian region. Proceed-

ings of 10th International Congress of Speleol-

ogy, 1:25-26.

Holsinger. J. R. 1992. Two new species of the subter-

ranean amphipod genus Bahadzia (Hadziidae)

from the Yucatan Peninsula region of southern

Mexico, with an analysis of phylogeny and bio-

geography of the genus.—Stygologia 7:85-105.

Holsinger, J. R., & J. Yager. 1985. A new genus and

two new species of subterranean amphipod

crustaceans (Hadziidae) from the Bahamas and

Turks and Caicos Islands.—Bijdragen tot de

Dierkunde 55:283-294.

Karaman, S. 1943. Die unterirdischen Amphipoden
Sudserbiens. Srpska Kral'evska Akademiia Po-

sebna Izdan'a, CXXXV Prirodn'achki i Mate-

matichki Spici, 34 (4) Okhridski Zbomik: 163-

312.

Ortiz, M. & A. Perez. 1995. Una Nueva Especie de

Anfipodo Cavernicola Hadzioideo (Amphipoda.

Gammaridea) de Cuba.—Graellsia 51:165-168.

Pohlman, J. W., T M. Iliffe, & L. A. Cifuentes. 1997.

A stable isotope study of organic cycling and

the ecology of an anchialine cave ecosystem.

—

Marine Ecology Progress Series 155:17-27.



PROCEEDINGS OF THE BIOLOGICAL SOCIETY OF WASHINGTON
116(1):206-214. 2003.

A new species of Cymbasoma (Crustacea: Copepoda: Monstrilloida)
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Abstract.—A new species of monstrilloid copepod belonging to the genus

Cymbasoma Thompson is described from a female specimen collected in Bahia

Culebra, an embayment on the Pacific coast of northwestern Costa Rica, in

Central America. The new taxon, C. concepcionae, n.sp., is part of a group of

species of Cymbasoma with a fifth leg represented by a single lobe armed with

three setae. An overall comparison of this morphological group is presented.

The new species is distinguished mainly by a combination of characters in-

cluding a short inner seta on the fifth leg, a slightly globous genital double

somite, and transverse cuticular striations nearly encircling the cephalic area.

Moreover, the species can be easily recognized by a distinctive cluster of round-

ed cuticular processes on the middle ventral margin of the fifth pedigerous

somite and on the anterior half of the genital double somite. The intercoxal

sclerite of the first swimming leg shows a peculiar ornamentation not previ-

ously described within the group. This is the first record of a monstrilloid

copepod species from marine waters of Costa Rica and of Central America,

and the fourth species of Cymbasoma recorded from the Eastern Tropical Pa-

cific.

Monstrilloid copepods are parasitic crus- Eastern Pacific (Suarez-Morales & Alvarez-

taceans known mainly by their planktonic, Silva2001). Suarez-Morales & Alvarez-Sil-

non-feeding adult stage. These usually rare va (2001) predicted that the regional list of

copepods are collected mainly in zooplank- Monstrilloida recorded for the Eastern

ton surveys of coastal-neritic systems at all Tropical Pacific would increase, most likely

latitudes. The order is represented currently from the coastal, near-shore environments

by over 100 nominal species contained in where monstrilloid copepods are more fre-

three valid genera: Monstrilla Dana, Mon- quently collected.

strillopsis Sars, and Cymbasoma Thompson As part of a survey of the coastal areas

(Huys & Boxshall 1991, Grygier 1994). along the northern Pacific coastline of Cos-

Cymbasoma is a diverse genus with more ta Rica, in Central America, zooplankton

than 40 nominal species; its species are dis- samples were collected in Bahia Culebra, a

tributed world-wide. Most of these species deep embayment that is part of the Gulf of

have been reported from either the Eastern Papagayo. A taxonomic analysis of the zoo-

Atlantic or the Far East (Razouls 1996). To plankton samples revealed the presence of

date three species, C californiense Suarez- an undescribed species of monstrilloid co-

Morales, 1999, C. rigidum Thompson, pepod belonging to the genus Cymbasoma,

1888, and C. tumorifrons Isaac, 1974, are which is described and illustrated here, fol-

known to occur in tropical waters of the lowing the current description standards set
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by Grygier & Ohtsuka (1995) for monstril-

loid copepods.

Systematics

Order Monstrilloida Sars, 1903

Family Monstrillidae Giesbrecht, 1892

Genus Cymbasoma Thompson, 1888

Cymbasoma concepcionaey new species

(Figs. 1-3)

Material examined.—Holotype: adult fe-

male from Bahia Culebra, Costa Rica, un-

dissected, ethanol-preserved. Date of col-

lection: 6 November 1999. Vial deposited

in the Collection of Zooplankton at El Col-

egio de la Frontera Sur (ECOSUR), in Che-

tumal, Mexico (ECOCH-Z-01211).

Etymology.—The new species honors

Mrs. Concepcion Morales, mother of the

first author (ES-M).

Type locality.—Bahia Culebra

(10°36'17.0"N, 85°39'36.6"W), northern

part of the Pacific coast of Costa Rica;

depth of collection: near surface.

Habitat.—Bahia Culebra is located with-

in the Gulf of Papagayo, in the northwest-

em part of the Pacific coast of Costa Rica.

It is a deep (35 m average depth), relatively

small (20 km^), semi-enclosed embayment.

Bahia Culebra is influenced by seasonal

variations of the coastal current flowing

northward off Costa Rica. Because of wind

influence, relatively intense coastal upwell-

ing has been reported in the area (Glynn et

al. 1983). The bay has a sandy bottom and

scattered patches of coral reef (Jimenez

1998). The mean sea surface temperature in

the area is 27.5°C.

Description.—Female: Total body length

of holotype: 1.5 mm measured from ante-

rior end of cephalothorax to posterior end

of anal somite. Cephalothorax measuring

0.95 mm, representing almost 61% of total

body length (Fig. lA, B). Oral papilla pro-

tuberant (Fig. IE), located ventrally a quar-

ter the length of cephalothorax (Fig. IB).

Pair of ocelli present, pigment cups joined

medially, well developed, weakly pigment-

ed in central portion, round in dorsal view

(Fig. lA, F). Cephalothorax with irregularly

arranged cuticular protuberances on "fore-

head" (Fig. lA, D); sensilla not observed

in this area. Longitudinal and oblique cutic-

ular ridges overlying part of region of ocelli

on dorsal surface; ridges stretch dorsally

and end in a transverse pattern (Fig. IF).

Two pairs of nipple-like processes on an-

terior ventral surface; anterior pair larger,

eccentrically conical in shape, small pair

regularly concentric (Fig. IC, D). Other

ventral cuticular ornamentation including

pair of mammiform processes on anterior

surface between bases of antennules (Fig.

ID) and wide zone of transverse ridges cov-

ering most of the surface between the oral

papilla and small nipples (Fig. lA, B, D,

E); dorsal and ventral transverse ridge

zones at same level, but discontinuous on

lateral surfaces.

Antennule length 0.25 mm, relatively

short, less than 14% of total body length,

and 22% as long as cephalothorax. Anten-

nules four-segmented, armed with O-I; 1-V;

2-1; 8-VIII setae (Arabic numerals) and

spines (Roman numerals) (Fig. 2D, E). In

terms of pattern described by Grygier and

Ohtsuka (1995) for female monstrilloid an-

tennular armature, setae (Roman numerals)

and spines (Arabic numerals), element 1

present on first segment; elements on sec-

ond segment: 2di, 2d2, 2vi, 2v2, 2V3, and

lid. Third segment with elements 3, Illd,

and IIIv. Segment four bearing element 4vi,

particularly well developed, asymmetrical,

longer on left antennule (Fig. 2D, E); ele-

ments 4di 2 and 4vi_3 present, poorly devel-

oped, setae IVd, IVv, Vd, Vv, and Vm pre-

sent. Element 5 absent. Subterminal ele-

ments bi_5 and 6aes, 61, and 62 present; 6aes

larger on left antennule. Aesthetasc 4aes

well developed, on ventral surface (Fig. 2D,

E).

First pedigerous somite, fused to cepha-

lothorax, and succeeding three free pedi-

gerous somites each bearing a pair of bi-

ramous swimming legs. Pedigerous somites

2-4, together accounting for 21% of total

length in dorsal view. Swimming legs 1-4
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Fig. 1. Cymbasoma concepcionae, new species, adult female, holotype from Bahia Culebra, Costa Rica. A.

habitus, dorsal; B. habitus, lateral; C. detail of ventral nipple-like processes; D. cephalic area showing ventral

cuticular processes; E. cephalic area, lateral view; F. cuticular ridges on dorsal surface posterior to ocelli; G.

distal ends of ovigerous spines, ventral.

Table 1.—Armature formula of swimming legs 1—4 of Cymbasoma concepcionae, new species. Symbols to

left of dash are lateral elements, symbols to right of dash are medial elements; semicolons represent arthrodial

membranes of rami; commas separate lateral, terminal, and medial elements on the distal segment of a ramus;

Roman numerals are thicker, rigid elements; Arabic numerals are thinner, flexible elements.

Coxa Basis Endopodite Exopodite

leg 1 0-0 1-0 0-1; 0-1; 1, 2, 2

leg 2 0-0 1-0 0-1; 0-1; 1, 2, 2

leg 3 0-0 1-0 0-1; 0-1; 1, 2, 2

leg 4 0-0 1-0 0-1; 0-1; 1, 2, 2

I-l; 0-1; I, I+l, 2

I-l; 0-1; I, I+l, 3

I-l; 0-1; I, I+l, 3

I-l; 0-1; I, I+l, 3
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Fig. 2. Cymbasoma concepcionae, new species, adult female, holotype from Bahia Culebra, Costa Rica. A.

urosome and fifth legs, ventral view; B. genital double somite and anal somite plus caudal rami, dorsal; C. fifth

pediger and anterior part of genital double somite, lateral; D. right antennule, dorsal; E. distal segment of left

antennule, ventral; F. third free pediger and urosome, lateral view, protoendopod of fourth legs shown, fifth legs

omitted to show ventral cuticular processes, caudal rami cut short.

slightly increasing in size posteriorly (Fig.

3A-D), but their intercoxal sclerites de-

crease in size posteriorly. Intercoxal sclerite

of leg 1 with pair of longitudinal semi-cy-

lindrical processes covered with short setae

and flanking hairy medial depression. Pos-

terior margin of this intercoxal sclerite flat

at middle, with rounded processes on each

side (see Fig. 3E). Intercoxal sclerites of

legs 2-4 rectangular, without ornamentation

on surface or on posterior margin (Fig. 3F).

Basis of legs articulating with large, rect-

angular coxa along diagonal arthrodial

membrane. Basis with hair-like lateral seta
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Table 2.—Comparison of selected taxonomic features in species of Cymbasoma with uriramous fifth leg armed

with three setae. GDS = anterior half genital of double somite globose; IS = inner seta of 5th leg smallest; IS

<50% = inner seta <50% as long as others; L = longest seta on leg 5; OP on CT = position of oral papilla

on cephalothorax; Al/CT = relative length (as a percent) of antennule to cephalothorax; = relative length (as

a percent) of position of oral papilla anteriorly on cephalothorax; T = transverse striations on "neck" area. Key

to species: (A) C. concepcionae, new species; (B) C. reticulatum Giesbrecht, 1892; (C) C. bowmani Suarez-

Morales, 1998; (D) C. quintanarooense (Suarez-Morales, 1994) (Suarez-Morales & Escamilla 2001); (E) C.

boxshalli (Suarez-Morales, 1993) (Suarez-Morales 20001a); (F) C. bali Desai & Krishnaswamy, 1962; (G) C.

frondipes Isaac, 1975; (H) C. striatum (Isaac, 1974) (Suarez-Morales 2000); (I) C. claparedi Giesbrecht, 1892;

(J) C. tumorifrons Isaac, 1975.

A B c D E F G H I J

GDS yes no no yes yes no no yes no yes

IS yes no yes no yes no yes yes no yes

IS <50% no no no no yes no no yes no no

L outer none none none outer middle none none none outer

OP on CT 23 20-25 15 28 18-20 17 7 18 14 25

Al/CT 22 27-30 23 32 22 27 21 33 29 31

OP/TL 43 89 42 47 42 41 7 34 49 36

T yes no no no no 7 7 yes no yes

on legs 1-4 (Fig. 3A-D); on leg 3, this seta

about 4.5 times longer, lightly setulated

from distal half, and slightly thicker than

those on the other legs (see Fig. 3C). En-

dopodites and exopodites of swimming legs

1—4 triarticulated. Ramal setae biserially

plumose except spiniform outer seta on ex-

opod 1 and 3, and inner seta of first exo-

podal segment, these latter being short and

sparsely setulated (Fig. 3A-D). Also, out-

ermost apical exopodal setae of swimming
legs 1-4 with inner margin naked, outer

margin lightly spinulose to tip (Fig. 3A-D).

Armature of swimming legs in Table 2.

Fifth legs separated at base, unsegment-

ed, each consisting of relatively large, lobe-

like expod (Fig. 2A); 3 setae present, outer

25% longer than terminal; inner seta nar-

rower and shorter, about 50% as long as

outer seta. All 3 setae with sparse, biserial

setules (Fig. 2A).

Urosome of 3 segments: fifth pedigerous

somite, genital double somite and free anal

somite. Fifth pedigerous somite with a

group of rounded protuberances along mid-

dle ventral margin between fifth legs lobes

(Fig. 2C, F). Genital double somite rela-

tively large, ratio of its length and anal so-

mite: 69.5:30.5 = 100; anterior half ex-

panded laterally, expansion visible in both

ventral (Fig. 2A) and dorsal (Fig. 2B)

views, with rounded protuberances along

lateral margins of expanded anterior half.

Anterior half of ventral surface of genital

double somite with similar protuberances as

those on fifth pedigerous somite anterior to

base of ovigerous spines. Ovigerous spines

paired, relatively long (0.65 mm), unbro-

ken, inserted in a protuberant base visible

in lateral view (Fig. 2F), separated at base,

equalling almost 43% of total body length;

adhering eggs covered by gelatinous sheath.

Tips of both spines separated from each

other, with slight but distinct subterminal

narrowing (Fig. IG).

Caudal rami subrectangular, widely di-

vergent, approximately 1.5 times longer

than wide, each bearing 3 well developed

setae, all of almost the same length (0.23-

0.30 mm) and width.

Male.—unknown.

Remarks.—The absence of a reliable way
to associate females with conspecific males

is one of the main problems with the tax-

onomy of the Monstrilloida, a result of the

complex life cycle of these parasitic cope-

pods (see Suarez-Morales 2001b). As is the

case of many other monstrilloids (see Sua-

rez-Morales 1993, Suarez-Morales & Dias

2001), C. concepcionae is known only from
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Fig. 3. Cymbasoma concepcionae, new species, adult female, holotype from Bahia Culebra, Costa Rica. A.

first swimming leg, anterior view, most swimming setae cut short; B. second leg, anterior view, ditto; C. third

swimming leg, anterior view, ditto; D. fourth swimming leg, anterior view, ditto; E. intercoxal sclerite, first

swimming legs; F. intercoxal sclerite, fourth swimming legs.
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the female, and from a single specimen, the

common case with monstrilloids (Suarez-

Morales and Palomares-Garcia 1995, Sua-

rez-Morales 2000).

The new species described here is placed

in the genus Cymbasoma because of the

presence of two urosomites, or only one

free somite posterior to the genital double

somite, in the female (Isaac 1975, Grygier

1994). Following the most widely used key

to the species of this genus (Isaac 1975),

and considering a non-striated cephalic seg-

ment option in the third couplet, the new
species would match (in part) the female of

either C. tumorifrons (Isaac, 1975) or C.

claparedi (Giesbrecht, 1892), both found in

the Eastern Atlantic. These two species also

are members of a group of Cymbasoma
with a single-lobed fifth leg armed with

three setae; the group includes C. striatum

(Isaac, 1974), C. frondipes Scott, 1904, C.

reticulatum (Giesbrecht, 1892), C. ball De-

sai and Krishnaswamy, 1962, C. bowmani
Suarez-Morales, 1998 (see Suarez-Morales

& Gasca 1998), C. boxshalli (Suarez-Mo-

rales, 1993), and C. quintanarooense (Sua-

rez-Morales, 1994).

The presence of rounded protuberances

on the ventral surface of the fifth pediger-

ous somite and genital double somite of

Cymbasoma concepcionae separates it from

all other members of this group. Cymba-
soma concepcionae shares with C. striatum,

C quintanarooense, and C tumorifrons ce-

phalic cuticular striations and a similar

structure and armature of the fifth legs. Al-

though C concepcionae and C. tumorifrons

are similar in the structure and armature of

fifth legs and transverse striations of the ce-

phalic area (see Table 2), they differ in the

body proportions, the shape of the cepha-

lothorax, the length of the ovigerous spines,

and the shape of the genital double somite,

which is strongly globose in C tumorifrons

(Table 2 and see Suarez-Morales and Al-

varez-Silva 2001). Other important differ-

ences include the respective cuticular or-

namentation patterns and the distinctive

ventral rounded processes present in the

urosome of the new species. The new spe-

cies can be distinguished from C quintan-

arooense by the ocelli which are very well-

developed and intensely pigmented in the

latter (see complementary description by

Suarez-Morales and Escamilla 2001) vs.

normally developed in C concepcionae.

The antennules are relatively longer in C
quintanarooense than in C concepcionae,

and the oral papilla is in a more posterior

position. The three setae of the fifth legs are

equal in length and breadth in C quintan-

arooense vs. a short innermost seta in the

new species (see Table 2).

Cymbasoma concepcionae differs from

C. striatum by the latter's peculiar cuticular

striation pattern covering almost half the

length of its cephalothorax, as redescribed

by Suarez-Morales (2000); a strongly glo-

bose shaped genital double somite vs. a

slightly expanded shape in the new species;

an oral papilla 18% along cephalic somite

in C. striatum vs. 23% in the new species;

"forehead" with medial protuberance

formed by several irregularly arranged

bumps; with a pair of sensillae in C. stria-

tum vs. lower cuticular protuberances and

no sensillae in the new species; ovigerous

spines closely set distally and with subter-

minal rounded protuberances in C. striatum

vs. distally separated spines with slight but

distinct subterminal narrowing in C con-

cepcionae; and an outer, apical exopodal

seta of swimming legs 1-4 with setules in

C. striatum vs. naked in the new species

(Suarez-Morales 2000).

Cymbasoma frondipes has a very long

cephalothorax (over 66% of the total body

length) and characteristically massive, short

antennules (see Isaac 1975). Cymbasoma
concepcionae differs from the remaining

species shown in Table 2 by a combination

of: an anteriorly weakly globose genital

double somite; the inner seta of fifth leg

shortest and outer seta longest; and trans-

verse striations around the "neck" area.

The taxonomic value of the morphology of

the intercoxal sclerites has not been com-

pared among these monstrilloids, although



VOLUME 116, NUMBER 1 213

recent descriptions suggest a certain degree

of ornamentation (Suarez-Morales and Dias

2001). The contours and setation of the first

intercoxal sclerite in C concepcionae is def-

initely the most complex pattern known for

species in the group.

Cymbasoma concepcionae is the fourth

confirmed species of the genus from waters

of the Eastern Tropical Pacific (Suarez-Mo-

rales and Alvarez-Silva 2001). This also is

the first record of a monstrilloid species in

Costa Rica or along the Pacific coast of

Central America. More records are to be ex-

pected from further examination of the zoo-

plankton samples available from the region.
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Description of subadult Pallisentis (Pallisentis) rexus

(Acanthocephala: Quadrigyridae) from the vertebrate intermediate

host in Thailand with an examination of the species identity
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(OMA) Institute of Parasitic Diseases, P.O. Box 28372, Tempe, Arizona 85285, USA;
(HT) Zoologische Inst. Abt., Okologie, Univ. Karlsruhe,

Kaiserstrasse 12, 76128 Karlsruhe, Germany

Abstract.—Subadults (considerably developed immatures) of the quadrigyrid

acanthocephalan Pallisentis rexus Wongkham & Whitfield, 1999 are described

from the swamp eel, Monopterus albus (Zieuw, 1793) in Thailand. The species

is placed in the subgenus Pallisentis. Our specimens are compared with adults

of the same species collected from the freshwater snakehead Ophicephalus

striata Bloch also from Thailand. Discrepancies from the original description

are noted, certain structures, e.g., proboscis hook roots and brain (cepahalic

ganglion), are re-interpreted, and additional information provided.

The genus Pallisentis Van Cleave, 1928

was revised, three subgenera were erected,

and a key to the valid species, and other

taxonomic information were provided by

Amin et al. (2000). About the same time,

Wongkham & Whitfield (1999) described

Pallisentis rexus from the freshwater snake-

head, Ophicephalus striata Bloch, from the

Chiang Mai Basin in Thailand. More re-

cently, we have collected subadults of P.

rexus from the swamp eel, Monopterus al-

bus (Zieuw, 1793) from Bangkok, Thai-

land. Our specimens and type material ex-

amined by us shed considerably more light

on the morphology and status of P. rexus

which the present study reports in a com-
parative context.

Materials and Methods

Ten 40-80 cm long swamp eels, M. al-

bus, were examined for parasites on 20

March 2001. The fish, obtained from a fish

market in Bangkok, Thailand, had been col-

lected from local streams. The 10 fish were

infected with a total of 257 (range 5-74 per

fish) ovoid whitish nodules in the body cav-

ity especially at the external surface of the

hind gut. The encapsulated worms were

mostly alive when liberated from their cysts

in fish physiological solution. Forty-two

worms (16 males, 26 females) were refrig-

erated in tap water overnight then fixed and

shipped in 5% formalin. They were subse-

quently transferred to 70% ethanol, stained

in Mayer's acid carmine overnight then

briefly destained, dehydrated in ascending

concentrations of ethanol, cleared in grad-

uated concentrations of terpineol in 100%
ethanol, and whole mounted in Canada bal-

sam.

Measurements are in jjim unless other-

wise stated. The range is followed by mean
values (in parentheses). Width measure-

ments refer to maximum width. Trunk

length does not include proboscis, neck, or

male bursa. The term subadults is used to

describe the highly developed immature

forms. They are practically identical to

adults; all males and females were distend-

ed with sperm and ovarian balls, respec-

tively. Specimens were deposited in the

United States National Parasite Collection

(USNPC) no. 91753. Beltsville, Maryland,

U.S.A. Seven adult paratypes (3 males, 4

females) from the British Museum of Nat-
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ural History (BMNH) (no. 1997.6.3.2-13)

were also studied.

Results and Discussion

It is important to note that all character-

istics of our P. (P.) rexus subadults listed

in Table 1 and illustrated in Figures 1-3

match those observed in the adult paratypes

borrowed from BMNH. The anatomy of the

subadults is generally similar to that of the

adults as described by Wongkham & Whit-

field (1999). However, misinterpretations

and omissions exist in the original descrip-

tion which otherwise was adequate. The
quality of staining of paratypes produced

faded and often indistinguishable structures,

e.g., proboscis hook roots and cephalic gan-

glia, which readily explains Wongkham &
Whitfield's (1999) version of worm anato-

my. We shall report these discrepancies in

the following section in an attempt to pro-

vide an accurate and complete description

of the species.

Pallisentis rexus is placed in the subge-

nus Pallisentis according to Amin et al.

(2000) because the proboscis hooks gradu-

ally decline in size posteriorly and the ce-

ment glands are long and with many giant

nuclei.

Qualitative and quantitive traits of P. (P. )

rexus subadults are provided and compared

with those of adults, when available (Table

1). Measurements of subadults largely fell

within the range of those reported for adults

by Wongkham & Whitfield (1999). On the

average, subadults, especially females, were

relatively smaller than adults in only one

character, trunk length. However, mean size

of proboscis, proboscis hooks, proboscis re-

ceptacle, and lemnisci were somewhat
greater in subadults than in adults. This ob-

servation is attributed to two factors: the

apparent precocious state of development of

subadult P. (P.) rexus (with sperm and

ovarian balls) in their vertebrate interme-

diate host M. albus; this phenomenon has

been observed in other acanthocephalans

(Amin 1982); and the early development of

attachment organs to ensure establishment

of new recruits in the gut of the definitive

host (see Amin 1986, 1987 for other ex-

amples).

Omissions in the original description in-

clude accounts of the giant nuclei of the

hypodermis, lemnisci, and proboscis/neck,

as well as some details of the male repro-

ductive system and hook and spine inser-

tion. We noted that one dorsal and one ven-

tral elongate giant hypodermal nuclei were

normally present. They were rarely absent

on either side. Two similarly elongate giant

nuclei were also noted within the proboscis

retractor muscles in the proboscis/neck

area. These nuclei are rarely reported in the

genus Pallisentis but have been recently ob-

served in Pallisentis (Brevitritospinus) viet-

namensis Amin, Heckmann, Ha, Luc &
Doanh, 2000. Each lemniscus had one large

oval giant nucleus located at the level of the

posterior half of the proboscis receptacle.

Wongkham & Whitfield (1999) made no

reference to the two large nuclei in the wall

of Saefftigen's pouch which was properly

described posterior to the cement reservoir

(Fig. IB) but not "at the posterior margin

of cement gland" as stated in the Abstract

(Wongkham & Whitfield 1999). No refer-

ence was made to the prominent sperm duct

which ran parallel to the cement gland or

the large common sperm duct which ran

parallel to and overlapped Saefftigen's

pouch and the posterior half of the cement

reservoir. Proboscis hooks had variably el-

evated cuticular rims that were often prom-

inent and body spines consistently had dis-

tinct cone-shaped cuticular sleeves that left

only spine tips naked.

Misinterpretation in the original descrip-

tion includes accounts of the proboscis

hook roots, brain (cephalic ganglion), collar

and trunk spines, and position of the female

gonopore. Each of these characteristics has

important taxonomic significance that can

not be overlooked. Three aspects of pro-

boscis hook roots need to be addressed. All

hook roots extend laterally for a short dis-

tance then loop back posteriorly in a direc-
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Figs. 1-3. Diagnostic features of Pallisentis (P.) rexus. 1. One row of proboscis hooks and roots of female.

2. Posterior part of female proboscis receptacle showing triangular brain (cephalic ganglion) and ventro-lateral

nerve cord passage through indented part of proboscis receptacle. 3. Posterior end of female showing slightly

subterminal position (near terminal on ventral site) of gonopore. Scale bars =100 [xm.

tion paralleling that of the blade thus form-

ing an inverted U-shaped structure (Fig. 1).

In the original description, the angle be-

tween hook and root was shown to be about

120-140° inaccurately creating an inverted

open V-shaped blade-root complex (Fig.

2A). Roots were only slightly shorter than

blades in all circles with a ratio of 1 : 1 .0-

1.2, 1:1.4-1.5, 1:1.3-1.4, and 1:1.1-1.2

from anterior (Fig. 1). In the original de-

scription, roots were shown to be consid-

erably shorter than blades in all circles with

an unrepresentative ratio of 1:2, 1:2, 1:2,

and 1:3 from anterior (Fig. 2A). In the same

figure, Wongkham & Whitfield (1999)

show the roots to be simple and with round-

ed corners. Actually, the roots do not have

rounded corners and are not all simple.

Hook roots in the second circle have con-

spicuously long anteriorly directed manu-

bria and those in the third circle have prom-

inent but shorter anteriorly directed manu-

bria (Fig. 1 ).

The brain was not mentioned in the orig-
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inal description but was drawn as an oval

structure at the center of posterior part of

the proboscis receptacle (Fig. lA). Clearly

this is a misinterpretation of the lemniscal

giant nucleus which usually overlaps the

proboscis receptacle in the same location.

The brain is actually triangular in shape and

is situated near the posterior part of the pro-

boscis receptacle on the ventral side where

the passage of the ventro-lateral nerve cre-

ates an indentation in its wall. No corre-

sponding dorso-lateral nerve was observed.

Only two other major nerves are evident,

the anterior median and posterior median

nerves (Fig. 2).

Collar and trunk spines were longest in

the middle of the trunk then decreased in

size towards both extremities. In males, an-

terior collar spines were 20-28 (23) long

increasing to 20-28 (26) long in posterior

most circle and anterior trunk spines were

20-30 (26) long decreasing to 20-25 (23)

long in posteriormost circles. Correspond-

ing measurements in females are 20-29

(22), 25-30 (28), 25-31 (28), and 18-27

(21), in the same order. All collar and trunk

spines have cuticular cone-shaped sleeves

encircling the whole spines except for their

distal tip. The morphology of spines is re-

vised as follows. Collar spines triangular,

broadest at base, split longitudinally, fused

at tips but separated into 2 or 3 branches

anteriorly. Trunk spines are also triangular

in shape but are split only posteriorly.

Some measurements in the original de-

scriptions (Table 1) relating to some organs

are questioned: maximum length of probos-

cis receptacle in males; minimum length of

long and short lemnisci in males; minimum
length of collar spines in males; minimum
trunk width in females (at widest point);

minimum proboscis width in both males

and females; See Table 1 for details. One
of these proboscis measurements is in error

since the proboscis is consistently markedly

wider than long.

The position of the female gonopore was

described as "slightly subterminal" but il-

lustrated in Fig. IC of Wongkham & Whit-

field (1999) in a completely ventral position

some distance anterior to the posterior tip

of the trunk. In our subadults, it was slight-

ly subterminal (Fig. 3). In paratypes, it was
in the same position as observed in our

specimens and not as illustrated in Fig. IC
of Wongkham & Whitfield (1999).

Conclusions

The taxonomic implications of inadequa-

cies in the original description of P. (P.)

rexus are noted. The description of that spe-

cies as revised in the present report is con-

sidered accurate and complete. It increases

the number of species of the genus to 30.

Twenty-six valid species were reviewed and

keyed by Amin et al. (2000). The remaining

three species are Pallisentis chongqingensis

Liu & Zhang, 1993, P. fotedari Gupta &
Sinha, 1991, and P. jagani Koul, Raina,

Bambroo & Koul, 1991. The first of these

three species belongs in the subgenus Pal-

lisentis Van Cleave, 1928 and the latter two

in the subgenus Brevitritospinus Amin,

Heckmann, Ha, Luc & Doanh, 2000 ac-

cording to Amin et al. (2000).

While Wongkham & Whitfield (1999)

were correct in stating that the "invariable

12 proboscis hooks per circle ... is the pri-

mary basis for considering the acantho-

cephalan under study as a new species," we
add two other unique characteristics that

distinguish P. (P.) rexus from all other spe-

cies of the genus. These are the unique

shape and location of the brain and the split

nature of collar and trunk spines. The anat-

omy of proboscis hook roots is also unusual

for the genus Pallisentis and represents an

important distinguishing characteristic.
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(Octocorallia: Gorgonacea)

Frederick M. Bayer and Stephen D. Cairns

Department of Systematic Biology, National Museum of Natural History, Smithsonian Institution,

P.O. Box 37012, Washington, D.C. 20013-7012, U.S.A.

Abstract.—A new genus of the family Coralliidae is established for seven

species having longitudinally grooved axes and autozooids seated in distinctive

axial pits with beaded margins.

During the preparation of a projected re-

view of the family Coralliidae it became

clear that the species currently assigned to

the single genus Corallium Cuvier can be

grouped in two morphological categories,

(1) those having the autozooids seated in

deep axial pits with margins conspicuously

beaded especially near the tips of twigs, and

(2) those without axial pits beneath the au-

tozooids, although a depression without

beaded margins may be present as in C.

rubrum.

As constituted at the present time, the oc-

tocoral family Coralliidae consists of a sin-

gle genus, Corallium Cuvier, 1797. Gray

(1867) assigned the three species then

known to three genera: Corallium Cuvier,

1797 for C. rubrum (Linnaeus, 1758); Pleu-

rocorallium Gray, 1867 for C secundum

Dana, 1846; and Hemicorallium Gray, 1867

for Corallium johnsoni Gray, 1 860. Ridley

(1882:222) reviewed this arrangement and

rejected Hemicorallium as a synonym of

Pleurocorallium. Kiikenthal (1924:47) con-

sidered both genera to be synonyms of Cor-

allium.

Kukenthal (1924:47, 52) accepted the ge-

nus Pleurocoralloides Moroff 1902 from

Japan, which was accepted also by Bayer

(1956:70; later with reservations, 1964:

466). The original illustrations of Pleuro-

coralloides formosum and P. confusum, es-

tablished by Moroff (1902:405, pi. 17, fig.

10, pi. 18, fig. 20; 404, pi. 17, fig. 8, pi. 18,

fig. 19), clearly show that both species, as

well as the genus Pleurocoralloides, can be

referred to the family Melithaeidae. Al-

though Moroff did not mention axial nodes

and internodes, such features are suggested

in the photograph of P. confusum on his

plate 17, fig. 8. Moreover, the sclerites of

both species as drawn are strongly sugges-

tive of Acabaria. The polyps of Pleurocor-

allium confusum were said to have a fully

retractile upper part and a low, projecting,

wart-like calicular part; those of Pleurocor-

alloides formosum consisted of tentacular

and projecting calicular parts with spindles

forming triangular teeth projecting above

the calyx margin. These characters do not

occur in any coralliid, but are consistent

with melithaeids. Consequently, Pleurocor-

allium sensu Moroff, 1902 (not Gray, 1867)

becomes a probable synonym of Acabaria

Gray, 1859. The correct identification of

both species remains to be determined.

Seven species of Corallium share a skel-

etal character setting them unambiguously

apart from all other species of the genus:

the hard axis beneath each autozooid is

marked by a distinct pit with a prominently

beaded rim (Fig. 1), so there is no condition

intermediate between axes with beaded pits

and those without beaded pits. There is no

ambiguity whatever about placing species

in one group or the other, making the ge-

nus-group taxa within the Coralliidae more
distinctive than many that are accepted in

other families without question. The diag-

nostic character of the beading rim is also
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Fig. 1. Two stereo pairs illustrating the deep autozooid pits that are surrounded by beaded margins, and

longitudinal grooves on the axis: Upper pair: Paracorallium thrinax, paratype, USNM 9651 1 (SEM 1331); lower

pair: Paracorallium nix, part of holotype, SEM stub 1334. Both figures X20.
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illustrated for the species B. tortuosum by

Bayer (1956: figs. 5b, 6c; 1993, pi. 16), for

C. thrinax by Bayer (1996: figs. 2-3), and

for C. nix by Bayer (1996: fig. 8).

Removal of the seven species from the

genus, results in 19 species remaining in

Corallium: C. abyssale Bayer, 1956 (Ha-

waii); C. borneense Bayer, 1950 (Borneo);

C. ducale Bayer, 1955 (e. Pacific Mexico);

C elatius Ridley, 1882 (Mauritius and Ja-

pan); C. halmaheirense Hickson, 1907 (In-

donesia); C. imperiale Bayer, 1955 (e. Pa-

cific Mexico); C. johnsoni Gray, 1860

(northeast Atlantic); C. kishinouyei Bayer,

1996 (e. Pacific); C konjoi Kishinouye,

1903 (Japan); C laanense Bayer, 1956 (Ha-

waii); C. maderense Johnson, 1898 (e. At-

lantic); C. medea Bayer, 1964 (w. Atlantic);

C niobe Bayer, 1964 (w. Atlantic); C. re-

gale Bayer, 1956 (Hawaii); C. reginae

Hickson, 1905 (Indonesia); C. rubrum (Lin-

naeus, 1758) e. Atlantic; C. secundum

Dana, 1846 (Hawaii); C. sulcatum Kishin-

ouye, 1903 (Japan); and C tricolor John-

son, 1898 (e. Atlantic).

Paracorallium, new genus

Type species.—Corallium tortuosum

Bayer 1956.

Seven species of Corallium characterized

by axial pits with beaded rims are here rec-

ognized as members of a new genus mor-

phologically distinct from Corallium, here

called Paracorallium: P. stylasteroides

(Ridley, 1882), P. japonicum (Kishinouye,

1903), P. inutile (Kishinouye, 1903), P. sal-

omonense (Thomson & Mackinnon, 1910),

P. tortuosum (Bayer, 1956), P. thrinax

(Bayer & Stefani in Bayer, 1996), and P.

nix (Bayer, 1996).

Diagnosis.-Cor^iWiiddiQ with autozooids

seated in deep pits in the solid axis, pits

with prominently beaded margins especial-

ly near branch tips; axis with strong longi-

tudinal grooves. Sclerites including crosses,

6- and 8-radiate capstans that may be more
or less asymmetrically developed, forming

double clubs in some species. Long spin-

dles have not been found in the autozooids

of any species of Paracorallium, but oth-

erwise the range of sclerites is the same as

in species of Corallium.

Etymology.—Para, from Greek para =

near + Corallium, from Greek korallion =

coral. Neuter noun.

Distribution.—Indo-west Pacific, from

Hawaii west to Japan and south to New Ca-

ledonia in the Pacific, and west to Mauritius

and the Chagos Archipelago in the Indian

Ocean. At moderate depths, all known re-

cords between 136 and 273 m.

In the following summary of nominal

species at present referable to Paracoral-

lium, the species are arranged according to

their significant morphological characters.

I.—Species with smooth double clubs

(double carafes, operaglasses) predominat-

ing in the coenenchymal sclerites, which

also include 6-radiates, sometimes 7-radi-

ates, and crosses; stubby rods in anthoco-

diae.

A.—Colonies branched on all sides, of-

ten anastomosing, major stems tend to re-

main in one plane, reaching a height of 12

cm. Cortex light red, axis white with pink

tints.

Paracorallium inutile (Kishinouye, 1903),

new combination

Corallium inutile Kishinouye, 1903:626;

1904:28, pi. 5, figs. 1, 2; pi. 7, fig. 7; pi.

9, fig. 18 (in Japanese); 1905:27, pi. 5,

figs. 1, 2; pi. 7, fig. 7; pi. 9, fig. 18 (in

English).

Distribution.—Japan: Shikoku, Kashi-

wajima, Tosa, 100-150 m.

B.—Colonies branched dichotomously,

in one plane, reaching a height of 6 cm.

Cortex white, axis white.

Paracorallium thrinax (Bayer & Stefani

in Bayer 1996), new combination

Corallium thrinax Bayer & Stefani in Bayer

1996:206, figs. 1-6.
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Distribution.—New Caledonia, 23°06.50'S,

167°53.74'E, 240 m.

II.—Species with no smooth double

clubs in coenenchyme; predominant scler-

ites are 8-radiate forms but a few radiates

may be somewhat asymmetrical, 6- and 7-

radiates and crosses more or less abundant.

A.—Largest coenenchymal 8-radiates are

0.07 mm in length.

i.—Species with solid axis white.

a.—Cortex pale orange, calyces of auto-

zooids yellow; many 6- and 8-radiates

asymmetrical, tubercles of one side some-

what enlarged but not as smooth spheroids.

Paracorallium stylasteroides

(Ridley, 1882), new combination

Corallium stylasteroides Ridley, 1882:225,

pi. 9, figs. 1-4.—Bayer 1996:17, pi. 17.

Distribution.—Mauritius, 136 m.

b.—Cortex white, autozooids white; ra-

diates symmetrical.

Paracorallium nix (Bayer, 1996),

new combination

Corallium nix Bayer, 1996:213, figs. 7-10.

Distribution.—New Caledonia, 23°06.50'S,

167°53.74'E, 240 m.

ii.—Species with solid axis colored pink

or red.

a.—Axis dark red with white center, be-

coming paler distally, branch tips nearly

white. Colonies abundantly branched in one

plane, with small prickle-like twigs on front

and sides of branches; sclerites are 8-radi-

ates and crosses.

Paracorallium japonicum
(Kishinouye, 1903), new combination

Corallium japonicum Kishinouye, 1903:

623; 1904:22, pi. 1, figs. 1, 2; pi. 2; pi.

4, fig. 3; pi. 7, fig. 1; pi. 8, figs. 1-6 (in

Japanese); 1905:21, pi. 1, figs. 1, 2; pi.

2; pi. 4, fig. 3; pi. 7, fig. 1; pi. 8, figs. 1-

6 (in English).

Distribution.—Japan: Kiushu; off Tosa,

Shikoku, 100-150 m.

b.—Axis pale pink, becoming darker dis-

tally; cortex pink or salmon-colored, polyps

darker. Colonies branched irregularly in one

plane, twigs crooked and tortuous. Coenen-

chymal sclerites are 8-radiates and crosses;

anthocodiae with small rods and crosses.

Paracorallium tortuosum, (Bayer, 1956),

new combination

Corallium tortuosum Bayer, 1956:82, figs.

5b, 6c, 8e-g.

Corallium, salomonense tortuosum,.—Bayer,

1993:16, pis. 10, 14-16.

Distribution.—Hawaii: Pailolo Channel,

153-273 m.

B.—Largest coenenchymal radiates

reach a length of 0.1 mm or more. Fully

developed branching unknown; coenen-

chyme yellowish, anthocodiae orange, axis

presumably white or pale pink in color.

Paracorallium. salomonense (Thomson &
Mackinnon, 1910), new combination

Sympodium salomonense Thomson &
Mackinnon, 1910:168, pi. 12, figs. 11,

12; pi. 13, fig. 15a, b.

Corallium salomonense.—Bayer, 1993:14,

pis. 10-13.

Distribution.—Salomon, Chagos Archi-

pelago, Indian Ocean, 217-272 m.

Remarks

Authentic specimens of P. japonicum

and P. inutile received from K. Kishinouye,

and Ridley's slide of the sclerites of P. sty-

lasteroides were available for examination.

Other than P. tortuosum, which is repre-

sented by numerous specimens from five

stations made in the Hawaiian Islands by

the U.S. Fish Commission steamer Alba-

tross, no species of Paracorallium is rep-

resented by specimens from more than a

single locality. Consequently, nothing can

be said about possible individual and geo-
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graphical variation. All colonies of P. tor-

tuosum from Hawaii (see Bayer 1993: pi.

10, lower figures) are consistent in growth

form, and bear a strong resemblance to the

unique type specimen of P. stylasteroides

from Mauritius, now lost (see Ridley 1882:

pi. 9, fig. 1), but sclerites of Ridley's slide

(see Bayer 1993: pi. 17) are sufficiently dis-

tinct from those of P. tortuosum (see Bayer

1956:85, fig. 8e-g; 1993, pis. 14, 15) to jus-

tify specific separation. However, the scler-

ites of original material of P. salomonense

(see Bayer 1993: pis. 11-13, and compare

Thomson & Mackinnon 1910: pi. 13, fig.

15a, b) are morphologically so similar to

those of P. tortuosum that the latter was

treated as a geographical subspecies of P.

salomonense, in spite of the lack of fully

developed colonies of the latter. Further-

more, the growth form of P. nix from New
Caledonia resembles in some ways that of

P. tortuosum and P. stylasteroides, and the

sclerites of all three are generally similar.

Pending the discovery of additional speci-

mens, these nominal species are maintained

as distinct but might in future be treated as

a single variable species widely distributed

from Hawaii to New Caledonia in the Pa-

cific and Mauritius and the Chagos Archi-

pelago in the Indian Ocean.

Structure of the solid axis.—Investiga-

tions of Corallium rubrum (Linnaeus) by

Grillo et al. (1993), summarized by Alle-

mand (1993), definitively refuted the gen-

erally accepted theory of axis formation in

Corallium proposed by Lacaze-Duthiers

(1864), which also had been rejected by

Hickson (1907:2), who stated that "It is

clearly incorrect, from these [Hickson's]

observations, to describe the axis of the

Coralliidae as the 'result of spicules fused

together' " by cement substance. Hickson

held that "the evidence of comparative

anatomy suggests very forcibly that [the ce-

ment substance] is not formed by the activ-

ity of the scleroblasts but by a modification

of the chemical character of the meso-

gloea."

However, the theory of Lacaze-Duthiers

subsequently was accepted by authors as

late as Weinberg (1976:99, pi. 20; 1993:51,

fig. 11), who published scanning electron

micrographs of the axial surface showing

presumed sclerites embedded in the calcar-

eous mass.

Lawniczak (1987) presented evidence

that in C. johnsoni the axis is composed
initially of "fibrous" calcite crystals fol-

lowed by "lamellar" secondary thickening,

without participation of sclerites. On the

other hand, Grillo et al. showed that in C.

rubrum the axis is initially composed of

coenenchymal sclerites that form a core

subsequently overgrown by secondary

thickening consisting of sheets of rectilinear

calcite crystals produced by an axis epithe-

lium cytologically indistinguishable from

the multicellular scleroblasts that produce

the free mesogloeal sclerites. They "sug-

gest that the axis epithelium treats the in-

cipient skeleton as if it were the core of a

single sclerite" and that the scleroblasts are

a fragmented axis epithelium.

The discrepancy between the results of

Lawniczak's investigation of C. johnsoni

and those of Grillo et al. of C. rubrum led

the latter authors to conclude that "the fam-

ily Coralliidae may exhibit a broad spec-

trum of octocoral skeletal structures, in-

cluding those that are independent of scler-

ites [sic] formation ..." (1993:127). They

conclude that "... the further study of this

species [i.e., C. rubrum^ and other coralliids

has merit for both systematic s and the gen-

eral process of carbonate skeleton forma-

tion in marine invertebrates."

No fully formed sclerites more or less

completely incorporated in the axial mass

were found on the axial surface, as has been

observed in Corallium kishinoueyi (Bayer

1996: 218, figs. 16, 17), were seen in any

species of Paracorallium. The tubercles on

the axial surface at the summit of terminal

branches of P. thrinax and P. tortuosum re-

semble the tubercles of sclerites more close-

ly than axial protuberances. Roughly trans-

verse fractures of axis of P. inutile and P.

tortuosum exposed former surface features



VOLUME 116, NUMBER 1 227

but no morphological features that could be

interpreted unequivocally as parts of scler-

ites even at the center of the axis. Numer-

ous circular structures could as reasonably

be interpreted as fragments of axial protu-

berances as the broken ends of the primary

axis of sclerites. Consequently, it is proba-

ble that sclerites have an insignificant or

even nonexistent role in axis formation in

Paracorallium, possibly with scleroblasts

more integrated and functioning as a frag-

mented axis epithelium forming the axis as

if it were one large sclerite. The bulk of the

axial mass consists of fascicles of rectilin-

ear calcite crystal oriented in various direc-

tions and commonly appearing "cross bed-

ded."

Acknowledgments

This study was based upon examination

of specimens assembled over many years.

K. Kishinouye presented specimens used in

the preparation of his classic work on Jap-

anese precious corals. Material from Hawaii

was obtained by operations of the U.S. Fish

Commission steamer Albatross during the

Hawaiian cruise in 1902. Ridley's slide

preparation of sclerites of the holotype of

Corallium stylasteroides were provided by

the Natural History Museum, London.
Specimens from New Caledonia collected

during expeditions of MUSORSTOM were

made available by Alain Crosnier of the

Museum National d'Histoire Naturelle, Par-

is. Thomson & Mackinnon's type material

of Sympodium salomonense was made
available by the Natural History Museum,
London, and the Zoological Museum of

Cambridge University. Sincere appreciation

is expressed to all of those past and present

who provided this essential material for re-

search.

Literature Cited

Allemand, D. 1993. The biology and skeletogenesis of

the Mediterranean red coral, a review.—Pre-

cious Corals & Octocoral Research 2:19-39,

frontisp. 1; figs. 1-18.

Bayer, F. M. 1950. A new precious coral from North

Borneo.—Journal of the Washington Academy
of Sciences 40(2):59-61.

. 1955. Contributions to the nomenclature, sys-

tematics, and morphology of the Octocoral-

lia.—Proceedings of the United States National

Museum 105:207-220.

. 1956. Descriptions and redescriptions of the

Hawaiian octocorals collected by the U.S. Fish

Commission steamer "Albatross" (2. Gorgon-

acea: Scleraxonia).—Pacific Science 10(1):67-

95, 11 figs.

. 1964. The genus Corallium (Gorgonacea:

Scleraxonia) in the western North Atlantic

Ocean.—Bulletin of Marine Science of the Gulf

and Caribbean 14(3):465-478, figs. 1-7.

. 1993. Generic reassignment and affinities of

Sympodium salomonense Thomson & Mackin-

non (Coelenterata: Octocorallia).—Precious

Corals & Octocoral Research [Tokyo] 1:14-19,

pis. 10-17.

. 1996. Three new species of precious coral

(Anthozoa: Gorgonacea, genus Corallium) from

Pacific waters.—Proceedings of the Biological

Society of Washington 109(2):205-228, figs. 1-

19.

Cuvier, G. [1797]. Tableau elementaire de I'histoire na-

turelle des animaux. Paris, Baudouin. Pp. i-xvi

+ 1-710, pis. 1-14.

Dana, J. D. 1846. Zoophytes.—United States Explor-

ing Expedition during the years 1838, 1839,

1840, 1841, 1842, under the command of

Charles Wilkes, U.S.N. Vol. 7. i-vi + 1-740

pp., 45 text figs. Philadelphia: Lea and Blan-

chard. Atlas, Zoophytes. 61 pis., 1849.

Gray, J. E. 1859. Description of some new genera of

lithophytes or stony zoophytes.—Proceedings

of the Zoological Society of London 1859:479-

486.

. 1860. Description of a new coral {Corallium

johnsoni) from Madeira.—Proceedings of the

Zoological Society of London 1860:393-394,

pi. 18.

. 1867. Additional note on Corallium john-

soni.—Proceedings of the Zoological Society of

London 1867:125-127.

Grillo, M.-C, W. M. Goldberg, & D. Allemand. 1993.

Skeleton and sclerite formation in the precious

red coral Corallium rubrum.—Marine Biology

117:119-128, figs. 1-5.

Hickson, S. J. 1905. On a new species of Corallium

from Timor.—Proceedings, Koninklijke Aca-

demic van Wetenschappen, Amsterdam 8:268-

271.

. 1907. Die Alcyoniden der Siboga-Expedition

I. Coralliidae.—Siboga-Expeditie Monogr. 13c:

1-8, pi. \.

Johnson, J. Y. 1898. Short diagnoses of two new spe-



228 PROCEEDINGS OF THE BIOLOGICAL SOCIETY OF WASHINGTON

cies of Coralliidae from Madeira.—Annals and

Magazine of Natural History (7)2:421-422.

Kishinouye, K. 1903. Preliminary note on the Coral-

liidae of Japan.—Zoologischer Anzeiger

26(705):623-626. (27 July).

. 1904. Sango no kenkyu.—Suisan chosa ho-

koku 14(1): 1-31, pis. 1-9. (25 August).

. 1905. Notes on the natural history of corals.

—

Journal of the Imperial Fisheries Bureau 14(1):

1-32, pis. 1-9. (28 Jan 1905).

Kiikenthal, W. 1924. Gorgonaria.—Das Tierreich 47:

i-xxviii + 1-478, 209 figs. Berlin and Leipzig,

Walter de Gruyter & Co.

Lacaze-Duthiers, H. de. 1864. Histoire naturelle du

corail. Pp. i-xxv + 1-371, pis. 1-20. Paris, J.B.

Bailliere et Fils.

Lawniczak, A. 1987. Les modalites de croissance de

I'axe calcaire chez Corallium johnsoni (Cnidar-

ia: Gorgonaria: Scleraxonia).—Senckenbergi-

ana maritima 19(3/4): 149-161, ill.

Lirmaeus, C. 1758. Systema naturae. Editio decima,

reformata. 1. Pp. i-iv + 1-824. Holmiae: Im-

pensis Direct. Laurentii Salvii.

Moroff, T 1902. Studien iiber Octocorallien.—Zoolo-

gische Jahrbucher (Syst.) 17:363-410, pis. 14-

17.

Ridley, S. O. 1882. On the arrangement of the Coral-

liidae, with descriptions of new or rare spe-

cies.—Proceedings of the Zoological Society of

London 1882:221-233, pi. 9.

Thomson, J. A., & D. L. Mackinnon. 1910. Alcyonar-

ians collected on the Percy Sladen Trust Expe-

dition by Mr. J. Stanley Gardiner. Part 2, the

Stolonifera, Alcyonacea, Pseudaxonia, and Ste-

lechotokea.—Transactions of the Linnean So-

ciety of London (2) 13(2):165-21 1, pis. 6-14.

Weinberg, S. 1976. Revision of the common Octocor-

allia of the Mediterranean circalittoral. I. Gor-

gonacea.—Beaufortia 24(313):63-104, pis. 1-

20.

. 1993. II corallo rosso e la ricerca scientifica

nei secoli. Pp. 37-60 in F. Cicogna and R. Cat-

taneo-Vietti, eds., II corallo rosso in Mediter-

raneo: Arte, Storia e Scienza. Roma. Ministero

delle Risorse Agricole, Alimentarie Forestoli.



PROCEEDINGS OF THE BIOLOGICAL SOCIETY OF WASHINGTON
116(l):229-255. 2003.

New taxa and combinations of Ageratina from Ecuador, Colombia,

and Venezuela (Eupatorieae: Oxylobinae)
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Abstract.—Thirteen new species, one new combination, and one new forma

of Ageratina are validated, mostly from from Ecuador, some from Colombia

and Venezuela. The new taxa in subg. Ageratina are Ageratina adenophoroides,

A. campii, A. cumbensis, A. cumbensis f. glandulifera, A. ewanii, A. pariiceps,

A. pseudogracilis, A. rosei, A. serrulata, A. villonacoensis, and A. websteri,

with a new combination for A. rhodopappa f. glandularis. New species in subg.

Andinia are A. harlingii, A. maranonii, and A. regalis.

Efforts to complete the tribe Eupatorieae

for the Flora of Ecuador have necessitated a

review of species of Ageratina in and near

Ecuador. The result has been the recognition

of 26 species in Ecuador, including 17 of

subg. Ageratina and 9 of subg. Andinia. Ec-

uadorian species include the common A. pi-

chinchensis (H.B.K.) R.M.King & H.Rob.,

A. sodiroi (Hieron.) R.M.King & H.Rob.,

some primarily more northern species, such

as A. glyptophlebia (B.L.Rob.) R.M.King &
H.Rob, and A. tinifolia (H.B.K.) R.M.King

& H.Rob, and a specimen of the primarily

more southern species, A. glechonophylla

(Less.) R.M.King & H.Rob. One name that

has been used in previous studies now falls

into synonymy, A. exerto-venosa (Klatt)

R.M.King & H.Rob, proves to be the same

as A. fastigiata (H.B.K.) R.M.King &
H.Rob.

For useful references on Ageratina see

King and Robinson (1970, 1990) and Turn-

er (1997).

Ten of the new species are known from

Ecuador, Ageratina pseudogracilis only

from Venezuela and two species, A. ewanii

and A. serrulata only from Colombia. The
latter three species all have similar small

shrubby habits and glabrous to nearly gla-

brous achenes. The differences are dis-

cussed most completely under Ageratina

serrulata.

Measurements of heights of heads in the

following descriptions include involucres,

corollas, and pappus, but exclude emergent

styles.

Ageratina {Ageratina) adenophoroides

H.Rob., sp. nov.

Fig. 1

Type: Ecuador. Bolivar: Carretera Chil-

lanes—Tiquibuso, en restos de vegetacion

y sembrios en vegetacion de borde de car-

ratero, en el sector de San Jose de Guaya-

bal, Or55'S, 79°05'W, 2100 m, 3 Sep 1987,

Zak & Jaramillo 2701 (holotype US, iso-

type MO).
Ad A. adenophora in glandulis stipitatis

numerosis similis sed in laminis foliorum

apice acuminatis et in floribus e bracteis in-

volucri vix excedentibus differt.

Subshrub to 6 dm high, vegetative

branches not seen; stems brownish, terete,

densely covered with minute stipitate glan-

dular hairs; internodes 7-10 cm long.

Leaves opposite, petioles 1.0-2.5 cm long,

slightly broadened distally; blades membra-

naceous, broadly ovate, 5-8 cm long, 3-5

cm wide, base broadly obtuse to subtrun-

cate, acuminate at petiole, margins serrate

with 15-20 short teeth, apex abruptly acu-

minate, surfaces concolorous, dark dull

green, adaxial surface evenly pilosulous.
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densely puberulous on main veins, abaxial

surface pilosulous on larger veins, puberu-

lous on veinlets; (3-)5-plinervate from 1-

2 mm above base, with main secondary

veins spreading at ca. a 30° angle. Inflores-

cences terminal and from distal axils,

branches spreading at an angle of 40-45°,

covered with minute stipitate glands, end-

ing in rather dense broadly corymbiform

clusters of heads; peduncles 4-8 mm long.

Heads 5-6 mm high, involucral bracts ca.

15, mostly subequal, elliptical-lanceolate,

4.5-5.5 mm long, ca. 1 mm wide, with im-

mediate tips thinly membranaceous and

somewhat acute, mostly yellowish-green,

puberulous and narrowly bicostate outside.

Florets ca. 25—30 in a head; corollas whit-

ish, ca. 3.3 mm long, basal tube slender, ca.

1.5 mm long, distal part of throat and lobes

pilosulous, throat narrowly campanulate,

ca. 1 .5 mm long, lobes narrowly triangular,

ca. 0.4 mm long; anther thecae ca. 0.8 mm
long, white. Achenes 1.8-2.2 mm long, fu-

siform, with short setulae along ribs, many
short setulae clustered at carpopodium; car-

popodium annuliform; pappus whitish, of

ca. 20 capillary bristles ca. 3.5 mm long,

slightly but distinctly broadened distally.

Ageratina adenophoroides is known only

from the type collection from 2100 m ele-

vation in south-central Ecuador. The nu-

merous stipitate glands and the long peti-

oles broadened toward the blade are some-

what reminiscent of A. adenophora
(Spreng.) R.M.King & H.Rob, of Mexico

and Central America, which has become
weedy in Hawaii and Australia. The Ecua-

dorian species is easily distinguished by the

abruptly acuminate leaf tips and the florets

of the heads scarcely exceeding the invo-

lucral bracts. The carpopodium is unusually

short for a member of subg. Ageratina.

Ageratina {Ageratina) campU H.Rob.,

sp. nov.

Fig. 2

Type: Ecuador. Caiiar: North rim of val-

ley of Rio de Cafiar, between Suscal and

Chontamarca, 25 Apr 1945, Camp (Gilar)

E-2869 (holotype US, isotype NY).

In foliis primariis valde cordatis late div-

ericate triplinervatis et in inflorescentiis cy-

miformibis et in floribus in capitulo 50 vel

ultra distincta.

Perennial herbs, woody at base, to 5 dm
high, with 1 or 2 pairs of ascending branch-

es; stems brownish to reddish, terete, pu-

berulous with reddish hairs; internodes

mostly 2-8 cm long, in some parts fistulose.

Leaves opposite, petioles 0.5-2.0 cm long;

blades broadly ovate, thinly papyraceous,

bright green with purplish tinge, 2.5-6.0 cm
long, 2-5 cm wide, base cordate, with deep

narrow sinus on larger leaves, margins with

8-10(-20) blunt teeth, coarse and often

double from sinus to near tip in larger

leaves, apex short-acute, adaxial surface

sparsely pilosulous, abaxial surface some-

what paler, with hairs mostly along veins;

triplinerved from sinus at base of blade,

secondary veins usually spreading at a 45-
50° angle, reaching only midleaf, veins

sometimes reddish. Inflorescences terminal

on leafy stems, rather laxly cymiform, with

8-15 heads; branches puberulous; pedun-

cles 4-14 mm long. Heads 5-7 mm high;

involucral bracts 23-25, oblong-lanceolate,

ca. 6 mm long, 1.0-1.2 mm wide, outer

bracts green, inner stramineous, apices

short-acute, inner membranaceous, fringed

with many fine hairs, outside sparsely pu-

berulous. Florets 50—70 in a head; corollas

whitish, ca. 4 mm long, pilosulous on lobes,

few hairs on throat, basal tube ca. 1.5 mm
long, throat ca. 2 mm long, lobes 0.5-0.6

mm long; anther thecae ca. 0.9 mm long,

whitish. Achenes ca. 2.3 mm long, fusi-

form, with many setulae on ribs and sides;

pappus whitish to pinkish or reddish, of ca.

22 capillary bristles, to 4 mm long, not

broadened distally.

Ageratina campii is known only from the

type collection from south-central Ecuador.

The species seems most distinct in the

deeply cordate leaves of the main stems

with a widely spreading triplinerved main

veins and the 50-70? florets in the heads.
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The inflorescence also seems more cymi-

form than in other species. The collection

data mention the purplish tinge of the

leaves, and the deep pink to reddish pappus,

the reddish condition being correlated with

a deeper colored, reddish, stem and leaf

veins. However, in the dried material, only

the pinkish color of some of the pappus

bristles is evident.

Ageratina (Ageratina) cumbensis H.Rob.,

sp. nov.

Fig. 3

Type: Ecuador. Azuay: 30 km S of Cum-
be on road to Saraguro, 9800 ft, 26 Jan

1979, King & Almeda 7806 (holotype US,

isotypes CAS, MO).
In plantis fruticosis in ramis virgatis pler-

umque 3-4 dm altis et in petiolis brevibus

distincta.

Wiry often subscandent shrubs 3-4(-10)

dm tall, moderately to rather densely

branched; stems brownish, terete, puberu-

lous with mostly reddish hairs; internodes

1—6 cm long. Leaves opposite, petioles 1—

3(-6) mm long; blades broadly ovate, most-

ly 1-2 cm long, 7-18 mm wide, base sub-

cordate, margins serrulate with 4 or 5 small

blunt teeth, apex obtuse to broadly acute,

adaxial surface dark green, glabrous or

sparsely pilosulous, abaxial surface paler

green to reddish, pilose mostly on veins;

triplinervate from base of blade, secondary

veins spreading at a 35-40° angle. Inflores-

cences terminal on leafy stems, with as-

cending branches ending in few loosely cy-

mosely disposed heads; peduncles 6-30

mm long, puberulous with reddish hairs,

with minute stipitate glands in forma glan-

dulifera. Heads 7-8 mm long; involucral

bracts ca. 15, eximbricate, narrowly ellip-

tical to lanceolate, 4-6 mm long, 0.8-1.0

mm wide, apices acute, firm, puberulous

with sparse reddish hairs externally. Florets

30-40 in a head; corollas whitish, 3.5-4.5

mm long, basal tube slender, ca. 1 .5 mm
long, throat narrowly campanulate, 1-2 mm
long, lobes ca. 0.5 mm long, with few to

many hairs outside; anther thecae ca. 0.9

mm long, whitish. Achenes ca. 1.5 mm
long, fusiform, sparsely to rather densely

setulose along ribs; carpopodium cylindri-

cal; pappus often rather pink, 3.5-4.5 mm
long, fragile at base, not or scarcely broad-

ened distally.

Ageratina cumbensis occurs in southern

Ecuador in paramo habitats (mostly above

3000 m). The shrubby habit with slender

stems and small, subsessile leaves is dis-

tinctive. Specimens have been determined

in the past as Ageratina cutervensis (Hi-

eron.) R.M.King & H.Rob.; that Peruvian

species differs by the tendency of dried

leaves to blacken and by the coarse yellow-

ish hairs of the stems.

Ageratina cumbensis f. cumbensis

Peduncles puberulous with reddish hairs,

without glands.

Paratypes: Ecuador. Chimborazo: Road/

trail from campsite above Rio Algo (85 km
from Guardiana Alais by road from Alao),

NNE to pass/continental divide (via old route

to Huamboya), 3350-3550 m, 20 May 1990,

King & Judziewicz 10168 (MO, US). Azuay:

vicinity of Nabon, 25—26 Sep 1918, Rose,

Pachano & Rose 23014 (US). "Oriente Bor-

der," Paramo del Castillo and surrounding

forested areas, crest of eastern cordillera on

trail between Sevilla de Oro and Mendez,

9000-10,000 ft, 18 Aug 1945, Camp E-4822

(NY, US). Along road to Loja, ca. 13 km
generally S of Cumbe, ca. 10,900 ft, 4 Feb

1974, Kitig 6713 (MO, US). Along road to

Loja, ca. 25 km S of Cumbe, ca. 10,800 ft,

5 Feb 1974, King 6728 (MO, US). Muletrack

Sevilla de Oro-Mendez, at pass and adjacent

slopes. Paramo de Castillo, 02°48'S,

78°36'W, 3250-3500 m, 16 Sep 1976,

0Ugaard & Balslev 9584 (AAU, US). About

7 km SE of Jima on road towards San Miguel

de Cuyes, 3100 m, 27 Apr 1985, Marling &
Andersson 24688 (GB, US). Loja: Parque

Nacional Podocarpus, at pass on road Loja-

Zamora, 03°58'S, 79°07'W, 2850-2960 m, 1

1

June 1984, 0llgaard & Madsen 74731
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(AAU, QCA, US). Parque Nacional Podo-

carpus, pass on road Yangana Valladolid

(Nudo de Sabanilla), 04°27'S, 79°08'W,

2750-2900 m, 28 Feb 1985, 0Ugaard, Lae-

gaard, Thomsen, Koming & Ilium 58392,

58402 (AAU, QCA, US). Nudo de Sabanilla,

W slope ca. 10 km above Yangana on road

to Valladolid, 2500 m, 3 Apr 1985, Marling

& Andersson 23582 (GB, US). In paramo of

"el Tiro," Northern terminus of Podocarpus

National Park, 500 m from Loja-Zamora

highway, 03°59'S, 79°08'W, 2940-2970 m, 9

June 1993, Keating 141 (US). Paramo above

refugio de Cajanuma (Centro de Informa-

cion), Podocarpus National Park, 04°07'S,

79°30'W, 3250-3404 m, 31 Jul 1993,

Keating 402 (US). Cordillera de Las Lagu-

nitas, Amaluza-Jimbura-Zumba, km 41,

04°44'55"S, 79°25'13"W, 3270 m, 22 Nov
1994, J0rgensen, Ulloa, Leon, Vargas & Loz-

ano 782 (LOJA, MO, QCA, QCNE, US). Pa-

ramo above Refugio de Cajanuma (Centro de

Informacidn), Podocarpus National Park,

04°07'S, 79°09'30"W, 3200-3400 m, 2 Jul

1996, Keating 511 (US). Morona-Santiago:

Trail Alao-Huamboya, E slopes above and

around La Magdalena, 01°47'S, 78°24'W,

3550-3700 m, 7 May 1982, 0llgaard, Holm-

Nielsen, Andreasen, Larsen, Kvist & Jensen

38310 (AAU, QCA, QNA, US).

Ageratina cumbensis f. glandulifera

H.Rob., forma nov.

Type: Ecuador. Azuay: 8-10 km S of

Cumbe on road to Loja, 9050-9400 ft, 22

Jan 1979, King & Almeda 7756 (holotype

US, isotypes CAS, MO).
A varietatis typicis similis sed in pedun-

culis stipitate glanduliferis differt.

Peduncles with minute stipitate glands

mixed with puberulence.

Paratype: Ecuador. Azuay: Along road to

Loja, ca. 6 km generally SE of Cumbe, ca.

9600 ft, 4 Feb 1974, King 6693 (MO, US).

Ageratina {Ageratina) ewanii H.Rob.,

sp. nov.

Fig. 4

Type: Colombia. Narino: Cordillera Ori-

ental, W slide of Volcan Dofia Juana, 3000

m, rare small herbaceous sp. about 30 cm
high, among soil pockets of boulder slide,

16 Dec 1944, Ewan 16618 (holotype US;
isotype US).

In habitis ad A. gracilem similis sed in

foliis pilosis et in acheniis subglabrous et

in bracteis involucri exterioribus breviori-

bus distincta.

Subshrub ca. 30 cm high, to 20 cm wide,

densely branched; stems brownish, densely

pilose with strongly ascending hairs; inter-

nodes 4-13 mm long. Leaves opposite, pet-

ioles 2-3 mm long; blades stiffly herbacous,

ovate, mostly 7-15 mm long, 3-9 mm
wide, base rounded, margins with 5-7 mi-

nute appressed teeth, apex acute, adaxial

surface puberulous along insculpate main

veins, smaller hairs between veins and near

margins, abaxial surface densely puberu-

lous with coarse often pale hairs along

exsculpate larger veins; triplinervate near

base, secondary veins ascending at ca. a 30°

angle. Inflorescences densely corymbiform,

branches strongly ascending; peduncles 3-

8(-12) mm long, densely puberulous with

dark hairs. Heads 5-6 mm high; involucral

bracts ca. 15, narrowly oblong, 2-4 mm
long, apices broadly to narrowly acute, out-

er 7 or 8 bracts shorter, thicker, puberulous

externally, inner bracts with smooth, gla-

brous, membranaceous tips exserted. Flo-

rets 25-30 in a head; corollas white, 3.0-

3.2 mm long, basal tube ca. 1.2 mm long,

throat ca. 1.2 mm long, lobes ca. 0.8 mm
long, pilosulous outside; anther thecae ca.

0.8 mm long, whitish. Achenes ca. 1.8 mm
long, nearly glabrous, sometimes with few

minute setulae distally on ribs; carpopo-

dium cylindrical; pappus whitish, 2.7-3.0

mm long, of ca. 25 fragile capillary bristles,

not or slightly broadened distally.

Ageratina ewanii is known only from the

type collection. The specimen was previ-

ously identified as A. gracilis, a common
Colombian species with a similar habit but

a more decumbent base and glabrous

leaves. The new species is most distinctive

in the many outer involucral bracts usually

distinctly shorter than the inner bracts.
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Ageratina {Andinia) harlingii H.Rob.,

sp. nov.

Fig. 5

Type: Ecuador. Loja: 15 km S of Loxa,

2450 m, 12 Jul 1959, Hatiing 5822 (holo-

type S).

A speciebus pluribus subgeneribus An-

diniis in caulibus glandulis stipitatis dense

obtectis distincta.

Subshrubs or shrubs 0.2-0.5 m high,

with often dense branching in distal sub-

verticillate clusters; stems dark brown,

densely covered with short, stout, yellow-

ish, stipitate glands; internodes mostly 1-3

cm long. Leaves opposite, nearly sessile,

petioles 1-2 mm long; blades thinly coria-

ceous, oblong-ovate, mostly 15-32 mm
long, 10-25 mm wide, base rounded, mar-

gins serrulate with 6—15 teeth, apex short-

obtuse, adaxial surface glabrous, smooth or

somewhat glossy, with prominulous veins

and veinlets, with few or no glandular dots,

abaxial surface with prominent veins and

prominulous veinlets, densely gland-dotted;

triplinervate from 1-2 mm above base of

blade, veins ascending at ca. a 35° angle

from midrib, with 1 or 2 pairs of weak
widely spreading distal secondary veins. In-

florescences terminal on branches, in cor-

ymbiform clusters mostly 4—5 cm wide,

sometimes with clusters clustered; branches

with stout stipitate glands; foliiform bracts

and bracteoles subimbricate, 5-10 mm
long, 3—7 mm wide; peduncles 1-2 mm
long above uppermost bracteole. Heads ca.

10 mm high, 6 mm wide; involucral bracts

12—14 in ca. 2 series, 5-6 mm long, outer

bracts thinly herbaceous, oblong-elliptical,

ca. 5 mm long, subacute, with glandular

dots outside, small stipitate glands nearer

base, inner bracts reddish-tinged distally

and marginally, membranaceous, lanceo-

late, 6.0-6.5 mm long, acute, margins with

fringe of fine hairs, with glandular dots out-

side. Florets 12-15; corollas whitish, 5.5-

6.0 mm long, with glandular dots on tube

and lobes, basal tube 1.5 mm long, throat

campanulate at base, cylindrical distally.

3.0-3.5 mm long, lobes 0.7-0.9 mm long;

anther thecae ca. 1.2 mm long, slightly red-

dish to brownish. Achenes narrowly pris-

matic, ca. 3.5 mm long, scabrid with short

setulae on ribs and upper sides; pappus of

35-45 slender bristles, 4.5-5.0 mm long,

reddish at base, not or scarcely broadened

near tips.

Loja: 15 km S of Loja, 2600 m, 12 Jul

1959, Marling 5804 (S); 2400 m, 12 July

1959, Hading 5816 (S).

Ageratina harlingii can easily be distin-

guished by the habit, with distal clusters of

subverticillate branches and the stems rath-

er densely foliate and densely covered with

stout, stipitate glands. Only the three 1959

collections of Gunnar Harling have been

seen. Subsequent deterioration of the envi-

ronment in Loja may mean this the local-

ized species is extinct.

Ageratina {Andinia) maranonii H.Rob.,

sp. nov.

Fig. 6

Type: Peru. Amazonas: Prov. Bongara,

Jalca zone 3 km south of Pomacocha, E of

Shipasbamba, 2400 m, 20 June 1962, Wur-

dack 975 (holotype US, isotypes NY,
USM).
Ad A. macbridei in foliis papyraceis late

lanceolatis et stricte pinnate nervosis similis

sed in foliis abaxialiter subglabris et in

bracteis involucri apice rotundatis vel ob-

tusis differt.

Shrubs 1.5-3.0 m high, branching at a

30-40° angle; stems slightly hexagonal, be-

coming terete, viscid, with numerous glan-

dular dots; internodes 2.0-6.5 cm long.

Leaves opposite, petioles 1.0-2.3 cm long;

blades papyraceous, broadly lanceolate,

mostly 10-16 cm long, 2-6 cm wide, base

obtuse to broadly acute, margins entire in

basal fourth, mostly serrulate to serrate with

20-40 teeth, apex narrowly acute to slight-

ly acuminate, surfaces with prominulous re-

ticulum of veinlets, with glandular dots ob-

scure, appearing glabrous, adaxial surface

dark green, with pale veins and veinlets.
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Fig. 5. Ageratina harlingii H.Rob., holotype, Harling 5822 (S).
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Fig. 6. Ageratina maranonii H.Rob., holotype, Wurdack 975 (US).
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sometimes few hairs on midvein, abaxial

surface paler green, with few small sparse

hairs on veins; secondary veins pinnate,

with 10-12 veins on each side. Inflores-

cences terminal on leafy stems, broadly fas-

tigiate, shallowly rounded-corymbiform;

branches and bracts viscid, puberulous to

pilosulous; peduncles 1—5 mm long. Heads
7—9 mm long; involucre with ca. 10 green

weakly subimbricate bracts, narrowly ob-

long, 3-5 mm long, apices rounded to ob-

tuse, thinly scarious, weakly bicostate and

viscid outside. Florets 5-8 in a head; co-

rollas white, 4.5-5.0 mm long, basal tube

ca. 1 mm long, with glandular dots, limb

glabrous, throat ca. 3 mm long, lobes ca.

0.5 mm long; anther thecae ca. 1.2 mm
long, reddish. Achenes 2.0-2.5 mm long,

ribs not pale, with glandular dots on ribs

and distally on sides; pappus white or with

pink bases, of 30-35 slender unflattened

bristles 3-4 mm long.

Paratype: Ecuador. Loja: Cerro Toledo,

road to "La Torre," ca. 7 km SE Yangana,

2500 m, 7 Apr 1985, Hading & Andersson

23819 (GB, US).

Ageratina maranonii occurs in northern

Peru near Chachapoyas and from one lo-

cality in southern Ecuador. The habit in Ec-

uador is forest and old clearings. The spe-

cies is closely related to A. macbridei

B.L.Rob, of central Peru; specimens have

been previously identified as that species.

The latter has the same large leaf blades

with 20-40 teeth and 10-12 pairs of strictly

pinnate secondary veins. However, the lat-

ter also has distinctive spider-like clusters

of hairs on the abaxial leaf surface beside

the midvein, its involucral bracts have acute

tips, and its corolla lobes are narrower and

ca. 1 mm long.

Ageratina {Ageratina) parviceps H.Rob.,

sp. nov.

Fig. 7

Type: Ecuador. Carchi: 4 km NE of Mira

on road toward El Angel, roadside near

cornfield, 2500 m, 12 May 1990, King, Pe-

terson & Judziewicz 10069 (holotype US,

isotype MO).
In habitis herbaceis vel suffruticosis et in

laminis foliorum 15-30 mm longis et in

captulis aliquantum diminutivis et in pe-

dunculis non glanduliferis et in bracteis in-

volucri 3-4 mm longis distincta.

Herbs or subshrubs 35-90 cm tall,

sparsely to densely branched; stems brown-

ish or reddish, puberulous or pilosulous

with reddish hairs; internodes 1.5-9.0 cm
long. Leaves opposite, petioles 2-8 mm
long; blades ovate, mostly 15-30 mm long,

9-22 mm wide, base truncate to broadly

obtuse, often with broad acumination at pet-

iole, margins serrate with 5-10 ascending

rather blunt teeth on each side, apex short-

acute, adaxial surface dark green, drying

blackish, sparsely pilosulous, sometimes

appearing glabrous, abaxial surface usually

paler green, puberulous or pilosulous with

pale hairs mostly on veins; triplinervate

from base of blade, secondary veins spread-

ing at ca. a 30° angle. Inflorescences ter-

minal on leafy stems, with ascending

branches ending in rather flat corymbiform

cluster of heads; peduncles 5-18 mm long,

puberulous to hirtellous with reddish hairs.

Heads 5-6 mm high; involucral bracts ca.

15, in ca. 2 series, greenish or reddish, ob-

long-elliptical, 3-4 mm long, to 1 mm
wide, apices acute, margins ciliate, bicos-

tate and puberulous outside. Florets 30-35;

corollas whitish, ca. 3 mm long, basal tube

ca. 1.3 mm long, throat 1.3-1.5 mm long,

lobes 0.3-0.5 mm long, with few small

hairs outside; anther thecae ca. 0.8 mm
long, white. Achenes ca. 2 mm long, with

short setulae on ribs; pappus whitish, rarely

slightly reddish, ca. 3 mm long, of ca. 30

capillary bristles, very fragile at base,

scarcely wider distally, often densely sca-

bridulous. n = Hu 2^ or round frag., K6974
(King et al. 1977, as A. azangaroensis).

Paratypes: Ecuador. Carchi: La Rincon-

ada, a ranch between Ibarra and Tulcan,

3000 m, 10-11 Aug 1923, Hitchcock 20796
(US). Wooded hills about 5 miles S of Tul-

can, 10 Aug 1923, Hitchcock 20996 (US).
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Ageratina parviceps H.Rob.
det Harold Robinson (US), July 2001

UNITED STATES

3175379

noloh/oe

ASTERACEAE OF ECUADOR
Cytological and/or Biochemical Vouchers

Ageratina azangaroensis (Sch. Bip. ex Wedd.) K. & R.

CABCHI: * km. NE ol Miro on load toward El Angol Boatijido near cwnfwld. Etev. 2.500

mdera.

Uncommon, ficwcra white.

Robot Metrill King. Paul f.4. Potoreon. Emmol J. JudzicwiK

10.069 IZ M^ '99°

NATIONAL HERBARIUM
CoKocKd lot the United Slates N^onal Heitarium (US)

Smilhaonian Institution. V/ashington DC, USA

Fig. 7. Ageratina parviceps H.Rob., holotype. King, Peterson & Judziewicz 10069 (US).
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Road Tulcan-San Gabriel, km 19, S of Tul-

can, 3000-3100 m, 22 Feb 1974, Marling

& Andersson 12055 (GB, US). Scrub at

edge of Paramo, 10-11 km NE of El Angel,

00°40'N, 77°53'W, ca. 11,000 ft, 8 Aug
1978, Webster 23073 (DAV, US). 10 km
SW of Tulcan, on road to El Angel, 3140

m, 14 May 1990, King, Peterson & Jud-

ziewicz 10118 (MO, US). Imbabura: Lago

Cuicocha, ca. 00°20'N, 78°20'W, 3000 m,

10 Dec 1966, Sparre 13353 (S). Mojanda,

ca. 10 km SSW Otavalo, ca. 00°10'N,

78°18'W, 2900-3150 m, 12 Dec 1966,

Sparre 13501 (S). Laguna Cuicocha, crater

lake 30 km W of Ibarra, 00°18'N, 78°22'W,

ca. 3100 m, 24 May 1973, Holm-Nielsen,

Jeppesen, L0jtnant & 0llgaard 6300
(AAU, S). Via Nueva America-Tambo-
Palmira-Mariano Acosta, zona humeda,
10,000-10,400-11,800-10,400 ft, 30 Dec
1979, Jaramillo, Coello & Sarmiento 1754

(AAU, QCA); Otavalo-Hcda. Perugachi,

sitio de colecciones Quichinche—Faldas

Nor-Oeste de Penas blancas, frente a fabri-

ca de Cemento Solvalogre, zona humeda,

bosque secundario, 2670-2910 m, 5 Jan

1980, Jaramillo, Coello & Young 1886

(AAU, QCA). Cotacachi Canton, Reserva

Ecologica Cotacachi-Cayapas, Laguna de

Cuicocha, Sendero alrededor de la Laguna,

Suelo Volcanico, 00°18'N, 78°22'W, 3100-

3300 m, 23 Dec 1991, Penafiel, Bersosa,

Gaibor & Toasa 664 (MO, QCNE, US);

Sendero de la Laguna, entre Cotacachi-

Loma y la Quebrada de Chumabi, Suelo

Volcanico, 00°18'N, 78°22'W, 3000-3300

m, 28 Dec 1991, Penafiel, Tamayo & Toasa

776 (MO, QCNE, US). Pichincha: Prope

Quito pass. 15 Mar 1871, Sodiro 29 (S).

Rio Machangara pr. urb. Quito, ad Marg.

viae., 16 Apr 1920, Holmgren 519 (S). Ad
declivitates montis Pichincha pr. Quito, 30

Sep 1937, Sydow 170 (S). Iliniza, Hacienda

en Ortuno, 3650 m, 26 Nov 1956, Weydahl

39 (S); Iliniza, Hacienda en Ortuno, 3590

m, 28 Nov 1956, Weydahl 88, 119 (S).

Quebrada Violetas, ca. 4 km W Aloag-Sto

Domingo, 3000 m, 25 Mar 1967, Sparre

14966 (S). Pululahua Crater about 22 km N

of Quito, 2950 m, 5 Apr 1973, Humbles
6258 (AAU, US). Hacienda de San Xavier,

ca. 3 km SW of Chillogallo, ca. 10,800 ft,

17 Jan 1974, King 6503 (MO, US). W of

Calicali, W slopes of Cordillera Occidental,

km 12 on road from Calicali, mountain

scrub along road, 0°01'N, 78°33'W, ca.

2800 m, 24 May 1979, L0jtnant & Molau
13619 (AAU). Via Chillogallo-San Juan,

partidero desde la poblacion de San Juan

hacia faldas del Atacazo "antenas milita-

res," coleccion en border del carretero y pa-

jonal, terreno humifero, zona humeda, 13

Jul 1980, Jaramillo & Lascano 3128
(AAU, QCA). Carretera de la Hacienda

"Mi Cielo," faldas NW del Volcan Pichin-

cha, 00°10'S, 78°30'W, 3400-3600 m, 24

Apr 1987, Zak & Jaramillo 2014 (MO,
US). Chimborazo: Along Pan-American

Highway (route 1), ca. 6 km generally S of

Mocha, ca. 11,200 ft, 24 Jan 1974, King

6580 in part (MO, US). Along road to Ri-

obamba, ca. 45 km SW of Riobamba, ca.

7900 ft, 31 Jan 1976, King & Garvey 6974

(MO, US). Sucumbios: 8 km E of Pan

American Hwy on road to La Bonita, S at

Cocha Seca 1.2 km, 00°38'N, 77°41'W,

3000 m, 1 Mar 1992, Funk & Gavilanes

11060 (US). Napo: Quijos Canton, Reserva

Ecologica Antisana, carretera Pifo—Papal-

lacta, 3 km W de La Virgen, Laguna Mig-

uacocha-Rio Tumiguina, 00°23'S, 78°09'W,

3420 m, 25 Jul 1998, Vargas, Narvdez et

al 1984 (MO, US). Tena Canton, Parque

Nacional Llanganates, Via Salcedo-Tena,

km 55-60, Rio Anatenorio, 00°58'S,

78°15'W, 3015 m, 17 Sep 1998, Vargas,

Narvdez & Orellana 2531 (MO).

Colombia: Cundinamarca: Paramo de Pa-

lacio, Cleef & Uribe 6729 (US).

Ageratina parviceps occurs only in

northern Ecuador at elevations above 3000

m. A few specimens with the characteristics

of the species seem to represent occurrences

as far south as Chimborazo. Habitats in-

clude roadsides beside cultivated fields,

scrub at edge of paramo, shrubby vegeta-

tion on old lava flows, and very humid
montane forest on metamorphic rock sub-
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strate. Specimens have been identified in

the past as A. azangaroensis (Sch.Bip. ex

Wedd.) R.M.King & H.Rob., A. sodiroi or

cf. A. gracilis (H.B.K.) R.M.King & H.Rob.

The size is small, most like the Colombian

A. gracilis, but the latter has essentially ses-

sile, glabrous leaves. The present species

differs from both A. azangaroensis and A.

sodiroi by having smaller heads with much
shorter involucral bracts.

Ageratina (Ageratina) pseudogracilis

H.Rob., sp. nov.

Fig. 8

Type: Venezuela. Tachira Paramo de El

Colorado (continuacion de El Zumbador),

cumbre del paramo, 3200-3300 m, 20 Jan

1973, Cuatrecasas, Ruiz-Terdn & Lopez-

Figueras 28381 (holotype US, isotypes

US).

In habitis ad A. gracilem similis sed in

foliis pilosis et in acheniis glabris vel

subglabris differt.

Subshrub or shrub 2—3 dm high, to 1.7

dm wide, with many branches; stems

brownish, hirsutulous; internodes 1-2 cm
long. Leaves opposite, subsessile, petioles

1-2 mm long; blades ovate, membrana-

ceous, mostly 12-18 mm long, 5-12 mm
wide, base rounded or obtuse, margins with

4-6 low blunt teeth, apex short-acute, ad-

axial surface sparsely pilose, abaxial sur-

face pilose on veins; triplinervate from very

near base of blade, with slender secondary

veins spreading at ca. a 35° angle, reaching

near distal third, weaker spreading basal

veins close to basal margin. Inflorescences

corymbiform, with branches strongly as-

cending, hirtellous; peduncles 2-7 mm
long. Heads 5-6 mm high; involucral bracts

ca. 15, mostly ca. 4 mm long, 1.2 mm wide,

with margins and tips broadly membrana-
ceous, 2 or 3 outer ca. 3 mm long, ca. 0.7

mm wide, without thin margins, apices

shortly acute. Florets 30-35 in a head; co-

rollas white, ca. 3 mm long, basal tube ca.

1.2 mm long, throat ca. 1.7 mm long, lobes

ca. 0.5 mm long, densely pilosulous out-

side; anther thecae ca. 0.7 mm long, whit-

ish. Achenes ca. 1.7 mm long, nearly gla-

brous, with few short setulae on distal ribs;

carpopodia short-cylindrical; pappus whit-

ish, ca. 3 mm long, of ca. 25 fragile capil-

lary bristles, slightly broadened distally.

Ageratina pseudogracilis is known only

from the type collection. It resembles A.

gracilis (H.B.K.) R.M.King & H.Rob, in

habit, with its small size and the small, sub-

sessile leaves. The species is evidently

more erect, the stems and leaves are pubes-

cent, and the achenes are glabrous or nearly

glabrous.

Ageratina {Andinia) regalis H.Rob.,

sp. nov.

Fig. 9

Type: Ecuador. Azuay: 8-10 km S of

Cumbe on road to Loja, 9050-9400 ft, 22

Jan 1979, King & Almeda 7754 (holotype

US, isotypes CAS, MO).
Ad A. pseudochilcam in laminis foliorum

coriaceis et subquinquenervosis similis sed

in axilis venosi abaxialibus piliferis distinc-

ta.

Shrubs or small trees 1-4 m tall, mod-
erately branched, branches ascending at ca.

a 45° angle or less, not or scarcely viscid

on stems, leaves and branches of inflores-

cence, with sparse minute puberulence;

stems brownish, terete with slight costae;

internodes mostly 1.0-5.5 cm long. Leaves

opposite, somewhat persistent along distal

branches, petioles 5-15 mm long; blades

thinly coriaceous, narrowly ovate to ovate-

elliptical, mostly 4.0-6.5 cm long, 1.2-3.0

cm wide, base rounded or obtuse to broadly

acute, margins with usually 10-22 teeth

distal to the basal fifth, apex obtuse to

acute, adaxial surface dark green, nitid,

with prominulous larger veinlets, slightly

insculpate smaller veinlets, glandular dots

scattered, abaxial surface subnitid, with

close reticulum of prominulous veinlets,

smaller veinlets usually dark, minute glan-

dular dots scattered, not restricted to vein-

lets, pilose with pale hairs along sides of
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Fig. 8. Ageratina pseudogracilis H.Rob., holotype, Cuatrecasas, Ruiz-Terdn & Lopez-Figueiras 28381 (US).
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Fig. 9. Ageratina regalis H.Rob., holotype, King & Almeda 7754 (US).
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midvein and on bases of secondary veins,

especially obvious in axils of large second-

ary veins; two pairs of strongly ascending

secondary veins near base of blade, pair

nearest base weak, near margin, distal pair

more ascending, spreading at a 30-40° an-

gle, usually straight or with convex curve

from base. Inflorescences terminal on leafy

stems, fastigiate with ascending branches,

forming rather dense slightly rounded cor-

ymbiform clusters of heads; peduncles 0-1

mm long, with heads mostly in sessile sub-

groups of 2 or 3. Heads 7-8 mm long; in-

volucral bracts weakly subimbricate, with

ca. 7 subequal bracts, pale green, oblong to

elliptical, mostly ca. 4 mm long, apices sub-

acute, scarious, scarcely bicostate outside at

base, with many glandular dots. Florets 5-

7; corollas white to pale pink or with pink

lines, ca. 5.0 mm long, basal tube 1.5-1.8

mm long, with scattered minute glandular

dots, throat ca. 2.5 mm long, glabrous,

lobes ca. 0.7 mm long, glabrous; anther the-

cae 1.2-1.5 mm long, reddish. Achenes ca.

2.5 mm long, with minute setulae or glan-

dular dots along ribs, glands on sides near

pappus; pappus rather persistent, whitish or

base pale pink, 3-4 mm long, of 30-35

bristles, slightly flattened, not broadened

distally. n = ca. 42, K6891 (King et al.

1977, as A. pseudochilca).

Paratypes: Ecuador. Cafiar: Region of

San Marcos, ca. 10 km NE of Azogues,

9500 ft, 25 Sep 1944, Prieto P-69 (NY,

US). El Oro: Cerro de Chilla, 03°30'S,

79°38'W, 3595 m, 3 May 1997, Vargas &
Canaday 1423 (MO, QCNE, US). Chim-

borazo/Cafiar: Western escarpment, near. El

Tambo, 10,000-11,500 ft, 6-9 Jul 1945,

Camp E-4099 (NY, S). Cailar: Between

Biblian and Canar, ca. 3200 m, 21 Sep

1955, Asplund 17683 (S); ca. 2900 m, As-

plund 17710 (S). Paramo between Biblian

and Cafiar, 3350 m, 5 Aug 1959, Hading
6285 (S). Partidero El Corte-San Miguel de

Porotos-Parcialidad Jatupamba-Cerro La
Comuna, zona humeda, 9400-10,000 ft, 26

May 1979, Jaramillo 985, 1032 (AAU,
QCA). Azuay: Cruz Pamba region above

Banos (ca. 15 km SW of Cuenca), 9000-

10,000 ft, 29-30 June 1945, Camp E-3921

(NY, S, US). Cumbe, 3000 m, 9 May 1947,

Marling 824 (S). 10 km S of Cumbe, 3000

m, 8 Jul 1959, Marling 5660 (S). Sayausid,

ca. 3000 m, 1 Apr 1968, Marling, Storm &
Strom 7930 (GB). Road Cuenca-Giron (ca.

10 km N of Giron), ca. 2700 m, 2 Apr

1968, Marling, Storm & Strom 7949 (GB,

US). Cumbe, S of Cumbe, ca. 2700 m, 22-

24 Apr 1968, Marling, Storm & Strom 8703

(GB, US). Along road to Limon, ca. 17 km
E of Gualaceo, ca. 8900 ft, 31 Jan 1974,

King 6631 (MO, US). Along road to Loja,

ca. 6 km generally SE of Cumbe, ca. 9600

ft, 4 Feb 1974, King 6695 (MO, US). Por-

tete del Tarqui, Cuenca-Giron, 2700-2900

m, 5 Apr 1974, Marling & Andersson

13193 (GB, US). Road Cuenca-Loja, upper

northern slopes of Valle del Rio Leon and

southern parts of Paramo de Tinajillas, ca.

2800 m, 9 May 1974, Marling & Andersson

14518 (GB, US). Banos, SW of Cuenca,

cultivated ground, ca. 2700 m, 12 May
1974, Marling & Andersson 14572 (GB).

Along road to Loja, ca. 17 km S of Cumbe,
ca. 9700 ft, 24 Jan 1976, King & Garvey

6891 (MO, US). Partidero Llantera-Chi-

quintad-Saucay-Guandum, zona humeda,

9200 ft, 27 May 1979, Jaramillo 1051

(AAU, QCA). Tarqui, near the monument,

2600 m, 5 Feb 1982, Marling, Bohlin, Lind-

strom & Roth 20243 (GB, US). Loja: Jera

10 km NE of Saraguro, 03°24'S, 79°14'W,

2 Mar 1989, Ellemann 91651 (AAU, QCA,
US).

Common name: "urcu chilca" (Que-

chua). Use: for bath, a decoction of whole

plant is used.

Ageratina regalis seems endemic to the

area of Azuay and nearby parts of Cailar,

El Oro, and Loja. The species occurs in pa-

ramo or subparamo vegetation. Specimens

have been consistently identifed in the past

as the more northern A. pseudochilca. The
present species is instantly distinguishable

by the abaxial leaf hairs along the midvein

and bases of the secondary veins, which are

particularly evident in the axils of the sec-
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ondary veins. The stems are also more te-

rete, the leaf blades generally thinner, and

the corollas often pink.

The species is named after the collector

of a number of the specimens and specialist

in the Eupatorieae, Robert Merrill King.

Ageratina rhodopappa f. glandularis

(B.L.Rob.) H.Rob., comb. nov.

Basionym: Eupatorium pichinchense f.

glandulare B.L.Rob., Contrib. Gray Herb.,

n.s. 61:10. 1920. Type: Ecuador. Chimbo-

razo: vicinity of Huigra, mostly on Haci-

enda de Licay, Aug 1918, Rose & Rose

22210 (holotype GH, isotypes NY, US).

Ageratina {Ageratina) rosei H.Rob.,

sp. nov.

Fig. 10

Type: Ecuador. Chimborazo: Vicinity of

Huigra, mostly on Hacienda de Licay, 21

Aug 1918, Rose & Rose 24078 (holotype

US).

Ad A. rhodopappam f. glandidarum in

setis pappi roseis et pedunculis glanduliferis

similis sed in laminis foliorum base tripli-

nervatis differt.

Herbs 5-10 dm tall, scarcely to moder-

ately branched, often with many prolifera-

tions from axils; stems slender, brownish to

purplish, terete, usually puberulous to hir-

tellous; intemodes L5-6.5(-14.0) cm long.

Leaves opposite, petioles 4-16 mm long;

blades thinly papyraceous, ovate, mostly

L2—5.0 cm long, 0.6—3.0 cm wide, widest

near basal 5th, base subtruncate or shallow-

ly cordate to rounded, margins crenate or

serrate with 5-12 blunt teeth on each side,

apex acute, rarely slightly acuminate; ad-

axial surface sparsely and evenly pilosu-

lous, abaxial surface slightly paler, pilosu-

lous mostly on veins; triplinervate from

base of blade at petiole, rarely just distal to

base. Inflorescences terminal on leafy

stems, broadly and usually rather flatly cor-

ymbiform; branches ascending, usually

with many minute stipitate glands; pedun-

cles 5-17 mm long. Heads 6—8 mm high;

involucral bracts ca. 18, greenish or brown-

ish-green with purplish tips, oblong-lance-

olate, mostly subequal, 4-6 mm long, 1 .0-

1.3 mm wide, apices acute, inner bracts

with paler membranaceous often erose tips,

scarcely ciliate, outside minutely puberu-

lous with usually reddish hairs, narrowly bi-

costate. Florets ca. 35-45 in a head; corol-

las whitish, 3.5-4.0 mm long, basal tube

slender, 1.0-1.5 mm long, throat 1.5-2.0

mm long, lobes 0.5-0.8 mm long, with few

hairs outside; anther thecae 0.6-0.9 mm
long, white. Achenes ca. 2 mm long, fusi-

form, with many short setulae along ribs

from carpopodium to pappus, very rarely

glabrous; carpopodium cylindrical; pappus

of ca. 20 whitish to mostly reddish bristles,

fragile at base, 3.5-4.0 mm long, scarcely

to distinctly broadened distally. n = 17 +
1, K6532\ n = 17 + 2 frag., K6587 (King

et al. 1911 , as A. azangaroensis).

Paratypes: Ecuador. Locality uncertain:

In locis herbidis subandinis, Sodiro 549

(US). And. Quitenorum, s.d., Jameson s.n.

(S). El Oro: Railway station Cotopaxi, 3550

m, 26 May 1939, Asplund 6498 (S). Pi-

chincha: Pichincha, a little above Quito,

3200-3500 m, 1952?, Fagerlind & Wibom
2035 (S). Antisanilla, 11,500 ft, Oct 1923,

Anthony & Tate 337 (US). Cerca de la es-

tacion de Chiriaco, 2820 m, 2 Apr 1928,

Firmin 421 (US). Quito, Panecillo, 2900 m,

16 May 1939, Asplund 6078 (S). Saloya (W
of Quito), 2000 m, 28 June 1939, Asplund

7360 (S). Dauli (flag stop) on railroad SE
of Corazon Volcano, 00°34'S, 78°36'W,

3300 m, 31 May 1947, Fosberg 27638

(US). Cordillera Occidental, los Vertientes

de Pichincha, 11 Jul 1959, Barclay, Juaji-

bioy & Tinajero 7819 (US). Cordillera Oc-

cidental, Paramo de Trujillo, border of

Prov. Cotopaxi, between peaks Illiniza to W
and Cotopaxi to E, ca. 3450 m, 15 Jul 1959,

Barclay & Juajibioy 7933 (US). Quebrada

Yanahuaico, ca. 3 km W Conocoto, 2700-

2800 m, 3 Dec 1966, Sparre 13292 (S).

Road St Domingo-Quito, Cornejo Astorga

(Tandapi), ca. 1600 m, 7-10 May 1968,

Marling, Storm & Strom 9393 (GB). Cerro
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Fig. 10. Ageratina rosei H.Rob., holotype. Rose & Rose 24078 (US).
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Pichincha, above Quito, 3500-5000 m, 2

Nov 1974, Gently 12381 (MO). Along

route from Quito to Santo Domingo de los

Colorados between San Juan and La Palma

via Chiriboga, 15 km NE of Chiriboga,

2480 m, 2 Sep 1976, Croat 38725 (MO).

Along road between Quito and Nanegal, via

Cotocollao and Nono. 18-21 km NW of

Quito, 3100-3200 m, 4 Sep 1976, Croat

38802 (MO). Paramo and shrub vegetation

on the eastern slopes of Cerro Pichincha,

3600-4000 m, 26 Jan 1977, Marling, Elias-

son & Andersson 14834 (GB). W slopes of

Cordillera Occidental, W of Calicali,

00°01'N, 78°32'W, ca. 2700 m, 25 Mar
1979, L0jtnant & Molaii 11358 (AAU,
GB). W of Calicali, W slopes of Cordillera

Occidental, km 12 on road from Calicali,

00°01'N, 78°33'W, 24 May 1979, L0jtnant

& Molau 13619 (AAU, GB). Quito, Par-

raoquia El Salvador-Toctiuco-Chorrera-

Faldas del Pichincha, zona hiimeda, pen-

diente, 1 1.000-1 1,400 ft, 24 Jun 1979. Jar-

amillo & Jaramillo 1206 (AAU, QCA);
Hcda. Mi Cielo—Faldas del Pichincha. zona

humeda, 11,000 ft, 20 Jul 1979, Jaramillo

1260 (AAU, QCA); via Toctiuco-Chor-

rera-Piramide (Antena de Television) Fal-

das del Ruccu-Pichincha, zona humeda,

11,600 ft, 11 Aug 1979, Jaramillo & Las-

cano 1328 (AAU, QCA); Pasochoa-Local-

idad Sur Oriente, colecciones en bosque de

Coja Andina y pajonal, zona humeda,
3500-3650 m, 17 Nov 1979, Jaramillo,

Coello, Nan'aes, Elisabeth, Bravo & Rasa

1567 (AAU, QCA). Carretera Chillogallo-

San Juan-Chiriboga-Empalme, colecciones

en alrededores de San Juan, 00°18'S,

78°39'W, 3100-3260 m, 8 Sep 1985, Zak
& Jaramillo 621 (MO, US). Carretera Qui-

to-San Juan-San Jose de la Victoria, en la

cercania de San Jose, 2900-3400 m, 24

Dec 1987, Zak & Jaramillo 3280 (MO,
US). Cotopaxi: Volcan Cotopaxi, above

Limpio Pamba, 00°37'S, 78°26'W, 3781 m,

10 Jul 1963, Ugent & Albornoz 5662 (US).

Volcan Cotopaxi WNW slopes (NE Ami
Grande) 4000 m. 26 Apr 1967. Sparre

15777 (S). Road Salcedo-Napo. km 21.

3800 m. 5 Sep 1967, Sparre 18420 (S).

Road Quevedo-Latacunga, Zumbagua. W
of Zumbagua, ca. 3200 m, 2 May 1968,

Marling, Storm & Strom 8942 (GB. US).

Tungurahua: Along road to Bafios. ca. 1 km
SE of Ambato, ca. 8700 ft. 20 Jan 1974,

King 6532 (MO, US). Mocha, alrededores

del Pueblo, 01°27'S, 78°40'W, 2900 m. 30

Sep 1995, Villacres 257 (F, US). Bolivar:

Railway station Cotopaxi, 3550 m, 26 May
1939, Asplund 6498 (S, US). Along road to

Guaranda (route 7), ca. 28 km generally

SW of Ambato, ca. 11,000 ft. 25 Jan 1974,

King 6587 (MO, US). Chimborazo: Vicin-

ity of Huigra, mostly on Hacienda de Licay,

28 Aug 1918. Rose & Rose 24078a (US);

6 Sep 1918, Rose & Rose 24078b (US).

Canon of Rfo Chanchan near Huigra,

4000-4500 ft, 7-14 May 1945. Camp E-

3148 (NY. S. US). Between San Andres and

Cuatro Esquinas. Oct 1952, Fagerlind &
Wibom 881 (S). El Reten (20 km south of

Cebadas. 31 Jan 1968. Marling, Storm &
Strom 6793 (GB). Carretera Riobamba-Lic-

to-Pungala-Alao-Huamboya, en la quebra-

da Supaychuan, 01°50'S, 78°30'W, 3570-

3620 m, 26 Dec 1987, Zak & Jaramillo

3304 (MO. US). Canar: between Biblian

and Caiiar, edge of thicket, ca. 3200 m, 21

Sep 1955, Asplund 17682 (S). Azuay: Cerro

Soldados (W of Sayausid), below Quinoas,

ca. 3400 m, 25 Apr 1968. Marling, Stonn

& Strom 8748 (GB). Napo: Alrededores de

la Cordillera de Los Llanganati. Chihuila

Sacha o Ainchilibi, 25-29 Aug 1959, Bar-

clay & Juajibioy 9004 (US). Morona-San-

tiago: Parque Nacional Sangay. Peace

Corps Sangay Mountaineering Expedition,

between Plazapamba and Yanayacu,

02°02'S, 78°25'W, 3200-3600 m. 23-31

Dec 1995. Clark, Marris, Sulser, Teizeira &
Bano 1829 (MO. QCNE. US).

Three additional paratypes are tripliner-

vate slightly above base of the blade:

Ecuador: Pichincha: Crescit prope Quito,

1864, Jameson s.n. (US). Puingasi (cul.) en

um cerco, ca. 3000 m. 18 Apr 1927. Firmin

46 (US, achenes without setulae). Quito

Canton, carretera Quito-Nono-Tandayapa,
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00°01'N, 78°40'W, 1500-1800 m, 5 Sep

1991, Rubio 2083 (MO, QCNE).
Peru: Dept. Lambayeque: Prov. Ferrena-

fe: Sinchigual-Laguna Tembladera, Distrito

Incahuasi, 3100 m, 13 Sep 1985, Sagdste-

gui, Skillman, Mostacero & Ramirez 12859

(F, HUT, US).

Ageratina rosei occurs mostly in central

Ecuador at middle and higher elevations.

Habitats cited include paramo on dry rocks

of high cliff above grassy slope, on ridges

in montane forest area, bunch-grass asso-

ciation, under shrubs along ditch between

cultivated fields, and roadside. The combi-

nation of often reddish pappus and glan-

duliferous inflorescence branches tends to

distinguish the species. It is named for the

collector of some of the earlier specimens,

Joseph Nelson Rose, and its pappus color

was also taken into consideration in the

choice of the name. Some of the early col-

lections of the species were identified by B.

L. Robinson as his Eupatorium pichinchen-

sis f. glandulare, the type of which has the

triplinervation of the leaf far distal to the

base of the blade, and it is placed now in

A. rhodopappa. Both A. rosei and A. rho-

dopappa lack the long stem hairs of A. pi-

chinchensis, although some specimens of

that species have glands on the inflores-

cence branches and reddish pappus bristles.

More recent collections of A. rosei have of-

ten been determined as A. azangaroensis

(Sch.Bip. ex Wedd.) R.M.King & H.Rob.,

an apparent synonym of A. glechonophylla

(Less.) R.M.King & H.Rob, that has gen-

erally larger heads, corolla throats much
longer in comparison to their lobes, and

achenes with coarser setulae on the ribs and

distal lateral surfaces. The Peruvian speci-

men has generally longer peduncles, 2.5 cm
long.

Ageratina {Ageratina) serrulata H.Rob.,

n.sp.

Fig. 11

Type: Colombia. Antioquia: Ituango,

camino entre El Retiro y Cerro Paramillo,

3200-3600 m, 25 Feb 1993, Cuadros 5003

(holotype HUA, isotypes MO, US).

In habitus ad A. gracilem similis sed in

foliis flaccide pilosis in foliis erecto-paten-

titer multiserrulatis et in acheniis glabris

distincta.

Subshrubs 15-20 cm high, sparsely

branched below, distal parts densely

branched; stems dark brown when dry,

densely hirsute with flaccid hairs; inter-

nodes mostly 4-8 mm long, to 25 mm long

on young shoots. Leaves opposite, petioles

2-4 mm long; blades papyraceous, ovate,

10-22 mm long, 5-12 mm wide, base

rounded to broadly obtuse, mai'gins with 5—

11 small sharp teeth, apex acute, adaxial

surface pilosulous with sparse hairs, abaxial

surface with long flaccid hairs spreading

from midvein and larger secondary veins,

triplinervate at the base of blade, secondary

veins spreading at a 30-35° angle. Inflores-

cences terminal on leafy stems, often over-

topped by lateral leafy shoots, branches

slender, few, sparsely hirtellous, peduncles

4-17 mm long. Heads ca. 5 mm high; in-

volucral bracts 15-17, lanceolate, subequal,

ca. 4.5 mm long, 0.7 mm wide, narrowly

acute, glabrous outside, inner bracts thinner,

paler, bicostate. Florets ca. 30 in a head;

corollas white, ca. 3.5 mm long, basal tube

ca. 1.5 mm long, throat ca. 1.3 mm long,

lobes ca. 0.6 mm long, with few or no hairs;

anther thecae whitish, ca. 0.7 mm long.

Achenes ca. 2 mm long, glabrous; carpo-

podium narrowly cylindrical; pappus whit-

ish, ca. 3 mm long, of ca. 20 fragile bristles,

scarcely broadened distally.

Ageratina serrulata is known only from

the type collection. The species is one of

four described in this paper that have at

times been identified as A. gracilis (H.B.K.)

R.M.King & H.Rob. All are from above

3000 m and differ from the Colombian A.

gracilis by the more erect habits and the

pubescence on the leaf blades. The Ecua-

dorian species, A. parviceps, is usually a

larger plant with much longer petioles, and

it has definitely setuliferous achenes. The
western Venezuelan A. pseudogracilis and
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southern Colombian A. ewanii differ by the

broader more membranaceous tips on the

involucral bracts, the very short internodes

of the stems, and nearly but usually not

completely glabrous achenes. Also, A. ewa-

nii has a series of outer involucral bracts

usually distinctly shorter than the inner

ones. The present A. serrulata is most dis-

tinct in the many sharper more jutting small

teeth of the leaves and by the lanceolate

essentially glabrous bracts of the involucre.

Ageratina (Ageratina) villonacoensis

H.Rob., n.sp.

Fig. 12

Type: Ecuador. Loja: Eastern slopes of

Cerro Villonaco, grassland or dense shrub

vegetation, 2500-2600 m, 12 Apr 1974,

Harling & Andersson 13439 (holotype US,

isotype GB).

Ad A. pichinchensem in caulibus villosis

et in inflorescentiis compactis similis sed in

laminis foliorum base cordatis margine

acute dentatis et apice valde acuminatis et

in bracteis involucri longe acuminatis dis-

tincta.

Subshrubs to ca. 1 m tall, sparsely

branched; stems scrambling, terete, densely

villous with often violet septate hairs over

1 mm long; internodes 6-9 cm long. Leaves

opposite, petioles 5-18 mm long; blades

broadly ovate, 2.5-5.0 cm long, 2-4 cm
wide, papyraceous, base rounded to shal-

lowly cordate, margins coarsely serrate,

with 7-10 teeth on each side, apex distinct-

ly acuminate, adaxial surface pilose, abaxial

surface pilose on veins; triplinervate from

base, often from basal acumination, with

secondary veins spreading at ca. a 45° an-

gle. Inflorescences terminal on leafy stems,

with branches spreading at a 30-45° angle,

densely villous; ending in rather dense cor-

ymbiform clusters of heads; peduncles 3-6

mm long. Heads 7-8 mm long; involucral

bracts 20-22, in ca. 2 series, papyraceous,

subequal, lanceolate, 6-7 mm long, 0.8-1.0

mm wide, outer bracts purplish, inner bracts

stramineous, tips narrowly acute to long-

acuminate, outside pilose with violet hairs.

Florets ca. 30-35 in a head; corollas white,

4.0-4.3 mm long, pilosulous on distal part

of throat and on lobes, basal tube slender,

ca. 2 mm long, throat ampliate, becoming

cylindrical, ca. 1.7 mm long, lobes ca. 0.7

mm long, pilosulous with fine hairs; anther

thecae ca. 1 mm long, whitish. Achenes ca.

2 mm long, fusiform, setuliferous on distal

part of ribs and on sides near pappus; pap-

pus whitish, of ca. 25 capillary bristles ca.

3.5 mm long, fragile at base, slightly broad-

ened distally.

Paratype: Peru. Cajamarca: Prov. Caja-

marca, Cerro Chupacotoy, 2800 m, 2 June

1992, Ochoa & Salas 16139 (US).

Ageratina villonacoensis is known only

from the type collection in southern Ecua-

dor and a single similar but smaller-headed

and less pubescent specimen from Caja-

marca, Peru. It is similar to A. pichinchensis

and A. sodiroi. It has the longer pubescence

of the former, without any trace of stipitate

glands sometimes found in that species. It

has the larger more acute teeth of the leaf

margins as in A. sodiroi, but the latter has

shorter pubescence. The present species dif-

fers from both the related species by the

more strongly cordate bases of the leaf

blades and by the narrow often long-acu-

minate tips of the involucral bracts.

Ageratina {Ageratina) websteri H.Rob.,

sp. nov.

Fig. 13

Type: Ecuador. Pichincha: Secondary
montane rain forest, trail to waterfall, Re-

serva El Pahuma, weed with white flowers,

00°OrN, 78°38'W, 1920 m, 18 June 1996,

Webster 31619 (DAV, US).

In habitis decumbentibus et in caulibus

rubri-puberulis et in laminis foliorum 20-

32 mm longis et margine argute serratis et

in capitulis laxe dispositis et in bracteis in-

volucri e acheniis vix longioribus et in flo-

ribus in capitulo 20-25 et in tubis corollar-

um sparsim minute pilosulis distincta.

Herbs with long decumbent rooting
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Stems and projecting leafy branches 4-5 dm
long, branching at ca. a 45° angle; stems

brownish to dark reddish, densely puberu-

lous with reddish hairs; internodes mostly

1.5-4.0 cm long. Leaves opposite, petioles

4-7 mm long; blades membranaceous,

ovate, 20-32 mm long, 8-14 mm wide,

base obtuse, margins serrate with 4-6 sharp

teeth, apex acute, adaxial surface dark

green, nearly glabrous, with scattered mi-

nute hairs, more puberulous on veins near

base, abaxial surface slightly paler, with

few hairs along veins; triplinervate 1.0-1.5

mm distal to base of blade, secondary veins

spreading at ca. a 25-30° angle. Inflores-

cences terminal on leafy branches, with 1-

7 laxly disposed heads; branches puberu-

lous with reddish hairs; peduncles slender,

12—25 mm long. Heads 5—6 mm high; in-

volucral bracts ca. 15, in 1-2 series, mem-
branaceous, few outer bracts darker green,

narrowly oblong, subequal, 2.0-2.5 mm
long, ca. 0.5 mm wide, apices obtuse,

densely ciliate with fine hairs, outside pu-

berulous with sparse minute hairs, costae

not obvious. Florets 20-25 in a head; co-

rollas whitish, ca. 2.8 mm long, with fine

pale hairs on basal tube, basal part of throat

and on lobes, basal tube slender, ca. 1.5 mm
long, throat ca. 1 mm long, lobes ca. 0.3

mm long; anther thecae ca. 0.5 mm long,

whitish. Achenes ca. 2 mm long, with mi-

nute setulae often biseriate along ribs,

sparse distally on sides; carpopodium cylin-

drical; pappus ca. 2.8 mm long, whitish or

pinkish, of ca. 25 slender bristles, not or

scarcely broadened distally.

Ageratina websteri is known only from

the type collection. It was originally deter-

mined as possibly A. psilodorum, a Col-

ombian species, but it does not have the

glabrous stems of that species. Relationship

is regarded here as closest to A. parxnceps,

which has a more erect habit with more
heads on shorter peduncles, over 30 florets

in the heads, corolla tubes and throats with-

out hairs, larger more overlapping involu-

cral bracts distinctly longer than the mature

achenes, an almost strictly whitish pappus,

and which occurs at elevations usually at

least 1000 m higher.
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ERRATUM

Erratum regarding.—Marcus, J. and S.

Hourdez. 2002. A new species of scale-

worm (Polychaeta: Polynoidae) from Axial

Volcano, Juan de Fuca Ridge, northeast Pa-

cific. Proceedings of the Biological Society

of Washington 115(2):341-349.

Statement.—Higher printing quality of

the figures illustrating the new species

Vampiropolynoe embleyi (Polychaeta; Po-

lynoidae) are presented here. Due to print-

ing problems the figures issued with the

original publication did not satisfactorily il-

lustrate the morphological detail described

in the text.
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Fig. 1. A. Drawing of paratype (R473-6096), dorsal view of whole specimen. Dorsal cirri have broken off.

B-E, SEM views. B. Elytron from the mid-section, dorsal view. C. Detail of elytral surface. D. Dorsal view of

segments 1 1 (bottom)-14 (top). White arrow points to cirrophore on segment 12. black arrow points to digitiform

dorsal tubercle on the same segment. E. Detail of first dorsal tubercle on segment 6 (black arrow).
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Fig. 2. A, C, and D, SEM views. A. Dorsal view of anterior part of worm. White arrows point to the strong

aciculae protruding from the 1st segment. Black arrow points to the left hooked frontal filament. B. Drawing of

the anterior part of paratype (R473-6096), pharynx partially everted. C. Frontal view of prostomium showing

median antenna, tentacular cirri, aciculae (white arrows). D. Detail of the buccal cirrophore (black arrow), and

second ventral cirrus (3rd segment).
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Fig. 3. A and C, SEM views. A. Ventral view of a partially everted pharynx showing upper, lateral and

ventral lips with their papillae and ridges. Black arrowheads point to lip ridges, asterisk points to shared bulbous

base of the two median papillae on the lateral lip. B. Drawing of paratype (R473-6096), ventral view of a more

everted pharynx, with the buccal papillae forming a crown at the base of the pharynx. C. Keratinized teeth at

the junction between the mouth opening and the pharynx.
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Fig. 4. A-D, SEM views; E and F, drawings. A. Posterior view of elytrigerous parapodium (segment 15).

Arrow points to the ligule of the notopodium. B. Anterior view of the parapodium from the same segment.

Arrow points to the hgule of the neuropodium. C. Posterior view of cirrigerous parapodium (segment 14). Arrow

points to the ligule of the notopodium. D. Anterior view of the parapodium from the same segment. Arrow
points to the ligule of the neuropodium. E. Posterior view of cirrigerous parapodium of segment 24, note the

protruding acicula. F. Anterior view of the same parapodium depicted in E.
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Fig. 5. A-E, SEM views. A. Tip of a notoseta. B. Feather-like neurosetae on the lower side of the neuro-

podium. C. Upper neurosetae. D. Detail of neurosetae tips. E. Ventral view of segments 1 1-14 showing incon-

spicuous nephridial papillae (white arrows).
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Notes on the genus Ruellia (Acanthaceae) in Bolivia, Peru and Brazil

D. C. Wasshausen and J. R. I. Wood

(DCW) Department of Systematic Biology—Botany, National Museum
Smithsonian Institution, Washington, D.C. 20560-0166, U

e-mail: wasshausen.dieter@ nmnh.si.edu;

(JRIW) 111 Forest Road, Liss, Hampshire GU33 7BP,lS^at Brit^

e-mail: jriwood@hotmail.com

Abstract.—Taxonomic notes on Ruellia are presented in preparation for the

authors' forthcoming annotated checklist of Bolivian Acanthaceae. Four new
species {R. antiquorum, R. beckii, R. dolichosiphon and R. exserta) are de-

scribed and illustrated, two new combinations are made and variation in R.

haenkeana is discussed leading to the recognition of two varieties and two

forms in the species. The little-known R. pearcei is described, illustrated and

discussed in relation to the widespread R. brevifolia.

Ruellia is the second largest genus of

Acanthaceae in the flora of Bolivia with 27

species in the annotated checklist of Boli-

vian Acanthaceae (Wasshausen and Wood,
in prep.). Most species are quite well de-

fined and there are relatively few novelties,

perhaps a reflection of the fact that Ruellia

is not primarily Andean in distribution. The
following notes update our taxonomic
knowledge of the genus in Bolivia prelim-

inary to the publication of our checklist.

1. Infra-specific Variation

Two species are especially variable but

differ in the nature of their variation. Ruel-

lia puri (Nees) Mart, ex Jackson varies

greatly in the size of its corolla and the

form of its inflorescence but detailed study

of this widespread species is needed before

the nature of this variation can be deter-

mined. However, R. haenkeana (Nees)

Wassh. is restricted to a relatively small

area of Bolivia and Peru and we have been

able to recognize one very distinctive va-

riety and two forms below, based mainly on
striking color variations.

Ruellia haenkeana (Nees) Wassh.

Ruellia haenkeana (Nees) Wassh., Beitr.

Biol. Pflanzen 63: 423 (1988). Type:

Peru, T.

GZU!).

Haenke s.n. (isotypes PR,

var. haenkeana

This is the common morphotype of the

species found throughout its range in Peru

and Bolivia. It is characterized by its gla-

brous or puberulous leaves and crimson co-

rollas.

var. pilosa Wasshausen & J. R. I. Wood,

var. nov.

Fig. lA-C

Ruellia haenkeana var. pilosa Wasshausen

& J. R. I. Wood, var. nov. Type.—BO-
LIVIA: La Paz, Sud Yungas, Rio Bopi,

San Bartolome (near Calisaya), 750-900

m, 1-22 Jul 1939, B. A. Krukoff 10502

(holotype US!; isotypes NY!, K!).

Varietas nova corolla rosea et foliis pi-

losis distincta.

Additional specimens examined.—BO-
LIVIA: La Paz, Sud Yungas, Cerro Pelado,

Puerto Linares-Yacumo, 1050 m, 14 Jul

1979, Beck 1756 (US, LPB); Larecaja, San

Carlos, Mapiri, 850 m, 1 1 May 1927. Buch-

tien 1372 (US); ibid, 5 May 1927, Buchtien

1373 (US); ibid, 16 Apr 1927, Buchtien
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Fig. I. A-C, Ruellia haenkeana var. pilosa (Krukoff 10502). A, Habit; B, Bracteole and calyx lobes; C,

Corolla, stamens and stigma.

1378 (US); Caranavi, 19 km from Caranavi

towards Bella Vista, 1240 m, 8 Jun 1996,

Wasshausen et al. 2109 (LPB, US); ibid,

Wasshausen et al 2111 (CAS, LPB, US).

Leonard had annotated a number of du-

plicate Krukoff 10502 collections as ''Ruel-

lia nobilis Leonard, type". Since he never

published this epithet it simply remains a

nomen nudum.

f. lutea Wasshausen & J. R. L Wood,

forma nov.

Fig. 2A-D

Ruellia haenkeana var. haenkeana forma

lutea Wasshausen & J. R. I. Wood,/ nov.

Type.—BOLIVIA: La Paz, Murillo, Val-

le de Zongo, 1300 m, 14 Jun 1980, Beck

3681 (holotype US!; isotype LPB!).
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Fig. 2. A-D, RiieUia haenkeana var. haenkeana f. hitea {Beck 3681); E-G, Ruellia haenkeaua van haenkeana

f. purpurea {Wasshausen & Wood 2144). A, Habit; B, Bracts, bracteoles and calyx lobes; C, Bracteoles, calyx

lobes, corolla, stamens, style and stigma; D, Corolla expanded; E, Habit; F, Bract, bracteoles and calyx lobes;

G, Bracteoles, calyx lobes, corolla, stamens, style and stigma.
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Forma nova corolla lutea etfoliis glabris

distincta.

Additional specimen examined.—BO-
LIVIA: La Paz, Murillo, Valle de Zongo,

1400-1600 m, 22 Apr 1982, Solomon 7535

(MO, US).

f. purpurea Wasshausen & J. R. I. Wood,

forma nov.

Fig. 2E-G

Ruellia haenkeana var. haenkeana forma

purpurea Wasshausen & J. R. I. Wood,/
nov. Type.—BOLIVIA: La Paz, Carana-

vi, by road ascending serrania E of Car-

anavi towards Bolinda, 1200 m, 27 Jul

1998, Wood & Wasshausen 13768 (ho-

lotype US!; isotypes K!, LPB).

Forma nova corolla purpurea et foliis

puberulis distincta.

Additional specimens examined.—BO-
LIVIA: La Paz, Caranavi, Bolinda above

Caranavi, 1300 m, 27 Jul 1998, Wasshau-

sen & Wood 2144 (US, LPB); Caranavi, 5

km from Serrania de Bella Vista on road to

Caranavi, 1100 m, 8 Jun 1996, Wasshausen

et al. 2104 (CAS, GOET, LPB, K, US);

Caranavi, Serrania de Bella Vista, 17.6 km
N of the bridge at Carrasco, 1600 m, 1 1 Jun

1985, Solomon 13984 (MO, US); Caranavi,

N of Caranavi towards Linares, 17 km from

Carrasco, 1700 m, 30 Jun 1983, Beck 9242

(LPB, US); Caranavi, 10 km N of Bolinda,

1450 m, 2 Jun 1991, Rea & Rea 10 (LPB,

US).

The new variety and forms are restricted

to moist hill forest in the area NE of La
Paz, occurring very locally amongst typical

R. haenkeana. Forma lutea is apparently re-

stricted to the Zongo Valley whereas the

other variety and form have their centers of

distribution on the mountains north and east

of Caranavi. Variety pilosa is the most dis-

tinct, as it has pilose leaves in addition to

the distinctive pink corolla.

2. Species Clusters

Ruellia geminiflora Kunth and R. brevi-

folia (Pohl) Ezcurra are the best known and

most widespread representatives of two

species clusters, which require detailed

study throughout South America. The
group centered on R. geminiflora comprises

blue-flowered perennial herbs of open sa-

vannas and cerrados. Most species have

some kind of thickened rootstock, which

enables the plant to survive burning, some-

thing that often stimulates the plants to

flower. Apart from R. geminiflora there are

only two representatives of this group in

Bolivia, R. bulbifera Lindau and R. brachy-

siphon (Nees) Benth. & Hook. f. The three

species differ from each other in indumen-

tum and corolla size but are probably good

species, although no final decision about

their status and relationships can be made
without detailed studies of the whole spe-

cies complex, which is centered in Brazil.

R. brevifolia is part of a cluster of spe-

cies, which includes R. pearcei Rusby, R.

gracilis Rusby and R. ruiziana (Nees) Lin-

dau. These are bushy perennials of forest

regions and are more diverse in the Andes
than in the lowland regions. The four spe-

cies in Bolivia are reasonably well defined

although a few specimens can be difficult

to assign. One of them, R. pearcei, has been

universally neglected since its description

and so we include a description of its main

characters below, together with the citations

of a range of specimens:

Ruellia pearcei Rusby
Fig. 3A-D

Ruellia pearcei Rusby, Bull. New York Bot.

Card. 4: 429 (1907). Type.—BOLIVIA:
Cochabamba, Bang 2056 (lectotype NY!,

here chosen; isolectotype US!)

Ruellia pearcei is related to R. brevifolia

(Pohl) Ezcurra but can be distinguished

from that species and all of its allies by its

much longer corolla, which is 3.6-4.0 cm
in length (up to 3.0 cm only in R. brevifol-

ia) and differently shaped. The corolla tube

has a very short cylindrical base and is then

ventricose and gradually widened to the

mouth whereas in R. brevifolia the basal cy-
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Fig. 3. A-D, Ruellia pearcei {Wasshausen et al. 2103); E-H, Ruellia hrevifolia {Nee & Atha 50090). A,

Habit; B, Bracteoles and calyx lobes; C, Calyx lobes, corolla and stamens: D, Anther enlarged; E. Habit. E
Bracteoles and calyx lobes; G, Bracteoles, calyx lobes, corolla and stamens; H, Anther enlarged.
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lindrical part is longer, the tube is then

abruptly ventricose and even slightly con-

tracted at the mouth (Fig. 3C, G). In habit,

it is a perennial herb similar in general ap-

pearance to R. brevifolia but the leaves are

always lanceolate or oblong-lanceolate,

acuminate at the tip, glabrous and usually

dark violet on the undersurface.

Habitat and distribution: R. pearcei is a

local species of moist, tropical lowland forest

along the eastern foothills of the Andes from

the Santa Cruz area in Santa Cruz north

through the Yungas of La Paz to southern

Peru. Its distribution appears to be somewhat

discontinuous, perhaps indicating that it has

somewhat precise ecological demands. It is

found between 600 and 1200 meters.

Additional specimens examined.—BO-
LIVIA: Beni, Ballivian, bridge Rio Qu-

ibquibey, 4 km towards San Borja, 700 m,

14 Jul 1979, Beck 1691 (LPB, US); Beni,

Ballivian, E side of Serrania de Pilon Lajas,

21 km from Yacumo [15°17'S, 67°40'W],

1035 m, 17 May 1989, Smith, Quintana &
Garcia 13200 (K, LPB, MO); La Paz, Itur-

ralde, Rio San Antonio, 46 km from Ixia-

mas to Alto Madidi, 300 m, 17 Aug 1997,

Kessler et al 11204 (LPB, US); La Paz,

Tamayo, Haciend Ubito, Rio Ubito Valley,

800 m, 12 Jul 1993, Kessler 3803 (LPB,

US); ibid, Kessler 3836 (LPB, US); La Paz,

Larecaja, 5 km from Consata to Sorato,

1250 m, 31 May 1995, Kessler et al. 4402

(LPB, US); La Paz, Sud Yungas, 5 km from

Chamaca to La Asunta, 850 m, 6 Oct 1995,

Kessler et al. 5793 (LPB, US); Sud Yungas,

ca. 1.5 km W of El Sillar on road from

Sapecho to Yacumo, 600 m, 28 Jul 1998,

Wood & Wasshausen 13783 (K, LPB); La
Paz, Caranavi, outskirts of Caranavi, along

streambank, 680 m, 27 Jul 1998, Wasshau-

sen & Wood 2139 (CAS, GOET, LPB, US);

Caranavi, 17 km from Caranavi along road

to Coroico, 500 m, 7 Jun 1996, Wasshausen

et al. 2103 (CAS, GOET, K, LPB, US); Nor
Yungas, ca. 25 km below Yolosa on road

to Caranavi, near Chala, 900 m, 19 Feb

1999, Wood & Mondaca 14530 (K, LPB);

La Paz, without exact location, Rio San

Juan, 1100 m, 7 Apr 1902, Williams 258
(K, NY); Cochabamba, Chapare, Espiritu

Santo, 160 km NE of Cochabamba, 750 m,
Jan 1909, Buchtien 2239 (US); ibid, Buch-

tien 2309 (US); Cochabamba, Tiraque, on

escarpment above El Palmar, 1 200 m, 6 Jun

1998, Wood 13673 (K, LPB); Chapare, Rio

Espirito Santo, at beginning of ascent to

Cochabamba, 1000 m, 19 Jun 1994, Wood
8537 (K, LPB, US); Rio Espirito Santo, ca.

20-25 km E of Villa Tunari on road to Co-

chabamba, 700 m, 27 Jul 1995, Wood
10081 (K, LPB); Cochabamba area without

precise department. Bang 1223 (K, NY,
US); Santa Cruz, Ichilo, ca. 2 km below

Campamiento Mataratu, Amboro Park, 300

m, 30 May 1997, Wood 12212 (K, US);

Ichilo, near San Rafael de Amboro, S of

Buenavista, 500 m, 21 May 1995, Wood
9843 (K, LPB, US); Ichilo, Campamiento
Mucunucu. Amboro Park, 500 m, 28 May
1996 Wood et al. 11150 (LPB): Amboro,
SW of Buena Vista, near Macuiiucu Camp,
450-500 m, 28 May 1996, Brummitt et al.

19320 (K, LPB, US); ibid, Wasshausen et

al. 2060 (CAS, GOET, K, LPB, US); ca. 2

km below Campamiento Mataratu, Amboro
Park, 300 m, 30 May 1997, Wood 1212 (K,

LPB); Santa Cruz, Valle Grande, 10 km
from Loma Larga to Masicuri, 1450 m, 26

May 1996, Kessler et al. 6104 (LPB,

US).—PERU: Puno, Sandia, between San

Juan de Oro and San Ignacio, 1200 m, 7

Jun 1982, Wasshausen & Salas 1205 (K,

MO, NY, US, USM); ibid, 1100 m, Wass-

hausen & Salas 1211 (G, K, MO, NY, US,

USM); without precise locality, 1863,

Pearce 276 (K), 596 (K); Huanuco, Pachi-

tea, Honoria, Iparia National Forest, along

Rio Pachitea, 1 1 km above Tournavista Vil-

lage, 3-400 m 19 Jul 1967, Schunke 2128

(K, US); Cuzco, Quispicanchis, Inambari

bridge, 530 m, 4 Mar 1965, Vargas 16185

(CUZ, US); ibid, 580, m, 8 Dec 1967, Var-

gas 18455 (CUZ, US).

3. New Combinations

The following is a widespread species in

the SW Amazon region although hitherto

unnamed in most herbaria:
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Ruellia nitida (Nees) Wassh. & J. R. I.

Wood, comb. nov.

Ruellia nitida (Nees) Wassh. & J. R. I.

Wood, comb. nov. Arrhostoxylum nitidum

Nees, in Mart., Fl. Bras. 9(7): 59 (1847).

Type.—BRAZIL: Amazonas: Borba, Rie-

del s.n. (holotype LE!; isotype GZU!).

This species appears to be common in

moist lowland forest and we have seen

many collections from northern Bolivia in

the departments of Pando, Beni and Santa

Cruz, and in western Brazil in the territory

of Rondonia [e.g. Prance et al. 5603 (K,

NY, US,), 5876 (K, NY, US)], and in the

states of Amazonia and Mato Grosso.

Ruellia multisetosa Rusby is not, in fact,

a Ruellia and should be transferred to the

genus Suessenguthia as follows:

Suessenguthia multisetosa (Rusby) Wassh.

& J. R. I. Wood, comb. nov.

Suessenguthia multisetosa (Rusby) Wassh.

& J. R. I. Wood, comb. nov. Ruellia mul-

tisetosa Rusby, Mem. New York Bot.

Card. 7: 362 (1927). Type.—BOLIVIA:
La Paz: Huachi (alto Beni), 13 Aug 1921,

White 547 (holotype NY!).

4. New Species

The following four species are new, with

three being from Bolivia and one being

from Brazil. The Brazilian species is in-

cluded because of its obvious similarity to

the Bolivian novelty, R. beckii.

Ruellia antiquorum Wassh. & J. R. I.

Wood, sp. nov.

Fig. 4A-C

Species nova speciosa R. patula Jacq. re-

vocans sed corolla longipedunculata statim

recedens et inter speciorum austro-ameri-

canarum corolla coerulea, longipeduncu-

lata, solitare, axilliare valde distincta.

Low perennial herb from a woody root-

stock; stems to 25 cm long, traihng, terete,

pilose with spreading multicellular tri-

chomes, becoming slightly woody when
old, occasionally sending down adventi-

tious roots from the leaf nodes; leaves

shortly petiolate, the petioles 1-4 mm long,

the blades ovate or elliptic, acute at apex,

abruptly narrowed to the base, 1.4-3.0 cm
long, 0.5-2.2 cm wide, sparsely to densely

pilose with white, multicellular trichomes

which are sometimes bulbous at the base,

the margin entire; inflorescence of solitary

pedunculate flowers borne in the axils of

the upper leaves, in each leaf pair, one axil

fertile and one sterile; peduncles slender,

glabrous, 1.5-5 cm long; bracteoles paired,

borne 1-2 mm below flower, linear-oblong,

9-10 mm long, 0.75-1.00 mm wide,

sparsely ciliate; calyx 1.4-1.7 mm long, di-

vided to ca. 1 mm above base, the lobes

narrowly oblong-elliptic, acute, glabrous or

with a few short, marginal trichomes; co-

rolla funnel-shaped, 55-70 mm long, ca. 2

mm wide at base, cylindrical for 25-30

mm, then gradually widened to 18-28 mm
at the mouth, the tube dirty whitish-brown,

pubescent on the exterior, the lobes blue,

glabrous, spreading, broadly ovate to sub-

orbicular, rounded, 10-16 mm long, 15-20

mm wide; stamens 4, didynamous, inserted

ca. 30 mm above base of corolla, immedi-

ately above narrow cylindrical part of the

tube; filaments glabrous, 5-6 mm long, the

outer one in each pair ca. 1 mm longer than

the other; anthers included in corolla tube,

ca. 3 mm long, glabrous; style 40 mm long,

pubescent, persistent; ovary glabrous; cap-

sule 10-15 mm long, 4 mm wide, narrowly

obovoid, glabrous, gland-dotted; seeds len-

ticular, ca. 3 mm long and wide, flattened,

glabrous, the margin white.

Type.—BOLIVIA: Santa Cruz: Florida,

Samaipata, on hill by radio transmitter,

1700 m, 17 Feb 1995, J. R. I. Wood 9419

(holotype K!; isotypes LPB, US!).

Additional specimens examined.—BO-
LIVIA: Santa Cruz: Florida, El Fuerte, Sa-

maipata, 1800 m, 15 May 1994, Wood 8376

(K, LPB); ibid, 11 Sep 1994, Wood 8630

(K, LPB, US); ibid, 2 May 1994, Rojas &
Vargas 1994 (BOL); ibid, 1550-1650 m.
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Fig. 4. A-C, Ruellia antiquorum. A, B, (Wood 9419) C, {Beck 6769)\ D, E, Ruellia dolichosiphon {Balcazar,

Montero & Alvarez 2422). A, Habit; B, Bracteoles, calyx lobes and corolla; C, Corolla expanded; D, Habit; E,

Bracteoles, calyx lobes and corolla.
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23 Mar 1981, Beck 6769 (LPB, US); Rio

Pirai Gorge between Las Cuevas and Ber-

mejo, 1300 m, Wood 10561 (K, LPB).

Ruellia beckii Wassh. & J. R. I. Wood,

sp. nov.

Fig. 5A-D

Inter species generis Ruellia habitu scan-

denti, ramis lignosis, corolla luteo-viridi et

antheris valde exsertis bene distincta.

Woody liana reaching 10 m in height;

stems woody, weakly quadrangular, sparse-

ly scurfy-pubescent when young, glabres-

cent; leaves shortly petiolate, the petioles

0.8-1.0 cm long, the blades 6-14 cm long,

3-6 cm wide, broadly oblong-elliptic,

acute, tapering at both ends, slightly asym-

metric at the base, the margin obscurely re-

pand, glabrous except for a few trichomes

on the veins, cystoliths common above; in-

florescence a small, terminal subumbelli-

form cyme, the branches arising in opposite

pairs, the branches scurfy-pubescent; brac-

teoles ovate-triangular, 4-8 mm long, 2-3

mm wide, glabrescent or with a few scurfy

marginal trichomes; calyx 5-lobed to just

above the base, lobes 12-14 mm long, 5-6

mm wide, oblanceolate to obovate, imbri-

cate, glabrous or with a few scattered mar-

ginal trichomes; corolla ca. 38 mm long,

tube ca. 7 mm wide at base, bulbous, then

gradually narrowed to 4 mm at 13 mm
above base, then abruptly widened to ca. 14

mm, shortly glandular pubescent on the ex-

terior, lobes broadly oblong, 7 mm long, 6.5

mm wide, rounded, yellow-green; stamens

4, didynamous, inserted ca. 10 mm above

base of corolla tube, the outer of each pair

inserted ca. 1 mm below the inner; fila-

ments 22 mm long, glabrous; anthers ex-

serted 10-15 mm, 6 mm long, glabrous,

sagittate at base; ovary glabrous except for

the puberulent tip; style 45 mm long, pu-

bescent, stigma bifurcate; capsule not

known.

Type.—BOLIVIA: La Paz: Caranavi, 20

km along road from Caranavi to Carrasco,

1200 m, 1 Jul 1983, S. G. Beck 9298 (ho-

lotype US!; isotype LPB).

Only known from the type locality where

it was growing in hill forest.

Ruellia exserta Wassh. & J. R. I. Wood,
sp. nov.

Fig. 5E-H

A R. beckii inflorescentia spicata unila-

terale et lobis calycis angustioribus, distan-

tibus, corolla parviori diagnoscenda.

Woody liana to 10 m, "climbing over

trees"; stems woody, rounded, glabrous be-

low, scurfy above; leaves petiolate, the pet-

ioles 0.6-2.0 cm long, the blades 6-23 cm
long, 2.0-10.5 cm wide, lanceolate, ovate

or oblong-elliptic, acuminate at apex, taper-

ing to a sometimes asymmetric base, the

margin obscurely crenate, glabrous except

for a few scurfy trichomes on the veins,

cystoliths common above; inflorescence of

small, apparently one-sided spike-like

cymes terminal on branches arising alter-

nately from each leaf axil; pedicels 3-5 mm
long with numerous cystoliths; bracteoles

ovate-triangular, 2-6 mm long, 1.5-2.5 mm
wide, pubescent on the margins; calyx 5-

lobed to just above the base, lobes 8-9 mm
long, 2 mm wide, oblong, obtuse, distant,

glabrous above, puberulent or sometimes

scurfy glandular-pubescent below; corolla

ca. 28 mm long, tube at base 2.0-4.5 mm
wide, cylindrical for ca. 10 mm, not or

hardly narrowed, then gradually widened to

12 mm at mouth, the exterior pubescent and

with scattered subsessile glands, the lobes

ovate, 6 mm long and 5 mm wide, rounded,

yellow-green or green; stamens 4, didyna-

mous, inserted ca. 17 mm above base of

corolla tube; filaments ca. 22 mm long, gla-

brous; anthers 5 mm long, glabrous, sagit-

tate at base, exserted 10-13 mm; ovary pu-

bescent; style 32-35 mm long, pubescent

with a few glands, stigma bifurcate; capsule

oblanceolate, apiculate, ca. 20 mm long, 8

mm wide, shortly and densely pubescent, 4-

seeded; seeds suborbicular, 3.5 mm long, 3
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/ 4 R,7l4N&€ff/N/ iOOl,

Fig. 5. A-D, Ruellia beckii {Beck 9298); E-H, Ruellia exserta (de Santos et al 1798). A, Habit; B, Calyx

lobes; C, Calyx lobes, disc and ovary; D, Corolla, stamens, style and stigma; E, Habit; F, Calyx; G, Calyx lobes,

disc and ovary; H, Corolla, stamens, style and stigma.
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mm wide with a pale margin and scurfy

surface.

Type.—BRAZIL: Mato Grosso: N of

Xavantina on Xavantina-Sao Felix road, 40

km N of base camp at [12°54'S, 5r52'W],

14 Jun 1968, R. R. de Santos, R. Soiiza &
A. Ferreira 1798 (holotype K!; isotype

US!).

Additional specimens examined.—BRA-
ZIL: Para: ca. 6 km on road NW of Camp
3-Alfa towards Camp 4-Alfa [5°47'S,

50°34'W], 250 m, 9 Jun 1982, Sperling et

al 6013 (K, NY); Maraba, 24 May 1982,

Secco et al 300 (MB, NY); Mato Grosso:

Cuiba-Porto Velho, 15 km from frontier with

Rondonia, Patronal District, Vila Bela de

Santissima Trinidade [12°13'S, 60°59'W], 9

Jun 1984, Cid et al 4387 (K, NY, US); 16

km N of [12°51'S, 5r52'W], ca. 270 km N
of Xavantina, 20 May 1968, de Santos et al

1483 (K, NY, US); Territory Rondonia:

Mun. de Ariquemes, Mineragao Mibrasa,

Sector Alto Candeias, km 128, [10°35'S,

63°35'W], SE of Ariquemes, 14 May 1982,

Texeira 440 (INPA, NY); Mun. de Costa

Marques, Chapada dos Parecis, Distrito de

Alta Floresta, estrada P-56, km 17 [11°12'S,

62°63'W], 16 Jun 1984, Cid 4581 (INPA,

NY).

Habitat and distribution: Apparently an

uncommon Brazilian endemic plant of Para,

Mato Grosso and Territory Rondonia,

growing on roadsides, in disturbed primary

forest and in swampy gallery forest around

250 m.

Ruellia beckii and R. exserta are closely

related species, being similar in habit, leaf

shape and flower color. After some hesita-

tion, we felt confident in treating them as

different species, since the calyx is very dif-

ferent in the two species and the corolla is

somewhat so. Possibly more important is

the inflorescence, ± umbellate in R. beckii

but in apparently one-sided spikes in R.

exserta. Although we have only seen one

collection of R. beckii, there are various

collections of R. exserta, all of which main-

tain the distinctive inflorescence, calyx and

corolla character even though collected

from different states in Brazil. Additionally,

it is highly improbable that an Andean spe-

cies such as R. beckii should be widespread

in the Brazilian lowlands without any in-

termediate populations.

Ruellia dolichosiphon Wassh. & J. R. I.

Wood, sp. nov.

Fig. 4D-E

Ob inflorescencia terminale et calyce

quam bracteis bracteolisque longiore Ruel-

lia glischrocalyx Lindau tingit sed ramis

albo-pilosis, foliis ovatis, corolla longituba,

lobis roseis distincta.

Stout herb to 50 cm; stem rounded,

densely white-pilose; petioles 0.4-1.4 cm
long, white pilose; blades 3.5—8.5 cm long,

2.0-3.5 cm wide, ovate, acute, base abrupt-

ly narrowed and then attenuate onto the pet-

iole, sparsely white-pilose, the trichomes

mostly on the upper surface, margins and

veins, cystoliths very small, obscure, mar-

gin slightly undulate; inflorescence of short

terminal racemes; pedicels 2-4 mm long,

glandular-pilose; bracts at base of pedicel,

6—8 mm long, 1.0-1.5 mm wide, subpe-

tiolate, linear-oblanceolate, rounded, pilose

with large, brownish trichomes; bracteoles

5-6 mm long, 1.0-1.5 mm wide, linear-el-

liptic or linear-oblanceolate, weakly acute,

pilose with large brownish trichomes; calyx

much longer than the bracts, subequally 5-

lobed to just above the base, lobes 20-22

mm long, 4 mm wide, oblong-lanceolate,

obtuse, one slightly larger than the others,

ciliate and with a thick line of brownish tri-

chomes along the midrib, a few trichomes

noticeably longer than the others; corolla

funnel-shaped, the tube pubescent below,

ca. 47 mm long, 4 mm wide at base, then

narrowed to 1 .5 mm after ca. 4 mm, before

widening gradually to 6 mm at mouth, pale,

probably dirty white, the lobes ca. 8 mm
long, ca. 15 mm wide, broadly ovate, acute,

pink, subglabrous outside; anthers not seen;

style sparsely pilose; ovary minutely and

densely pilose; capsule not seen.

Type.—BOLIVIA: Pando: Manuripi,
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Communidad Lago, 17 km NE of Pursima

on road to Chive [05°0012'S, 57°3581'W]

220 m, 29 Jun 2001, J. Balcazar, J. C.

Montero & J. Alvarez 2422 (holotype

USZ!).

Habitat and distribution: Only known
from the type collection in Amazonian rain-

forest in northern Bolivia.
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Phylogeography and systematic notes on two species of gracile mouse
opossums, genus Gracilinanus (Marsupialia: Didelphidae) from Brazil

Leonora Pires Costa, Yuri L. R. Leite, and James L. Patton

Museum of Vertebrate Zoology, University of California at Berkeley, 3101 Valley Life Sciences

Building, Berkeley, California 94720-3160, U.S.A.

Abstract.—Although they were described more than a century ago, Graci-

linanus agilis and Gracilinanus microtarsus are still mistaken for each other

and their status as valid species has been challenged. Morphological studies

are rare and accounts of molecular characters are even scarcer. In this paper,

we present the first phylogeographic analysis for these two species based on

mitochondrial cytochrome b sequences and provide a morphological analysis

and extended diagnosis for both species. We show that G. agilis and G. mi-

crotarsus are valid species, geographically bounded and distinguishable by

morphological and molecular characters. Gracilinanus agilis is geographicaly

widespread and genetically more homogenous, with low levels of divergence

between three clades in central, northeastern and eastern Brazil. Gracilinanus

microtarsus occurs in southeastern and southern Brazil, being comprised of

two clades that show a considerable level of sequence divergence. Although

at this time we regard these two clades as geographic units of G. microtarsus,

it is possible that more samples will show that there is greater diversity in this

group than the current taxonomy recognizes.

The genus Gracilinanus (Gardner and

Creighton, 1989) comprises delicately built

opossums, generally smaller than individu-

als of Marmosops and Marmosa with which

they are often confused. The dorsal color-

ation varies considerably, from bright red-

dish-brown to pale grayish-brown; the ven-

tral pelage is often cream or pale orange

with gray-based hairs, but sometimes white

or pure cream as in G. emiliae. The tail is

moderately long to very long, with non-pet-

iolate central hairs in each caudal-scale trip-

let. Among diagnostic cranial characters,

the more trenchant are the highly fenestrat-

ed palate, with maxillary vacuities often

present, and bullae with an anteromedian

strut forming a secondary foramen ovale

(R. S. Voss, in litt.). Other characters and

detailed descriptions of the genus can be

found in Tate (1933) and Creighton (1984)

under the microtarsus section of the for-

merly inclusive genus Marmosa, and in

Gardner & Creighton (1989) and Hershkov-

itz (1992). Costa (in press) discusses the

phylogenetic affinities of Gracilinanus

among the didelphids, based on cytochrome

b (cyt b) sequences and morphological

characters.

The genus ranges from the Guiana re-

gion, through Venezuela and Colombia,

bordering the western limit of the Amazon
basin with scattered localities in Peru, Bo-

livia and Paraguay, to the mouth of the Pa-

rana river in Argentina, then northeast

along the coast and interior tablelands of

Brazil, reaching the southeastern border of

Amazonia. It is apparently absent from all,

or at least the majority of the lowland Am-
azon basin in Brazil as specimens recorded

from this vast region were either misiden-

tified (see Patton et al. 2000, Voss et al.

2001) or are of questionable occurrence

(Patton and Costa 2003).

Tate (1933) provided the most compre-
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hensive analysis of the taxa currently in-

cluded in Gracilinanus under the ^'micro-

tarsus section" of his monograph. Later,

Gardner & Creighton (1989) established the

genus Gracilinanus to include six species:

G. aceramarcae (Tate, 1931), G. agilis

(Burmeister, 1854), G. dryas (Thomas,

1898), G. emiliae (Thomas, 1909), G. mar-

ica (Thomas, 1898) and G. microtarsus

(Wagner, 1842). Yet, the number of species

within the genus remains debatable since

Hershkovitz (1992), in his recent revision,

recognized the same six species listed

above but described three new ones from

the Andean slopes of Colombia (G. longi-

caudus and G. perijae) and Peru (G. kali-

nowskii), and recorded what he considered

an undescribed additional species from Ec-

uador. Voss et al. (2001) subsequently de-

fined a new genus, Hyladelphys, for G. kal-

inowiskii. In addition, these authors regard

G. longicaudus as a junior synonym of G.

emiliae, and they pointed out that Hersh-

kovitz's undescribed ''Gracilinanus'' from

Ecuador is a Marmosa (sensu stricto).

In the present report we address two spe-

cies: G. agilis and G. microtarsus. The
range of G. microtarsus includes the mesic

habitats of the Atlantic Forest in southeast-

ern Brazil south to Rio Grande do Sul,

while G. agilis is more widespread in Bra-

zil, occurring primarily in dry and gallery

forests of the interior plateau, isolated areas

in the Northeast, and through the wet and

dry forests of northeastern Argentina, Par-

aguay, and Bolivia (Emmons & Feer 1997,

Eisenberg & Redford 1999). Although G.

agilis and G. microtarsus were described

nearly 150 years ago, the lack of adequate

comparisons between them has raised

doubts about their validity as species. Al-

though both Hershkovitz (1992) and Gard-

ner (1993) recognize G. agilis and G. mi-

crotarsus, the first author suggests that G.

microtarsus could be "no more than a sub-

species of G. agilis'\ while the second au-

thor states that "the forms agilis and mi-

crotarsus may prove to be conspecific".

Here we provide a phylogeographic analy-

sis of geographic samples of both G. mi-

crotarsus and G. agilis, and present mor-

phological comparisons and systematic

comments. We also include a third species

(G. aceramarcae,' a rare opossum known
only from the type locality in Bolivia [Tate

1931] and two localities in southern Peru

[Eisenberg & Redford 1999; L. H. Em-
mons, in litt.]) in the molecular analysis to

provide a more representative sampling of

the taxonomic diversity within the genus.

Methods

Molecular analyses.—Our samples con-

sist of a single specimen from Vilcabamba,

Peru, tentatively identified as G. aceramar-

cae, and 34 individuals of G. agilis and G.

microtarsus from 24 localities in Brazil

(Fig. 1), including topotypes of G. micro-

tarsus (from Ipanema, Sao Paulo; see Ap-

pendix). We also have samples from a lo-

cality in the same region where the type

specimen of G. agilis was collected (Lagoa

Santa, Minas Gerais).

We extracted DNA from frozen or etha-

nol-preserved liver tissue using the Chelex®

method (Walsh et al. 1991) and amplified

the cytochrome b (cyt b) gene by the Poly-

merase Chain Reaction (PCR), (Saiki et al.

1988) using primer pairs MVZ05 in com-

bination with MVZ04 and/or MVZ 16. The
double-strand PCR products were cleaned

using the DNeasy® Tissue Kit (QIAGEN,
Inc.) and submitted to cycle sequencing re-

actions that utilized the dRhodamine Ter-

minator Cycle Sequencing Kit and Protocol

(PE Biosystems, Inc.), and primers MVZ05,
MVZ04 and MVZ65. All sequencing was

done in an ABI Prism 377 automated se-

quencer. Sequences were aligned by eye us-

ing Sequence Navigator (Version 1.0.1, Ap-

plied Biosystems, Inc.). The data set varied

from 518 bp to 801 bp of the cyt b se-

quence, each sequence beginning with the

start codon of the gene. A Nexus file of all

sequences is available from the authors

upon request.

Relationships among different haplotypes
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RW

GSL M1-M4

Fig. 2. Thirteen cranial measurements recorded from G. agilis and G. microtarsus, as follows: GSL

—

Greatest skull length: from the most anterior margin of the rostrum to the posterior margin of the occiput. ZB

—

Zygomatic breadth: greatest breadth across the zygomatic arches. BB (measurement 7 of Tate 1933:236)

—

Braincase breadth: breadth taken above the squamosal root of the zygomatic arch. IOC—Least interorbital

constriction: minimal breadth across the roof of the skull above the orbits. RL—Rostral length: from the anterior

margin of the orbit to the midline tip of the nasals. NL—Nasal length: midline distance from anterior tip to

posterior margins of nasals. RW—Rostral width: width of the rostrum at the level of the canines. M1-M4

—

Molar toothrow length: taken on the labial margin of the toothrow from Ml to M4. LPB (measurement 1 of

Tate 1933:236)—Least pterygoid breadth: least breadth across pterygoid bones. PB (measurement 3 of Tate

1933:236)—Petrosal breadth: breadth across tympanic process of pars petrosa. ABB (measurement 2 of Tate

1933:236)—Alisphenoid bulla breadth: breadth across tympanic processes of alisphenoid. PL—Palatal length:

midline distance from the posterior margins of the first upper incisor to the posterior margin of the hard palate.

CD—Cranial depth: vertical distance between ventral margins of bullae and top of cranium.

were examined by maximum parsimony us-

ing PAUP*, version 4.0b8 (Swofford

1999). Trees were constructed using the

heuristic search option via stepwise addi-

tion, with 10 replicates and random se-

quence addition of taxa. The support for in-

ternal branches was evaluated by decay in-

dices (Bremer 1988) and bootstrap analyses
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Fig. 3. Bootstrap consensus tree based on maximum parsimony analysis of cyt b gene haplotypes (initial

801bp). Gracilinanus agilis and G. microtarsus are reciprocally monophyletic and highly divergent species. The

two clades within G. microtarsus are also highly divergent. Sequences of Marmosops incanus, Thylamys sp.,

and Marmosa murina were used as outgroups to root the tree. Bold numbers at internal nodes are bootstrap

values/decay indices; percentages are average Kimura two-parameter (K2p) distances. Voucher catalog numbers

and localities for each haplotype are given in the gazetteer and correspond to the same localities on the map in

Fig. 1. Consistency index = 0.593; homoplasy index = 0.407; retention index = 0.761.
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Table L—Kimura 2-parameter distances among cyt-b haplotypes of Gracilinanus, with Marmosops incanus

also included.

LC49 MNRJ31445 MNRJ31447 MCNM299 LCI RM26
A/, incanus G. microtarsus G. microtarsus G. microtarsus G. microtarsus G microtarsus

LC49 M. incanus

MNRJ31445 G. microtarsus 21.00%

MNRJ31447 G. microtarsus 21.00% 0.00%

MCNM299 G. microtarsus 19.01% 0.00% 0.00%

LCI G. microtarsus 17.91% 4.95% 4.95% 4.94%

RM26 G. microtarsus n.oi% 1.98% 1.98% 2.00% 3.95%

MCNM394 G. microtarsus 18.33% 2.82% 2.82% 2.80% 3.22% 3.00%

RM4 G. microtarsus 18.50% 6.32% 6.32% 6.37% 6.71% 5.76%

LPC805 G. microtarsus 20.77% 10.01% 10.01% 9.44% 9.60% 8.05%

MVZ 182056 G. microtarsus 19.77% 10.26% 10.26% 10.21% 10.36% 9.50%

LP40 G. microtarsus 19.23% 8.60% 8.60% 8.59% 9.60% 8.03%

MAM427 G. microtarsus 20.67% 10.86% 10.86% 9.81% 10.59% 9.27%

LCI 89 G. a.?///^ 19.02% 14.75% 14.75% 14.00% 16.56% 14.15%

MNRJ31396 G. agilis 18.56% 14.36% 14.36% 14.31% 15.44% 13.72%

YL64 G. ag//w 19.03% 14.75% 14.75% 14.00% 16.56% 14.14%

LPC241 G. ag?7w 19.56% 14.76% 14.76% 14.02% 16.34% 13.93%

AP22 G. ag//w 18.85% 14.59% 14.59% 13.80% 16.33% 13.93%

LPC304 G. ag///5 20.53% 15.22% 15.22% 14.53% 17.16% 16.29%

LPC599 G. agilis 19.87% 15.23% 15.23% 14.54% 16.90% 16.03%

LPC581 G. agi7/5 19.40% 15.05% 15.05% 14.31% 16.72% 15.43%

UHEC04722 G. flg///5 19.23% 14.73% 14.73% 14.15% 16.53% 15.25%

LPC476 G. ag///5 18.66% 13.72% 13.72% 13.62% 14.99% 14.28%

UHESM1759 G. ag///5 18.69% 14.58% 14.58% 13.75% 15.99% 14.79%

LPC250 G. agilis 19.72% 14.08% 14.08% 12.94% 14.98% 13.65%

UUP 1292 G. flgi/w 19.49% 14.51% 14.51% 13.20% 15.10% 13.65%

LHE1342 G. aceramarcae 19.89% 15.71% 15.71% 14.28% 15.66% 13.85%

(Felsenstein 1985), with 100 bootstrap rep-

licates each consisting of a full heuristic

search as described above. On the assump-

tion that Gracilinanus is monophyletic

(Gardner & Creighton 1989; Voss et al.

2001), all trees were rooted by including

sequences of Marmosops incanus, Marmo-
sa murina, and Thylamys sp. as outgroups.

Sequence divergence was calculated using

the Kimura two-parameter algorithm (Ki-

mura 1980) as implemented in PAUP'''.

Morphological analyses.—Statistical

analyses were performed using the com-

puter package StatView (Version 5.0, SAS
Institute Inc.). For analysis of external mor-

phological data, we used 71 specimens of

G. agilis from 10 localities, and 25 speci-

mens of G. microtarsus from 9 localities in

the states of Sao Paulo, Rio de Janeiro, and

Minas Gerais (see Appendix and Fig. 1).

External measurements (total length and

lengths of tail, ear, and hindfoot including

claws) and weight (mass) were taken from

specimen labels. We subtracted tail length

from total length to obtain the length of the

head and body. For analyses of cranial mea-

surement data, we examined 60 specimens

of G. agilis and 16 of G. microtarsus. Each

individual was classified as young or adult,

adults being defined as those individuals

possessing a complete set of teeth (includ-

ing the permanent third premolar, and four

molars). We recorded 13 cranial measure-

ments (Fig. 2) taken with digital calipers

from each individual.

Results and Discussion

Phylogenetic analysis.—The maximum
parsimony analysis resulted in 80 most-par-

simonious trees of 672 steps each, with 215

of the 801 characters parsimony-informa-
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Table 1.—Extended.

MCNM394 RM4 LPC805 MVZ 182056 LP4() MAM427
G. inicrotarsiis G. microiarsiis G. microtarsus G. inicrotarsiis G. microtarsus G. microtarsus

LC49 M. incamis

MNRJ31445 G. microtarsus

MNRJ31447 G. microtarsus

MCNM299 G. microtarsus

LCI G. microtarsus

RM26 G. microtarsus

MCNM394 G. microtarsus

RM4 G. microtarsus 6.71%

LPC805 G. microtarsus 9.16% 9.52%

MVZ 182056 G. microtarsus 9.79% 10.46% 1.34%

LP40 G. microtarsus 8.24% 8.56% 3.88% 4.39%

MAM427 G. microtarsus 9.64% 9.52% 4.60% 5.17% 1.43%

LCI 89 G. agilis 14.75% 14.10% 15.98% 14.98% 14.31% 14.80%

MNRJ31396 G. agilis 13.88% 14.38% 14.57% 14.20% 13.50% 14.79%

YL64 G. agilis 14.74% 14.09% 15.97% 14.97% 14.31% 14.80%

LPC241 G. agilis 14.69% 13.88% 15.98% 14.97% 14.33% 15.14%

AP22 G. agilis 14.54% 13.87% 15.80% 14.73% 14.10% 14.64%

LPC304 G. agilis 15.98% 16.04% 17.85% 15.78% 14.85% 16.82%

LPC599 G. agilis 15.51% 15.80% 17.43% 15.76% 14.41% 16.41%

LPC581 G. a^///5 15.71% 15.52% 16.60% 16.50% 14.58% 15.91%

UHEC04722 G. ag///^ 15.56% 15.33% 16.10% 15.82% 14.00% 15.10%

LPC476 G. fl^/7/5 14.04% 14.94% 15.76% 15.83% 14.62% 16.04%

UHESM1759 G. ag/7w 14.65% 14.69% 16.45% 15.84% 14.44% 15.76%

LPC250 G. agilis 14.01% 15.21% 16.27% 16.12% 15.11% 15.92%

UUP 1292 G. «g///5 14.43% 14.75% 16.36% 15.04% 15.09% 16.52%

LHE1342 G. aceramarcae 14.88% 1 1 .76% 15.24% 16.10% 13.86% 14.68%

tive. We present only the bootstrap consen-

sus tree (Fig. 3) since it identifies the well-

supported nodes and its topology does not

differ significantly from the strict consensus

of the most-parsimonious trees. A matrix of

Kimura 2-parameter (K2p) distances among
the 25 unique haplotypes of Gracilinanus,

plus Marmosops incanus, is given in Ta-

ble 1.

The bootstrap tree (Fig. 3) shows a basal,

unresolved trichotomy between the G. ac-

eramarcae sample, a clade from central

Brazil (Figs. 1 and 3; localities 1-11), and

a third clade formed by two groups from

eastern Brazil (Figs. 1 and 3; localities 12-

24). These three clades are highly divergent

from each other, differing by an average

K2p distance of about 15%. The two clades

from eastern Brazil [Minas Gerais (locali-

ties 1-7; Fig. 1) and Southeastern clades

(localities 8-11)] are also quite divergent

(average K2p value of 9.55%), remarkably

so considering the small geographic dis-

tances separating them. On the other hand,

there is a surprisingly amount of homoge-

neity among the samples of the Central

clade since its representatives come from

widely separated localities but are only

3.93% divergent on average. Yet, the Cen-

tral clade is divided into sub-clades: a more

divergent one encompassing the northern

part of Minas Gerais and central Bahia (lo-

calities 12-16; Fig. 1), another in the North-

east (localities 23-24), and a wide-spread

third in central Brazil in the states of Mato
Grosso, Mato Grosso do Sul, Goias and

western Minas Gerais (localities 17-22).

The bootstrap tree and the strict consen-

sus of the parsimony trees differ only in the

placement of two samples. First, G. acera-

marcae is sister to G. agilis and G. micro-

tarsus in the strict consensus tree, but with
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Table L—Extended.

LCI 89
G. agilis

MNRJ31396
G. agilis

YL64
G. agilis

LPC241
G. agilis

AP22
G. agilis

LPC304
G. agilis

LC49 M. incanus

MNRJ31445 G. microtarsus

MNRJ31447 G. microtarsus

MCNM299 G. microtarsus '-

LCI G. microtarsus

RM26 G. microtarsus

MCNM394 G. microtarsus

RM4 G. microtarsus

LPC805 G. microtarsus

MVZ 182056 G. microtarsus

LP40 G. microtarsus

MAM427 G. microtarsus

LCI 89 G. agilis

MNRJ31396 G. agilis 0.60%

YL64 G. agilis 0.00% 0.60%

LPC241 G. agilis 0.76% 1.00% 0.76%

AP22 G. agilis 0.13% 0.84% 0.13% 0.88%

LPC304 G. agilis 4.49% 3.31% 4.49% 4.83% 4.66%

LPC599 G. agilis 4.01% 3.07% 4.01% 4.34% AAMo 0.11%

LPC581 G. agilis 3.47% 3.19% 3.48% 3.74% 3.61% 1.22%

UHEC04722 G. agilis 3.34% 3.28% 3.34% 3.88% 3.47% 0.93%

LPC476 G. agilis 3.33% 3.13% 3.33% 3.30% 3.57% 2.30%

UHESM1759 G. agilis 3.48% 3.06% 3.48% 3.75% 3.61% 2.01%

LPC250 G. agilis 4.82% 4.94% 4.82% 5.38% 4.96% 4.95%

UUP 1292 G. agilis 4.30% 3.99% 4.31% 4.85% 4.44% 3.79%

LHE1342 G. aceramarcae 13.26% 14.84% 13.26% 13.59% 13.11% 14.67%

low support (bootstrap < 50%), while the

three form an unresolved polytomy in the

bootstrap tree (Fig. 3). Second, in the strict

consensus tree, the Caraga sample (locality

7; Fig. 1) falls in a trichotomy with the

Southeastern and Minas Gerais clades,

while in the bootstrap tree it joins the Minas

Gerais clade, but again with low support

(bootstrap — 64%; decay index = 0) and

high sequence divergence (6.4% on aver-

age; Fig. 3). The ambiguous position of the

Caraga sample and the degree of divergence

separating it from the remaining samples

highlight its uniqueness and indicates that

populations from this mountain range might

have been isolated for a considerable period

of time.

Taxon allocation of the phylogeographic

clades.—We identify three phylogeographic

clades of Gracilinanus in eastern and cen-

tral Brazil: Southeastern, Minas Gerais, and

Central clades (Fig. 1). The Southeastern

clade includes a specimen from Ipanema,

the type locality of G. microtarsus (locality

8; Fig. 1; Appendix) and for that reason, as

well as by comparison to the description of

the holotype given by Tate (1933:191), we
refer it to this species. The allocation of

names to the two other clades, however, is

more complicated. The name G. agilis has

been historically applied to populations in

central Brazil, from the state of Ceara in

northeastern Brazil southwest to Lagoa
Santa, and then continuing southwest, but

interior to the coastal regions of Sao Paulo,

Parana, Santa Catarina, and Rio Grande do

Sul, to the Chaco of Paraguay and Argen-

tina (Tate 1933). This range matches the

distribution of our samples from the Central

clade. However, the Minas Gerais clade in-

cludes a specimen from Lagoa Santa (lo-

cality 1; Fig. 1), the type locality of G. agil-
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Table 1.—Extended.

LPC599 LPC581 UHEC04722 LPC476 UHES1759 LPC250 ULJP1292
G. ai;ilis G. tigilis G. cigilis G. agilis G. agilis G. c/g///.'; G. c/g/7(.v

LC49 M. incanus

MNRJ31445 G. microtarsus

MNRJ31447 G. microtarsus

MCNM299 G. microtarsus

LCI G. microtarsus

RM26 G. microtarsus

MCNM394 G. microtarsus

RM4 G. microtarsus

LPC805 G. microtarsus

MVZ182056 G. microtarsus

LP40 G. microtarsus

MAM427 G. microtarsus

LCI 89 G. fl^///5

MNRJ31396 G. agilis

YL64 G. ag///5

LPC241 G. ag///5

AP22 G. ag///5

LPC304 G. fl^///5

LPC599 G. agilis

LPC581 G. «g///5 0.45%

UHEC04722 G. ag///^ 0.79% 0.88%

LPC476 G. flg///5 2.07% 2.05% 2.16%

UHESM1759 G. ag///5 1.55% 1.26% 1.39% 1.10%

LPC250 G. agilis 4.47% 3.88% 3.75% 5.07% 3.62%

UUP 1292 G. «g///5 3.31% 3.10% 2.97% 3.24% 2.84% 2.04%

LHE1342 G. aceramarcae 14.68% 14.38% 13.74% 15.83% 14.39% 14.38% 15.11%

is, which is situated on the border with the high level of divergence from topotypic G.

Central clade. To resolve this problem, we microtarsus.

compared our specimens with the descrip- The type of G. agilis is a young adult

tions of each holotype. If our specimen from Lagoa Santa, collected by H. Bur-

from Lagoa Santa is the same as Burmeis- meister and deposited at the Zoologisch

ter's type of that taxon, then G. agilis would Museum in Halle, Germany. The skin is

become the name available for the Minas mounted and the skull is in fragments, with

Gerais clade, recognized either as a separate only the rostrum and palate intact (Tate

species, or as a synonym of G. microtarsus. 1933: Plate 24, photo 215). Since we have

In either case, the Central clade, which we not seen the type material of G. agilis, the

identify, would require another name, pre- best we can do at present is to follow Tate's

sumably one of those currently listed as (1933) diagnosis. The following is his de-

synonyms of G agilis. On the other hand, scription (p. 195) of the type of G. agilis:

if the type specimen of G. agilis matches "Skin of type very faded brown. The hair

the morphology of the specimens from the rather close and even in length. Chest and

Central clade, then we are left with a de- posterior parts gray-based; throat and neck

cision to make about the Minas Gerais with self-colored hairs, buff-white. Vibris-

clade, which could be recognized as a more sae short; eye-rings elongate before and be-

interior clade of G. microtarsus or a sepa- hind, narrowed above and below. Feet

rate, undescribed species, by virtue of its small. Tail thickly covered with fine hair."
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Table 2.—Means (±SE) and ranges for selected external and cranial variables of G. agilis and G. microtarsus^

Weight in grams, measurements in millimeters.

Gracilinanus agilis Gracilinanus imicrotarsus

Character Male Female Male Female

Head and 100.0 ± 7.06 *** 89.63 ± 7.28 ** 104.0 ± 14.55 ns 95.20 ± 16.86

body length 82-115 81-108 ns 86-129 81-116

n = 44 n = 27 n = 20 n = 5

Tail length 137.91 ± 9.30 *** 123.96 ± 7.54 *** 154.20 ± 7.13 ** 140.20 ± 9.34

110-158 110-139 *** 139-167 131-155

n = 43 n = 27 n = 20 n = 5

Hind foot 16.86 ± 0.98 *** 15.63 ± 1.21 * 17.95 ± 1.39 * 15.80 ± 0.84

length 15-19 13-18 ns 15-20 15-17

n = 44 n = 27 n = 20 n = 5

Ear length 22.39 ± 1.32 ** 21.52 ± 1.01 ** 20.60 ± 1.23 * 19.20 ± 0.84

20-25 20-24 ** 19-23 18-20

n = 44 n = 27 n = 20 n = 5

Mass (g) 23.56 ± 6.01 *** 16.15 ± 2.96 ** 27.40 ± 10.62 ns 22.40 ± 10.74

15^0 13-25 ** 17-52 12-37

n = 44 n = 27 n = 20 n - 5

Greatest 28.47 ± 1.07 ^^ ^ 26.95 ± 1.08 *** 30.27 ± 1.54 * 28.29 ± 1.48

skull length 25.87-30.59 25.23-29.69 * 28.16-33.20 26-80

n = 36 n = 24 n = 12 29.75

n = 4

15.51 ± 1.24Zygomatic 15.49 ± 0.66 *** 14.63 ± 0.70 ** 16.37 ± 1.13 ns

breadth 14.32-17.00 13.68-16.65 * 14.77-18.38 14.28-16

n = 35 n = 24 12 99

n - 4

Braincase 11.40 ± 0.32 *** 11.04 ± 0.33 *** 11.94 ± 0.20 * 11.63 ± 0.20

breadth 10.75-11.91 10.23-11.59 ** 11.30-12.25 11.35-11.80

n = 36 n = 24 n = 12 n = 4

Least 4.67 ± 0.22 ** 4.46 ± 0.22 *** 5.24 ± 0.34 ns 4.98 ± 0.28

interorbital 4.20-5.06 3.96-4.86 ** 4.73-5.93 4.70-5.29

constriction n = 36 n = 24 n = 12 n = 4

Rostral length 10.75 ± 0.53 *** 10.17 ± 0.49 *** 11.55 ± 0.79 * 10.59 ± 0.96

9.29-11.56 9.28-11.03 ns 10.30-12.98 9.68-11.45

n = 36 n = 24 n = 12 n = 4

Nasal length 12.17 ± 0.61 *** 11.39 ± 0.74 ** 12.98 ± 1.04 ns 12.13 ± 1.40

10.32-13.37 10.22-13.18 ns 11.22-14.52 10.61-13.63

n = 36 n = 24 n = 12 n = 4

Rostral width 4.49 ± 0.23 *** 4.21 ± 0.26 * 4.69 ± 0.36 ns 4.43 ± 0.39

4.03^.98 3.74^.75 ns 4.32-5.46 4.03^.85

n = 36 n = 24 n = 12 n = 4

Molar toothrow 5.49 ± 0.16 ns 5.41 ± 0.15 *** 5.73 ± 0.19 ns 5.66 ± 0.20

length 5.19-5.83 5.12-5.63 ** 5.50-6.07 5.42-5.90

n = 36 n = 24 n = 12 n = 4

Least pterygoid 3.02 ± 0.21 ns 2.93 ± 0.20 *** 3.32 ± 0.14 ns 3.36 ± 0.11

breadth 2.36-3.44 2.59-3.34 ** 3.11-3.59 3.25-3.48

n = 36 n = 24 n = 12 n = 4

Petrosal 8.34 ± 0.25 ** 8.17 ± 0.20 *** 8.78 ± 0.32 ns 8.63 ± 0.38

breadth 7.81-8.84 7.79-8.45 ** 8.0-9.16 8.12-9.01

n = 36 n = 24 n = 12 n = 4

Alisphenoid bulla 9.12 ± 0.28 ns 8.96 ± 0.33 *** 9.61 ± 0.25 ns 9.31 ± 0.31

breadth 8.56-9.82 8.15-9.35 ns 9.12-10.04 9.04-9.72

n = 35 n = 24 n = 11 n = 4

Palatal length 13.89 ± 0.56 ^ ^ ^ 13.06 ± 0.67 *** 14.70 ± 0.83 * 13.75 ± 0.93

12.68-14.95 12.08-14.39 ns 13.11-16.08 12.75-14.57

n = 36 n = 23 n = 12 n = 4
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Table 2.—Continued.

Gracilinanus agilis Gracilinanus microtarsus

Character Male Female Male Female

Cranial depth 9.61 ± 0.31 ** 9.39 ± 0.34 ** 9.97 ± 0.33 * 9.57 ± 0.18

8.80-10.10 8.63-9.84 ns 9.41-10.52 9.34-9.74

n = 36 n = 24 n = 12 n = 4

^ Mean and standard deviation, with range below, for adult specimens of both sexes. The significance levels

between males and females of each species and between the two species for both males (above) and females

(below) are indicated: ns = p > 0.05; * = p < 0.05; ** = p < 0.01; *** = p < 0.001.

He then (p. 195) gives a more complete de-

scription of a specimen from Sapucay, Par-

aguay deposited at the British Museum
(now Natural History Museum of London;

BM 3.4.7.22): "Dorsal color a dull, almost

dusty shade, nearest to russet (R.) or Brus-

sels brown (R.). Color ventrally between

warm buff (R.) and cinnamon-buff (R.).

Gray-based hairs throughout, except from

upper chest to chin and around the scrotal

region. Face not markedly paler than dor-

sum; ears large, light gray-brown; vibrissae

short; feet rather pale; tail very slightly bi-

color, brown." Finally, in comparison with

G. microtarsus, Tate wrote (p. 191): ''Mi-

crotarsus is much more vividly colored

than agilis, and the spreading of the gray-

based hairs completely across the ventral

area, except for the chin, affords another

probably constant difference."

Tate's description of G. agilis fits quite

well the individuals from the Central clade,

especially the appearance and color of the

dorsal pelage, the lack of strong contrast be-

tween face and dorsum, and in the extent to

which the gray-based hairs cover the ventral

region. All seven specimens examined from

the Minas Gerais clade—including the in-

dividual from near the type locality of G.

agilis at Lagoa Santa (MNRJ 31445)—are

warm-brown on the dorsum with a much
paler face, and gray-based hairs cover most

of the underparts, except the chin. These are

features that characterize individuals of G.

microtarsus. In contrast, all 62 specimens of

the Central clade are grayish-brown and

without a sharp distinction between face and

dorsum. The gray-based hairs in the under-

parts are restricted to the lower pectoral and

abdominal area leaving upper chest, throat

and chin covered with self-colored hairs

(same color from base to tip). These and oth-

er traits (discussed below) convince us that

the specimens forming the Central clade cor-

respond to G. agilis. Despite the high ge-

netic divergence found between the South-

eastern clade and the Minas Gerais clade

(Fig. 3), and the clear geographic break sep-

arating them (Serra da Mantiqueira; Fig. 1),

at this time we allocate the Minas Gerais

clade also to G. microtarsus, since we could

find no diagnostic morphological characters

that justify specific distinction. Nevertheless,

we point out that our sample size of G. mi-

crotarsus is small and it is possible that

more individuals will provide the morpho-

logical support for distinction at the species

level. It is important to note that G. agilis

and G. microtarsus occur in near-sympatry

in the state of Minas Gerais, since both spe-

cies are now known from the general vicin-

ity of Lagoa Santa. This locality is in a con-

tact area between two biomes: the Cerrado,

which has savanna-like vegetation character-

istic of central Brazil, and the Atlantic For-

est, represented at Lagoa Santa by semi-de-

ciduous forests. Based on current distribu-

tional information, Gracilinanus agilis oc-

curs primarily in the Cerrado domain, while

G. microtarsus is an Atlantic Forest species.

In the following section we compare the

two species and give an extended descrip-

tion of both G. agilis and G. microtarsus.

Morphological comparisons.—External

body measurements: Gracilinanus agilis is

sexual dimorphic, as males are significantly
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Fig. 4. Bivariate plots comparing selected external body and craniodental measurements of Gracilinanus

agilis (open squares) and G. microtarsus (solid circles). Above left: molar toothrow length (M1-M4) versus

least pterygoid breadth (LPB) of males and females. Above right: greatest skull length (GSL) versus braincase

breadth (BB) of males. Below left: GSL versus least interorbital constriction (IOC) of males. Below right: head

and body length (HB) versus tail length (TAIL) of males.

larger than females in every trait examined

(see Table 2). Adult males range in head

and body length from 82 to 115 mm and

weigh from 15 to 40 g. Females range in

head and body length from 81 to 108 mm
and weigh from 13 to 25 g. The tail is lon-

ger in males, reaching 158 mm, while in

females the tail reaches a maximal length

of 139 mm. The ears of G. agilis are large,

averaging more than 21 mm in both sexes.

In G. microtarsus the tail, foot, and ears are

longer in males than in females, while head

and body and weight do not differ signifi-

cantly (Table 2). In comparison, G. agilis is

generally smaller than G. microtarsus, with

females of G. microtarsus almost as heavy

as males of G. agilis, and males of G. mi-

crotarsus approximately 17% heavier on

average than males of G. agilis. The tail in

G. microtarsus is also longer, by about 1 1%
more in both sexes (Table 2; Fig. 4). The

ears are the only trait that is larger in G.

agilis than in G. microtarsus, which may
be related to the warmer and drier habitats

this species occupies.

Pelage differences: In both species, the

bases of the hairs on the upper parts are

dark gray and the tips are orange to buffy.

However, in G. agilis the terminal (orange

or buffy) portion of each hair is shorter than

in G. microtarsus, giving the dorsal pelage

a more grizzled tone, while G. microtarsus

has a more uniformly colored reddish-

brown pelage (Fig. 5; Table 3). The general

color of the dorsal pelage is also paler in

G. agilis than in G. microtarsus (Fig. 5).

The fur is slightly longer and more lax in

G. microtarsus than in G. agilis, although

the series of G. microtarsus from Ipanema

have the shortest fur of all specimens ex-

amined. Although Tate (1933) emphasized

the presence of numerous over-hairs in G.
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Fig. 5. Differences in dorsal and ventral color patterns of Gracilinanus agilis and G. microtarsus. Gracili-

nanus agilis: first (LPC 599) and third (LPC 581) from left; and G. microtarsus: second (LPC 805) and fourth

(LC 1 ) from left. Note the grizzled and paler dorsal pelage of G. agilis, and the ventral gray-based hairs extending

to the throat in G. microtarsus. Note also the sharp contrast between face and body in G. microtarsus, and the

gradual change in G. agilis.

microtarsus, making the pelage "rough or

shaggy-looking", our specimens appear

smooth-coated.

The general color of the ventral fur is

yellowish cream in both species, but as

mentioned above, the gray-based hairs of

G. agilis are restricted to the lower pectoral

and abdominal area, leaving the upper

chest, throat and chin self-colored (Fig. 5).

Also, the gray tone on the venter is slightly

paler than that of the dorsum, making the

gray color less evident. Individuals from the

two more interior clades of G. agilis have

the underparts of the arms also self-colored.

Gracilinanus microtarsus, in turn, has gray-

based hairs throughout the ventral parts, ex-

cept on the chin (Fig. 5), and the gray tone

of the venter is as dark as it is in the dor-

sum, making it obvious. Apparently, the

population of G. microtarsus in the type lo-

cality is an exception to this generality.

Among the series of six topotypes we col-

lected, one individual has the self-colored

area restricted to the chin; three individuals

have the self-colored hairs reaching the up-

per chest; and the last individual has the

self-colored hairs reaching as far as the

lower abdominal area. Tate's description

(1933:191) of the type specimen of micro-

tarsus is "Undeiparts cinnamon-buff, the
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Table 3.—Diagnostic characters of G. agilis and G. microtarsus.

Character G. agilis G. microtarsus

External

appearance of dorsum

pelage

spreading of gray-based

hairs across the ventral

area

ocular-mark

face

ears

tail

Cranial

posterolateral vacuities on

palate

grizzly grayish-brown

throughout, except from upper

chest to chin (underparts of

arms also often self-colored)

thin, small and not extending to

nose and ears

not markedly paler than dorsum;

transition is gradual, not sharp

contrast with the rest of body

larger; >21 mm in average

shorter; <140 mm in average

size larger or comparable to that

of the posteromedial vacuities

uniform reddish-brown

variable, but usually throughout

except for the chin

broad, large, and extending to

nose and ears

markedly paler than dorsum, pro-

ducing a sharp contrast with

the rest of body

smaller; <21 in average

longer; >140 mm in average

always smaller than posteromedi-

al vacuities

Fig. 6. Side view of the heads of Gracilinanus

agilis, above (LPC 599), and G. microtarsus, below

(LPC 805), showing the differences in size and shape

of the ocular mask.

hairs gray-based, and only those of the chin

self-colored", although he also recognized

some variation since on page 189 he wrote:

"underparts, posterior to the throat, with the

hairs entirely gray-based". Intraspecific

variation is also found in G. agilis: the se-

ries of 13 individuals from Crato (locality

23) are even paler than the remaining spec-

imens of this species, the color of the dorsal

region approximating a grayish tone and the

self-colored parts in the underparts being

whitish cream.

The ocular ring in G. microtarsus is

broad and very dark (Fig. 6); the face is

distinctly paler than the body—approxi-

mately the same color as the cheeks—re-

sulting in a sharp contrast between the face

and body (Fig. 5). Although the mask is

also prominent in G. agilis, it is thinner and

antero-posteriorly restricted (Fig. 6); the

face is not as pale—the color on top of the

head is darker than the cheeks—and the

transition between the face and body is

gradual (Fig. 5).

Cranial differences: When comparing G.

microtarsus and G. agilis Tate (1933:191)

observed that "The skulls are extremely

alike, differing solely in finer detail". The

only differences he pointed out were the
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Fig. 7. Ventral and dorsal views of skulls of Gracilmanus agilis to the left (LPC 307, from Nova Ponte,

Minas Gerais), G. microtarsus from the Minas Gerais clade (YL 1 , from Santa Rita de Jacutinga, Minas Gerais)

in the middle, and a topotype of G. microtarsus from the Southeastern clade to the right (MVZ 197436, from

Ipanema, Sao Paulo). Scale bar = 5 mm. Note the larger posterolateral palatal foramina in G. agilis, when
compared to the size of the posteromedial vacuities.
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longer tooth rows of G. microtarsus, its

somewhat broader and shorter pterygoids

and proportionately greater breadth across

the pars petrosa. While we confirmed Tate's

findings with confidence for both males and

females (Table 2; Fig. 4), we also detected

additional differences. Skulls of G. micro-

tarsus are longer (Figs. 4 and 7), and they

also have a wider braincase, wider zygo-

matic arches, and broader interorbital re-

gion (Table 2; Fig. 4). Although the small

number of females of G. microtarsus com-

promises our statistical analyses, there is a

significant difference between males of

both species in all remaining traits exam-

ined (Table 2), despite a comparable range

of age classes.

In terms of qualitative characters, the size

of the posterolateral foramina of the palate

is comparable to that of the posteromedial

vacuities in G. agilis, being proportionally

larger than in G. microtarsus in which they

are always smaller than the posteromedial

vacuities (Fig. 7). Incipient postorbital pro-

cesses can be present in both species, con-

trary to Hershkovitz's (1992) observation

that both species lack them.

Conclusion

Gracilinanus agilis and G. microtarsus

appear to represent valid species, distin-

guishable by morphological and molecular

characters, with levels of sequence diver-

gence equivalent to those separating each of

them from a third species, G. aceramarcae.

In short, these two do not even form a well-

supported sister-pair within the genus, even

with the very limited number of taxa sam-

pled. However, it is also possible that the

samples we allocate to G. microtarsus in

fact represent two separate species, as in-

dicated by the cyt b data. Verification of

this hypothesis will have to wait until more
samples are available.
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Appendix

Gazetteer.—Localities from which we examined

material of Gracilinanus for this study are listed by

species and numbered to correspond with the mapped
points in Fig. 1 and the labeled terminals in Fig. 3.

Voucher numbers for specimens examined are given

parenthetically for each locality; those marked with an

asterisk correspond to haplotypes used in the molecu-

lar analysis, and boldface place names are used to label

the tree. Specimens examined are deposited in the col-

lections of the Museum of Vertebrate Zoology, Uni-

versity of California, Berkeley (MVZ); Museu de

Zoologia da Universidade de Sao Paulo (MZUSP);

Museu Nacional, Rio de Janeiro (MNRJ); and Museu
de Ciencias Naturals da Pontificia Universidade Ca-

tolica de Minas Gerais (MCN); and Museo de Historia

Natural, Universidad Mayor de San Marcos, Lima,

Peru (MUSM). Specimens identified by other prefixes

correpond to collector's field number: AP (Adriano

Pagha), CEMIG (Luiz Fernando B. M. Silva), RM
(Raquel Moura) to be deposited at the Departamento

de Zoologia, Universidade Federal de Minas Gerais,

Belo Horizonte; LC and LPC ^Leonora Pires Costa),

LP (Luciana Pereira), UUPI (Maria Jose de J. Silva)

and YL (Yuri Leite) to be deposited at one of the

above Brazilian institutions; and UHECO and UHESM
(Nelson da Silva) to be deposited at the Universidade

Catolica de Goias, Brazil.

Gracilinanus microtarsus

1 Fazenda das Bicas, 7.8 km (by rd.) SSE Lagoa

Santa, Minas Gerais, Brazil, 19°38'S, 43°53'W

(MNRJ 31445*).

2 Esta^ao de Pesquisas de Peti (CEMIG), 10 km (by

rd.) Sao Gongalo do Rio Abaixo, Minas Gerais,

Brazil, 19°49'S, 43°21'W (MNRJ 31447*, CEMIG
51).

3 Parque das Mangabeiras, Belo Horizonte, Minas

Gerais, Brazil, 19°55'S, 43°56'W (MCN 299*).

4 Cruzeiro, 8 km NE Santa Rita de Jacutinga, Minas

Gerais, Brazil, 22°5'S, 44°2'W 560 m (LC 1*, LC
2, YL 1).

5 Jurumirim, Minas Gerais, Brazil, 20°8'S, 42°4rw
(MCN 394*).

6 Parque Estadual do Rio Doce, 13 km E Marlieria,

Minas Gerais, Brazil, 19°43'S, 42°39'W 300 m
(MVZ 197587*).

7 Parque do Cara^a, 25 km SW Santa Barbara, Mi-

nas Gerais, Brazil, 20°5'S, 43°30'W 1300 m (RM
4*).

8 Floresta Nacional de Ipanema, 20 km NW Soro-

caba, Sao Paulo, Brazil, 23°26'7"S, 47°37'41"W

701 m (LPC 801*, LPC 820-822. MVZ 197463).

This is the historical site of "Ypanema", the type
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locality of G. microtarsus, where the collector, Jo-

hann Natterer, lived and worked (see Papavero

1971, Vanzolini 1993), and renamed as a formal

conservation unit by IBAMA on May 20, 1992.

9 Fazenda Intervales, Base do Carmo, 5.5 km S Ca-

pao Bonito, Sao Paulo. Brazil, 24°20'S, 48°25'W

700 m (MZUSP 29158-29161, MZUSP 29165,

MVZ 182054, MVZ 182055, MVZ 182056*,

MVZ 182057).

10 Vila Dois Rios, Ilha Grande, Angra dos Reis, Rio

de Janeiro, Brazil, 23°9'S, 44°14'W (LP 40*).

1

1

Estagao Biologica de Boraceia, Sao Paulo, Brazil,

23°39'S, 45°54'W 850 m (MZUSP 29162, MZUSP
29163*, MZUSP 29164).

Gracilinanus agilis

12 Ponte do Colatino, margem esquerda do Rio Je-

quitinhonha, Coronel Murta, Minas Gerais, Brazil,

16°36'S, 42°12'W (LC 189*).

13 Vargem do Retiro, Ribeirao Mascates, Parque Na-

cional da Serra do Cipo, Minas Gerais, Brazil,

19°14'S, 43°33'W 800 m (MNRJ 31396*).

14 Parque Estadual do Rio Preto, 15 km S Sao Gon-

galo do Rio Preto, Minas Gerais, Brazil, 18°9'S,

43°23'W 950 m (YL 64*, LC 71).

15 Fazenda Corredor, Bocaiuva, Minas Gerais, Brazil,

17°22'14"S, 43°52'16"W (AP 22*).

16 Fazenda Santa Rita, 8 km E Andarai, Bahia, Brazil,

12°48'6"S, 41°15'41"W 399 m (LPC 241*).

17 Mata do Vasco, 12 km W Nova Ponte, Minas Ger-

ais, Brazil, 19°10'15"S, 47°42'29W 878 m (LPC

296-299, LPC 304*, LPC 305-307, LPC 309-311,

LPC 314-316, LPC 318, LPC 324, LPC 325, LPC
327-328, LPC 330-331, LPC 339-340, MVZ
197438-197446, 197451-197453, 197473, 197649-

197652, 197654-197657).

1

8

Rio Miranda, above Passo do Lontra, Mato Grosso

do Sul, Brazil, 19°34'35"S, 56°55'44"W 100 m
(LPC 599*, LPC 602, MVZ 197455).

19 Base de Pesquisa do Pantanal—CENAP/IBAMA,
110 km SSW Pocone, Mato Grosso, Brazil,

17°7'12"S, 56°56'47"W 98 m (LPC 581*, MVZ
197454).

20 Usina Hidreletrica de Corumba, 30 km SE Caldas

Novas, Goias, Brazil, 18°0'S, 48°30'W (UHECO
4722*).

21 Fazenda Lagoa Bonita, 36 km N Barra do Gargas,

Mato Grosso, Brazil, 15°34'50"S, 52°22'29"W 331

m (LPC 476*).

22 Usina Hidreletrica de Serra da Mesa, Serra da

Mesa, Goias, Brazil, 13°50'S, 48°18'W (UHESM
1759*).

23 Chapada do Araripe, 7 km SW Crato, Ceara, Bra-

zil, 7°16'39"S, 39°27'3"W 960 m (LPC 243, LPC
244, LPC 249, LPC 250*, LPC 251, LPC 269-

271, LPC 276-277, LPC 294, MVZ 197447-

197450, MVZ 197647-197648).

24 Estagao Ecologica de Urugui-Una, Piaui, Brazil,

8°50'S, 44°10'W (UUPI 292*).

Gracilinanus aceramarcae

25 Cordillera de Vilcabamba, La Convencion (Camp

1), Junin, Peru, 11°39'56"S, 73°38'31"W (MUSM
13002*).
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10. Cyanomyia salvini Brewster, 1893, is an intergeneric hybrid of

Amazilia violiceps and Cynanthus latirostris

Gary R. Graves

Department of Systematic Biology, MRC-1 16, National Museum of Natural History,

P.O. Box 37012, Smithsonian Institution, Washington, D.C. 20013-7012, U.S.A.

Abstract.—Cyanomyia salvini Brewster, 1893, collected in Sonora, Mexico,

is shown to be a hybrid between Amazilia violiceps ellioti and Cynanthus

latirostris magicus, whose breeding ranges overlap extensively in northwestern

Mexico. This specimen represents the only known intergeneric hybrid between

species currently placed in Amazilia and Cynanthus (Sibley and Monroe 1990).

The unique type of Cyanomyia salvini

Brewster, 1893, was collected by John C.

Gaboon at Nichosari, Sonora, Mexico, on

31 March 1887. Early references treat C.

salvini as a valid species (Boucard 1895,

Ridgway 1911, Gory 1918, Simon 1921),

although only Ridgway 's entry indicated a

personal examination of the specimen.

Griscom (1934:378) proposed a hybrid or-

igin for C salvini in his revision of Ama-
zilia violiceps:

"By inference I had always doubted the existence

of another species of this genus [Amazilia] in So-

nora. Geographically and faunally there is no basis

for one, and the failure to duplicate the type in over

40 years has further significance, and in part at least

strengthens this view. My late esteemed colleague

Outram Bangs always supposed that salvini was of

hybrid origin. A careful study of the color and struc-

tural characters of the type convinces me that Cy-

anomyia salvini Brewster is a hybrid between Ama-
zilia violiceps conjuncta [= Amazilia violiceps el-

lioti] and Cynanthus latirostris Swainson."

Griscom's brief description was insufficient

to make a convincing case for hybridiza-

tion, but Peters (1945) and Phillips (1964)

cited Griscom's treatment without substan-

tive comment. A second hypothesis was in-

troduced in a succinct footnote by Fried-

mann et al. (1950), who suggested that Cy-

anomyia salvini is an aberrant example of

Amazilia violiceps. This idea was later en-

dorsed by Weller & Schuchmann (1997)

and Weller (1999), but neither of these ref-

erences provided corroborating evidence.

As a consequence, the taxonomic status of

Cyanomyia salvini is still in doubt. Here I

provide a taxonomic assessment of Cyano-

myia salvini employing the methods and as-

sumptions outlined in Graves (1990) and

Graves & Zusi (1990), as modified by the

findings of Graves (1998, 1999b).

Methods

The type of Cyanomyia salvini, (J. C. Ga-

boon field number 505), originally part of

the William Brewster Gollection (No.

24,124), was eventually cataloged in the

Museum of Gomparative Zoology, Harvard

University (received in 1918, No. 224,124).

The type was sexed as 6 on the Brewster

Gollection label and appears to be in defin-

itive plumage as judged by the absence of

striations on the maxillary ramphotheca, the

absence of distinctive buffy feather tips on

the dorsal plumage, and the presence of a

strongly iridescent coronal patch. Descrip-

tions in this paper refer to definitive male

plumage. I compared the type of Cyano-

myia salvini with specimen series of Calyp-

te annae, C costa, Selasphorus platycercus,

S. rufus, S. sasin, Stelhila calliope. Archil

-

ochus alexandri, Calothorax luciferi. He-
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Table 1.—Ranges (mean ± standard deviation) of measurements (mm) of wing chord, bill length, and

rectrix length (Rl—R5) of adult males of AmazHia violiceps ellioti, Cynanthus latirostris magicus and a probable

hybrid, Amazilia violiceps ellioti X Cynanthus latirostris magicus (= type of Cyanomyia salvini Brewster, 1893;

MCZ 224, 124).

Character

Amazilia
violiceps

N = 15-17

Cynanthus
latirostris

N = 14-15
Cyanomyia

salvini

Wing 53.5-56.1

(54.6 ± 0.7)

Bill 20.1-22.5

(21.4 ± 0.6)

Rl 26.3-29.3

(28.2 ± 0.8)

R2 28.0-30.5

(29.4 ± 0.9)

R3 28.3-31.4

(30.1 ± 1.0)

R4 28.3-32.5

(30.7 ± 1.1)

R5 28.8-32.6

(30.7 ± 1.2)

48.4-

(50.4 d

18.7-
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liomaster constantii, Eugenes fulgens, Lam-
pornis clemenciae, Amazilia beryllina, A.

violiceps (including the type of Amazilia

violiceps conjuncta Griscom, 1934; MCZ
No. 224,112), Hylocharis leucotis, and Cy-

nanthus latirostris magicus, all of which

occur in Sonora, Mexico (Friedmann et al.

1950, Howell & Webb 1995), in the collec-

tions of the Museum of Comparative Zo-

ology. Because the generic allocation of

species traditionally placed in Amazilia by

Peters (1945) is in flux, I use the species

taxonomy of Sibley & Monroe (1990). De-

tailed descriptions and photographs of the

type of Cyanomyia salvini were compared

with series of the aforementioned species in

the National Museum of Natural History,

Smithsonian Institution, and with a sup-

posed immature specimen of Cyanomyia
salvini collected at Palmerlee, Cochise

County, Arizona, on 5 July 1905 (Bishop

1906). The latter specimen (Field Museum
of Natural History 160,998; wing chord =

53.4 mm; bill length = 21.2; R4 = 29.7;

R5 = 29.9) appears to be a female Amazilia

violiceps and will not be further discussed.

Measurements were taken with digital

calipers and rounded to the nearest 0. 1 mm:
wing chord; bill length (from anterior ex-

tension of feathers); and rectrix length

(from point of insertion of the central rec-

trices to the tip of each rectrix) (Table 1).

Pairs of rectrices are numbered from the in-

nermost (Rl) to the outermost (R5). Scatter

plots of measurements and least squares re-

gression lines were used to illustrate size

differences among specimens.

General color descriptions presented in

Appendix 1 were made under natural light.

I evaluated the color of the medial vane of

the dorsal surface of Rl (7 mm from tip)

with a calibrated colorimeter (CR-221
Chroma Meter, Minolta Corporation)

equipped with a 3.0 mm aperture. The mea-

suring head of the CR-221 uses 45° circum-

ferential illumination. Light from the pulsed

xenon arc lamp is projected onto the spec-

imen surface by optical fibers arranged in a

circle around the measurement axis to pro-

vide diffuse, even lighting over the mea-

suring area. Only light reflected perpendic-

ular to the specimen surface is collected for

color analysis. Colorimetric data from iri-

descent feathers are acutely dependent on

the angle of measurement, the curvature of

plumage surfaces in museum skins, and the

degree of pressure applied to the plumage

surface by the Chroma Meter aperture. In
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Fig. 1. Lateral views of males in definitive plumage: Amazilia violiceps ellioti (top), Cynanthus latirostris

magicus (bottom), and a probable hybrid. Amazilia violiceps ellioti X Cynanthus latirostris magicus (= type of

Cyanomyia salvini Brewster, 1893; MCZ 224,124).

order to reduce measurement variation, I

held the aperture flush with the rectrix sur-

face without depressing it. The default set-

ting for the CR-221 Chroma Meter displays

mean values derived from three sequential,

in situ measurements. I repeated this pro-

cedure twice (five times for the type of Cy-

anomyia salvini), removing the aperture be-

tween trials. Thus, each datum summarized

in Table 2 represents the mean of 6 (paren-

tal species) or 15 (type of C. salvini) in-

dependent colorimetric measurements.

Colorimetric characters were described in

terms of opponent-color coordinates (L, a,

b) (Hunter & Harold 1987). This system is

based on the hypothesis that signals from

the cone receptors in the human eye are

coded by the brain as dark-light (L), green-

red (fl), and blue-yellow {b). The rationale

is that a color cannot be perceived as red

and green or yellow and blue at the same

time. Therefore "redness" and "green-

ness" can be expressed as a single value,

a, which is coded as positive if the color is

red and negative if the color is green. Like-

wise, "yellowness" or "blueness" is ex-

pressed by b for yellows and —b for blues.

The third coordinate, L, ranging from to

100, describes the "lightness" of color; low

values are dark, high values are light. The

more light reflected from the plumage, the

higher the L value will be. Visual systems

in hummingbirds (e.g.. Goldsmith & Gold-

smith 1979) differ significantly from those

of humans and the relevance of opponent

color coordinates to colors perceived by
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WING
Fig. 2. Bivariate plots of measurements (see Table

1): Amazilia violiceps ellioti (hollow triangle), Cynan-

thus latirostris magicus (A), and a probable hybrid,

(i^) Amazilia violiceps ellioti X Cynanthus latirostris

magicus (= type of Cyanomyia salvini Brewster, 1893;

MCZ 224,124).

hummingbirds is unknown. In any case, the

L, a, b color system permits plumage color

to be unambiguously characterized for tax-

onomic purposes.

Results and Discussion

I considered three hypotheses proposed

by previous authors

—

Cyanomyia salvini

represents (1) a hybrid, Amazilia violiceps

X Cynanthus latirostris, (2) an aberrant ex-

ample of Amazilia violiceps, or (3) a valid

species. For brevity I use the epithet, sal-

vini, in the remainder of the paper.

I found no evidence that salvini repre-

sents a subdefinitive plumage or geographic

variant of any known taxon. The possibility

that salvini represents an aberrant plumage

of Amazilia violiceps can be rejected be-

cause salvini has substantially shorter

wings. All evidence is consistent with the

hypothesis that salvini represents an inter-

generic hybrid, Amazilia violiceps X Cy-

nanthus latirostris. Several characters of

salvini facilitate the identification of its pa-

rental species (Appendix 1): (a) brilliant

bluish-purple crown; (b) white chin, throat,

midline of breast and abdomen white; (c)

greenish-blue subterminal spots or bars on

white feathers at the lateral margins of the

throat and upper breast; and (d) absence of

rufous or buff pigmentation on the second-

aries or rectrices (Fig. 1).

Here I present a synopsis of the critical

steps of the hybrid diagnosis. The pool of

potential parental species may be quickly

narrowed by focusing on the white ventral

plumage of salvini. Among the potential pa-

rental species that occur in Sonora, Mexico,

only Amazilia violiceps possesses white

ventral plumage from chin to undertail co-

verts. Bluish-green spotting on the lateral

margins of the chin, throat, and breast

feathers of salvini were inherited from the

other parental species. Both Amazilia ber-

yllina and Cynanthus latirostris have green

or bluish-green plumage from chin to upper

breast. Because brown or reddish-brown

pigments appear to exhibit consistent pen-
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etrance in hummingbird hybrids (Banks &
Johnson 1961, Graves & Newfield 1996),

A. beryllina can be eliminated from further

consideration because the secondaries and

rectrices of salvini lack buff or rufous pig-

ment. Only one pair of species (A. violiceps

X C. latirostris) could have contributed the

unique combination of characters exhibited

by salvini (Appendix 1).

Hybridization of Amazilia violiceps with

any of the small gorgeted species (i.e., Ca-

lypte annae, C. costa, Selasphorus platy-

cercus, S. rufus, S. sasin, Stellula calliope,

Archilochus alexandri, Calothorax lucifer)

would likely produce offspring with one to

many iridescent gorget feathers (Graves &
Zusi 1990; Graves 1996, 1999a). In a sim-

ilar fashion, Lampornis clemenciae (bril-

liant gorget and large white tail spots), Eu-

genes fulgens (brilliant gorget and black

breast and abdomen), Hylocharis leucotis

(white postocular stripe and black chin and

auriculars), and Heliomaster constantii

(brilliant gorget and semi-concealed white

rump patch) are unlikely to be a parental

species because they each possess a suite of

plumage characters not observed, even as

traces, in salvini.

As a second step, I tested the restrictive

hypothesis with an examination of size and

external proportions (Fig. 2). Measurements

of trochiline hybrids fall within the men-
sural ranges exhibited by their parental spe-

cies as a consequence of a polygenic mode
of inheritance (Banks & Johnson 1961).

Measurements of Amazilia violiceps ellioti

and Cynanthus latirostris overlap in four of

the seven characters and the percent differ-

ence in character means is modest (larger

species divided by smaller): wing chord

(8.3%), bill length (5.4%), Rl (18.5%), R2
(14.0%), R3 (5.2%), R4 (0.3%), and R5
(5.9%). Measurements of salvini fall at or

between the character means (or 1.0 mm
less than the mean value for R4 of A. viol-

iceps) of the postulated parental species,

and, in several cases, approximate the val-

ues predicted by least squares regression.

Rectrix color values in salvini fall between
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Fig. 3. Bivariate relationships of L, a, b color co-

ordinates: Amazilia violiceps ellioti (hollow triangle),

Cynanthus latirostris magicus (A), and a probable hy-

brid {ik), Amazilia violiceps ellioti X Cynanthus lati-

rostris magicus (= type of Cyanomyia salvini Brew-

ster, 1893; MCZ 224,124).

the character means of the postulated pa-

rental species (Table 2, Fig. 3).

In summary, evidence obtained from

plumage color and pattern, as well as from

external size and shape, is consistent with

the hypothesis that Cyanomyia salvini is an

intrageneric hybrid between Amazilia viol-

iceps ellioti and Cynanthus latirostris mag-
icus, whose breeding ranges overlap exten-

sively in northwestern Mexico. Cyanomyia
salvini Brewster, 1893, is thus available in

taxonomy only for the purposes of hom-
onymy.
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Appendix 1

Comparative description of selected characters of

adult male Amazilia violiceps ellioti, Cynanthus lati-

rostris magicus, and a probable hybrid, A. violiceps

ellioti X C. latirostris magicus (= Cyanomyia salvini

Brewster; MCZ 224,125). Descriptions of structural

colors are unusually subjective, as color seen by the

observer varies according to the angle of inspection

and direction of light. For this reason I use general

color descriptions.

The forecrown and crown of violiceps exhibit bril-

liant bluish-purple iridescence when viewed head-on

in direct light. The remainder of the dorsum from hind-

neck to the rectrices is grayish-olive; the transition be-

tween the purple crown and olive hindneck is abrupt.

The back, shoulders, upper tail coverts, and central

rectrices are faintly glossed with silvery-green when
viewed head-on. The rectrices are unmarked.

Feathers of the forecrown and crown of latirostris

(to a point immediately posterior of the eyes) are dark

green, margined with bronze giving the forehead and

frontal part of the crown a dull appearance. The re-

mainder of the dorsum from hindcrown to rump is

glossy green (showing scattered bluish-green, brilliant-

ly iridescent feather barbs when viewed head-on). Up-

pertail coverts are darker, contrasting slightly with the

green rump and the bluish-black rectrices. The outer

two or three pairs of rectrices (R3, R4, R5) are nar-

rowly tipped with gray.

The crown of salvini is intermediate in appearance

between that of violiceps and latirostris, showing a

mixture of deep blue, purplish-blue iridescence, be-

coming greener toward the posterior of the coronal

area. The intensity of iridescence increases posteriorly

from the forecrown to center of the crown (viewed

head-on). This bluish-green iridescence at the posterior

edge of the coronal area blends into deep bluish-green

on the hindneck and back, changing to dull green on

the lower back and rump. The back and scapulars of

salvini appear bluer than those of either parental spe-

cies. This seems to be another example of the "blu-

ing" phenomenon observed in some hummingbird hy-

brids (Graves 1998, 1999b). The intensity of irides-

cence on the lower back of salvini is intermediate be-

tween that observed in the postulated parental species.

There is no appreciable contrast between uppertail co-

verts and rectrices in salvini. The rectrices are inter-

mediate in color between those of latirostris and viol-

iceps (Table 2). The outer rectrices (R4, R5) of salvini

are worn and appear to be retained from a subdefinitive

plumage. Rl and R2 are fresh and unworn, whereas

the tip of R3 is slightly worn. Wing coverts and flight

feathers of salvini are intermediate in color and degree

of melanism to those of violiceps and latirostris.

The ventral plumage of violiceps is snowy white

from chin to undertail coverts. Feathers on the chin,

throat, and upper breast are pure white to the base,

with only a few pale gray barbs at the base of the

rachises.

The chin and upper throat of latirostris are deep

purple (extending laterally to the auriculars and eye-

ring), blending into dark bluish-green on the lower

throat; this latter color continuing posteriorly to the

vent. A few feathers in the chin are fringed with white.

Feather disks from chin to vent exhibit iridescent high-

lights when viewed head-on. Vent feathers are white.

Undertail coverts of latirostris are gray, paling to white

at the distal margins (most coverts are gray along the

rachis to the tip). Some shorter coverts have an oval

gray subterminal spot.
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The chin and throat of salvini are white but basal

feather barbs are much grayer than in violiceps. The

auriculars are iridescent purple and greenish-purple

(posteriorly). Feathers at the sides of the throat have

purple (anterior) or purplish-green (posteriorly) subter-

minal bars, imparting a spotted appearance to the sides

of the throat. This spotting coalesces on the sides of

the breast to form an incomplete pectoral band formed

of white feathers with large subterminal greenish-blue

or greenish-purple disks. The sides of salvini are dark

bluish-green (about the same color as in latirostris).

The tendency toward an incomplete pectoral band is

present in violiceps in the form of grayish-olive sides,

with scattered weakly iridescent, pale bluish-green

feather disks. However, the medial extension of darker

feather tips observed in violiceps never reaches the ex-

tent observed in salvini. The few undertail coverts re-

maining on the specimen of salvini are pure white.

The bill of violiceps is dull grayish-yellow (red in

life) tipped with dark brown or blackish-brown (<15%
of the bill length). Bill color in latirostris is similar

but the dark tip is more extensive. The pattern of pig-

mentation in salvini is intermediate of that observed in

adult male specimens of violiceps and latirostris.
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A new species of caracara (Milvago) from Quaternary asphalt

deposits in Cuba, with notes on new material of Caracara creightoni

Brodkorb (Aves: Falconidae)
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Abstract.—An extinct caracara, Milvago carbo, new species, is described

from Quaternary asphalt deposits of Las Breas de San Felipe, northern Matan-

zas Province, Cuba, from tarsometatarsi, tibiotarsi, and a notarium. This species

was much larger than other species of the genus, living or extinct. New material

of the extinct species Caracara creightoni provides additional information on

its characters and distribution.

Resumen.—Se describe una nueva especie de caraira, Milvago carbo, sobre

la base de tarsometatarsos, tibiotarsos, y un notarium, procedentes de Las Breas

de San Felipe (depositos cuaternarios de asfalto), al norte de la provincia de

Matanzas, Cuba. Esta especie era mayor que las demas conocidas del genero,

vivientes o extinguidas. Nuevo material de la especie extinta Caracara creigh-

toni suministra informacion adicional sobre sus caracteres y distribucion.

The caracaras (Caracarinae = Polybori-

nae auct.) comprise 10 species of mainly

terrestrial Falconidae found throughout the

Neotropics and in southern Florida and in

temperate southern South America. The
larger species are at least partly scavengers

with somewhat vulture-like habits. The
only living representative of the group in

the West Indies is the widespread Crested

Caracara, Caracara cheriway Jacquin,

found in Cuba and the Isle of Pines (now

Isla de la Juventud) (American Ornitholo-

gists' Union 1998, Raffaele et al. 1998).

The Cuban populations cannot be distin-

guished from those of the mainland and are

thought to result from a relatively recent

colonization of the island (Suarez and Ol-

son 2001).

Despite their modern paucity, the fossil

record indicates that caracaras were much
more diverse in the West Indies in the Qua-

ternary. Caracara creightoni Brodkorb
(1959b) is known from the Quaternary of

New Providence Island, Bahamas (Olson

and Hilgartner 1982), and of Cuba (Suarez

and Olson 2001). Caracara latebrosus Wet-

more (1920) from Puerto Rico is enigmatic

as it is known so far only from two bones

that are not particularly diagnostic (Olson

1976). A caracara from Grand Cayman re-

ported as C creightoni (Morgan 1994), is

too large for that species but smaller than a

very large, nearly flightless caracara discov-

ered on Jamaica (Olson, unpublished data).

Smaller caracaras of the genus Milvago

have hitherto been known in the West In-

dies only from Hispaniola, home to Milva-

go alexandri Olson (1976), a species about

the size of the living M. chimachima. The

latter species, essentially South American in

distribution, expanded into southern Costa

Rica from Panama about 1973 (Stiles and

Skutch 1989), but probably once occurred

throughout Middle America and southern

North America because it is known from

the Pleistocene of Florida. The Florida fos-
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sils were originally described as Falco

readei Brodkorb (1959a), which was trans-

ferred to Milvago by Campbell (1980), and

then synonymized with M. chimachima by

Emslie (1998). Fossils of Milvago of about

this size have also been recovered from

Cuba (Suarez and Arredondo 1997), but

those known so far are too incomplete to

be diagnostic at the specific level (Suarez

and Olson, pers. obs.).

During the processing of bird fossils

from asphalt deposits of Las Breas de San

Felipe, northern Matanzas Province, Cuba
(see Iturralde-Vinent et al. 2000), new evi-

dence of yet another species of caracara

came to light. Although of relatively large

size, this species is nevertheless referable to

the genus Milvago. We also report previ-

ously unknown skeletal elements of Cara-

cara creightoni from additional localities in

Cuba.

Methods and comparative material ex-

amined.—Measurements were taken with

digital calipers to the nearest 0.1 mm. Os-

teological terminology follows Howard
(1929) and Baumel and Witmer (1993).

Skeletons of Caracarinae examined at the

National Museum of Natural History,

Smithsonian Institution, Washington, D.C.

(USNM), include the following species:

Milvago chimango (7), M. chimachima (8),

Daptrius ater (5), D. americanus (2), Phal-

coboenus australis (5), P. carunculatus (1),

P. megalopterus (1), Caracara plancus (7),

C. cheriway (12), and C lutosa (1). Fossil

specimens examined included: Milvago al-

exandri, holotypical right tarsometatarsus

USNM 214573, Haiti, Hispaniola; Milvago

sp., proximal end of left tarsometatarsus,

collection of William Suarez, La Habana,

Cuba (WS 977); Caracara creightoni, dis-

tal end of right tibiotarsus lacking posterior

rim of internal condyle, Museo Polivalente

de Sagtia La Grande, Villa Clara, Cuba
(MPSG 83), complete left tarsometatarsus

MPSG 103, and distal half of left tarso-

metatarsus MPSG 106, Cuba. The descrip-

tion and illustrations of the extinct caracara

Milvago brodkorbi' Campbell (1979), of

Peru, were also used for comparison.

Systematics

Class Aves
Family Falconidae

Fossils were referred to the Falconidae

instead of Accipitridae by the characteristic

three openings on the distal portion of the

tibiotarsus; tarsometatarsus with medial cal-

caneal ridge of the hypotarsus longer and

centrally placed rather than short and me-
dial. Referral to the subfamily Caracarinae

instead of Falconinae is indicated by the

short hypotarsus, with an abruptly truncate

distal margin, rather than being long and

tapering gradually down the shaft as in the

Falconinae.

Genus Milvago Spix, 1826

The new species is referred to Milvago

rather than to Caracara, Daptrius, or Phal-

coboenus by having the tarsometatarsus

very slender, trochlea for digit 2 broad at

base, rotated slightly posteriad and with

posterior wing straight, projecting posteri-

orly perpendicular to the main axis of the

shaft (see Campbell 1980).

Milvago carbo, new species

(Fig. 1)

Holotype.—Nearly complete right tarso-

metatarsus, Museo Nacional de Historia

Natural, La Habana, Cuba (MNHNCu
P4569), lacking most of the posterior edge

of the medial calcaneal ridge and part of the

outer cotyla. Collected by members of the

Geology and Paleontology Group of the

MNHNCu, during field expeditions in

1998.

Type locality and age.—Cuba, Matanzas

Province, Municipality of Marti, 5.5 km
west of the town of Marti, asphalt deposit

known as Las Breas de San Felipe, San Fe-

lipe II site (Instituto Cubano de Geodesia y
Cartografia 1986, 1:50,000 map, sheet Mar-

ti 4084-IV, X502, Y347). Quaternary, prob-
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Fig. 1. Tarsometatarsi in anterior, posterior, and medial views: A, Milvago chimango (USNM 18473); B,

Milvago carbo, new species, holotype, MNHNCu P4569 (specimen coated to enhance photography); C, Cara-

cara creightoni MPSG 103 (image reversed to facilitate comparison). Scale = 2 cm.

ably late Pleistocene or early Holocene; not

directly dated (for description, associated

fauna, and discussion of the age of the de-

posit, see Iturralde-Vinent et al. 2000).

Measurements (mm) of holotype.—Total

length, 85.7; least width and depth of shaft,

4.5 X 3.6; distal breadth, 3.0; width and

depth of trochlea for digit 3, 4.6 X 6.1.

Topotypical paratypes.—Fragmentary

notarium MNHNCu P4567; distal ends of

left tibiotarsi MNHNCu P4568, MNHNCu
P4570, MNHNCu P4571; proximal half of

left tarsometatarsus lacking part of the me-

dial and lateral calcaneal ridges MNHNCu
P4572; shaft of left tarsometatarsus

MNHNCu P4573; proximal right tarso-

metatarsus MNHNCu P4574; distal halves

of right tarsometatarsi MNHNCu P4575,

MNHNCu P4576 (abraded); distal ends of

left tarsometatarsi MNHNCu P4577,

MNHNCu P4578.

Etymology.—L. carbo, charcoal, coal,

from the black color of the tar-impregnated

fossils.

Diagnosis.—Much larger than any other

species of the genus Milvago living or ex-

tinct (Table 1).

Description.—Notarium large, slender

and laterally compressed (smaller, relatively

shorter but also compressed in Milvago chi-

machima and M. chimango). Although the

tibiotarsus is large, no qualitative characters

could be discerned, as this element shows

great intraspecific variation in Milvago

(Emslie 1998). Tarsometatarsus large with

the flattened medial (inner) surface angled

towards the midline of the posterior face so

that the posterior crest that it forms is near

the midline and nearly continuous with the

medial calcaneal ridge, and the posterior

metatarsal groove is narrow, as in M. chi-

mango, and as opposed to M. chimachima.
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M. alexandri, and M. brodkorbi, in which

the posterior crest is offset medially and the

groove is wider. The roughly triangular ex-

cavation lying medial and distal to the hy-

potarsus is short in M. carbo and M. chi-

mango, and longer, extending farther down
the shaft in M. chimachima, M. alexandri,

and M. brodkorbi. Trochlea for digit 2 very

wide and very excavated medially in pos-

terior view, in this respect resembling the

species of Phalcoboenus. Distal foramen

high, more proximal on the shaft (similar to

M. chimachima and M. alexandri, as op-

posed to the more distal placement in M.

chimango, and M. brodkorbi).

Remarks.—The much greater diversity of

the family Falconidae in the Quaternary of

the West Indies than at present is again in-

creased with the addition of Milvago carbo.

This is the second fossil species of Milvago

known in the Greater Antilles, and the third

overall. Milvago brodkorbi Campbell

(1979), from the Talara Tar Seeps, Peru, is

larger than M. alexandri Olson (1976) of

Hispaniola, but both would have been

dwarfed by M. carbo.

The Cuban species Milvago carbo and

Falco kurochkini Suarez and Olson (2001),

the latter of the subfamily Falconinae, agree

in the marked elongation of the tarsometa-

tarsus. Of the two living species of Milva-

go, M. chimango, which ranges from south-

ern Brazil and Chile south to Tierra del

Fuego, has a long and slender tarsometatar-

sus and occurs in open country, whereas M.

chimachima, which ranges from Panama
and Costa Rica southward east of the Andes
to northern Argentina, has a shorter tarso-

metatarsus and is more arboreal in habits

(Vuilleumier 1970). From its size and the

proportions of its tarsometatarsus, M. brod-

korbi appears to be a trans-Andean repre-

sentative of M. chimango.

Milvago carbo would probably have

been at least as terrestrial in habits as M.

chimango or M. brodkorbi but was much
larger. The total length of its tarsometatar-

sus is between that of Caracara creightoni

(smaller) and C cheriway (larger), but be-

cause it is much more gracile, M. carbo

probably took smaller prey than either.

Genus Caracara Merrem, 1826

Caracara creightoni Brodkorb, 1959

(Fig. 2; Table 2)

Referred material.—Las Breas de San

Felipe II, municipality of Marti, Matanzas:

fragmentary anterior half of notarium

MNHNCu P4579, 4 distal ends of left

MNHNCu P4580-83 and two distal ends of

right tibiotarsi MNHNCu P45 84-85, 6 dis-

tal ends of right MNHNCu P4586-91 and

two distal ends of left tarsometatarsi

MNHNCu P4592-93. Cueva de Paredones,

about 3 km SE of Ceiba del Agua, munic-

ipality of Caimito, La Habana: complete

left femur WS 1933. Cueva de Sandoval,

about 4 km south of Vereda Nueva, munic-

ipality of Caimito, La Habana: proximal

end of right humerus WS 1035 and proxi-

mal end of right femur WS 587.

Comparisons with other species of Ca-

racara.—The fragment of notarium agrees

with Caracara in the less laterally com-

pressed anterior vertebrae, unlike Milvago,

in which these vertebrae are greatly com-

pressed and thin anteriorly. It differs from

C. plancus, C. cheriway, and C lutosa in

its relatively small size and by the lower

position of the foveae costales. The proxi-

mal end of the humerus is smaller with a

capital groove that is thin, rather than wide

as in Milvago. The femur is similar to that

in the species of Caracara, but differs spe-

cifically from C plancus, C cheriway, or

C lutosa in being smaller, with a very thin

shaft at the midpoint and relatively wide

proximal and distal ends (Table 2). The

head of the femur is not reflected proxi-

mally; the pneumatic foramen is large; the

external condyle is thin and more vertical;

and the intercondylar sulcus is wider. Thus

this specimen agrees with two portions of

femora recorded by Suarez and Anedondo
(1997) as C. creightoni, but not further de-

scribed by Suarez and Olson (2001) be-

cause of their fragmentary condition.

The additional tarsometatarsi of C.
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Fig. 2. Left femora (A, B) and right humeri (C, D) of Caracara: A, C creightoni WS 1933; B, C cheriway

USNM 19670; C, C. creightoni WS 1035; D, C. cheriway USNM 19670. Scale = 2 cm.

creightoni from Las Breas de San Felipe

indicate points of distinction not previously

mentioned by Suarez and Olson (2001): the

trochlea for digit 2 is reduced and not ro-

tated posteriad, as opposed to being larger

and more posteriorly rotated in Caracara

plancus, C. cheriway, and C. lutosa. This

character is present in all specimens avail-

able and does not represent intraspecific

variation as we first supposed.

Table 2.—Measurements (mm) of the humerus and femur in fossil and living species of Caracara. Sequence

is: range (mean) n.

Measurement C. creightoni C cheriway C plancus C. lutosa

Humerus

Depth of the head 5.7 5.9-7.2 (6.7) 13 6.0-8.8 (7.1) 7 7.0

Least width of shaft 7.1 7.3-8.3 (7.7) 12 7.4-9.8 (8.3) 7 8.4

Femur

Length 65.6 68.4-76.8 (72.0) 12 66.1-80.8 (73.6) 7 71.1

Proximal breadth 13.7, 14.4 13.2-15.2 (14.3) 12 13.2-18.5 (15.4) 7 14.8

Least width of shaft 6.2 6.8-8.2 (7.5) 12 6.9-8.8 (7.6) 7 7.5

Least depth of shaft 5.8 6.2-7.4 (6.9) 12 5.9-8.4 (7.0) 7 7.0

Distal breadth 13.7 13.4-16.4 (15.0) 12 13.7-18.4 (15.7) 7 16.0
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Remarks.—Remains of Caracara creigh-

toni occurred together with Milvago carbo

at Las Breas de San Fehpe in a small area

of less than 2 m- (Suarez, pers. obs.). Al-

though fossils of all known extinct Cuban
scavenging birds occur at Las Breas, no re-

mains of Caracara cheriway have been

found there (Suarez, in prep.). The distal

end of a left tarsometatarsus from a cave

deposit in La Habana Province that Jimenez

(1997) recorded as Caracara plancus

{= cheriway), was re-examined (WS) and

found to agree with C. creightoni instead.

Possibly C. cheriway reached Cuba after

Europeans introduced domestic animals

that provided similar ecological conditions

to those that may have been lost following

the extinction of most of the large endemic

mammals of the West Indies at the end of

the Pleistocene and early in the Holocene.
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A new species of penguin (Spheniscidae: Spheniscus)

and other birds from the late Pliocene of Chile

Steven D. Emslie and Carlos Guerra Correa

(SDE) Department of Biological Sciences, University of North Carolina, Wilmington,

North Carolina 28403, U.S.A., email: emslies@uncwil.edu;

(CGC) Instituto de Investigaciones Oceanologicas, Universidad de Antofagasta, Casilla 170,

Antofagasta, Chile, email: cguerra@uantof.cl

Abstract.—We describe a new species of penguin, Spheniscus chilensis, from

Cuenca del Tiburon, late Pliocene, northern Chile. This species was found in

association with a small species of cormorant, Phalacrocorax sp., and a cara-

cara, Milvago sp., and is the first Pliocene penguin to be described from South

America. Other vertebrates at this site include fish, sharks, and cetaceans. An
extensive invertebrate fauna, including the late Pliocene muricid gastropod

Herminespina mirabilis, also is present. The avifauna suggests a low diversity

of seabirds existed in northern Chile from the late Pliocene to the present,

unlike the much higher diversity found in Patagonia in the late Oligocene/early

Miocene.

The coastal region of southern Peru and

northern Chile is well known for its mas-

sive layers of marine shell beds exposed in

cliffs. Geologic studies of these beds have

provided considerable information on ma-

rine faunas in the Miocene through late

Pleistocene of this region. Previous inves-

tigations in Chile have concentrated on the

age and structure of the invertebrate faunas,

and eustatic changes in sea level in corre-

lation with tectonic uplift (Herm 1969,

1970; Tsuchi et al. 1988; Padilla & Elgueta

1992). Deposition of these beds occurred

over a period of millions of years in coastal

forearc basins, the eastern sections of which

were later uplifted during crustal deforma-

tions of the continental margin (Dunbar et

al. 1990). Extensive and diverse deposits of

late Pleistocene marine mollusks also occur

throughout this region (Ortleib et al. 1994).

In 1994, we visited an exposure of ma-
rine shell beds on the Peninsula de Mejil-

lones and approximately 14 km northwest

of the Antofagasta airport and 6 km from

the coast (Fig. 1). Here, over 10 m of ma-
rine sediments are exposed on eroded

slopes of valleys and hills that contain

abundant marine mollusks. The upper lay-

ers of these exposed sediments also contain

numerous sharks' teeth, fish bones, and

fragmentary and complete bones of marine

mammals and birds. This fossil exposure

lies within the upper beds of the Caleta

Herradura de Mejillones Formation

(23°21.453"S; 70°32.06r'W), dating to the

late Pliocene (Tsuchi et al. 1988). In addi-

tion, the fossils were found in association

with the muricid gastropod Herminespina

mirabilis, which is only known from the

late Pliocene of Peru and Chile (DeVries &
Vermeij 1997).

The area of concentration of the verte-

brate fossils, known locally as Cuenca del

Tiburon, is particularly rich in birds. Doz-

ens of disarticulated bones of a single spe-

cies of penguin (Spheniscidae) and a small

cormorant (Phalacrocoracidae) are scattered

on the surface, having eroded from exposed

layers of shell beds nearby. Fossils of this

penguin originally were found by one of us

(CGC) at the locahty in 1980. We visited

the site twice in 1994 and once in 1997 to
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Fig. 1. Map showing the location of Cuenca del Tiburon on the Peninsula de Mejillones, northern Chile.

collect additional material of this and other

birds that are presented here.

All the disarticulated penguin material

appears to represent a new species of pen-

guin that is referable to Spheniscus by the

relatively long and slender mandibular

shaft, humerus with relatively deep proxi-

mal end and large pneumatic fossa that is

weakly bipartite, proximal shaft slightly an-

gled internally and not straight, and tarso-

metatarus relatively short and broad with

external proximal foramen equal or larger

and placed slightly higher on shaft than in-

ternal foramen. The fossil material most

closely approaches the living S. humboldti

and S. magellanicus in size and proportions,

but differs from all species in this genus by

distinct characters of the humerus and other

postcranial elements. These comparisons

indicate that the fossils represent a new spe-

cies of penguin that is described herein; fos-

sils of two other taxa of birds associated

with the penguin material also are identi-

fied.

Materials and Methods

Measurements and comparisons of Re-

cent skeletons of penguins were completed

in the collections of the Florida Museum of

Natural History (FLMNH), Gainesville,

and the American Museum of Natural His-

tory (AMNH), New York. Fossil material

was examined at the Museo de La Plata

(MLP), Argentina, the Universite Claude

Bernard Lyon 1, France, and at AMNH.
Measurements were taken with Vernier cal-

ipers to the nearest 0.1 mm and are self-

descriptive. Measurements of the humerus

include greatest length (GL), proximal

breadth and depth (PB, PD), least breadth

and depth of shaft (LBS, LDS), and distal

breadth and depth (DB, DD). Terminology

follows that of Howard (1929) and Simpson

(1946).

Fossil specimens reported here are

housed at the Museo Geologico Prof. Hu-

merto Fuenzahda V., Universidad Catolica

del Norte (UCN), Antofagasta, Chile, or at
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FLMNH where they are catalogued with

University of Florida (UP) numbers.

Systematic Paleontology

Class Aves

Order Sphenisciformes

Pamily Spheniscidae

Spheniscus chilensis, new species

Pig. 2

Holotype.—complete left humerus,

UCN-1-130697 (Pig. 2A). Collected by

Carlos Guerra Correa, 1980. Cast of spec-

imen housed at PLMNH, UP 143300.

Paratypes.—2 left mandibles missing

ends, UP 144101, 144153; cervical verte-

bra, UP 144102; 2 right scapulae, UP
143296-143297; right coracoid, 144154

(Pig. 2B); four right coracoids missing ster-

nal ends, UP 144124-144125, 144155-

144156; shaft of right coracoid, UP
144103; two left humeri, UP 144104-

144105; 6 left humeri missing proximal

ends, UP 144106, 144126, 144157-144159,

144171; 4 right humeri, UP 143295,

144107-144109; 3 right humeri missing

proximal ends, UP 144127-144128,

144160; left radius, UP 144129; 6 right ra-

dii, UP 143299 (Pig. 2C), 144110, 144130-

144133; 3 left ulnae, UP 144134, 144161-

144162; right ulna, UP 144163; 3 left car-

pometacarpi, UP 143298 (Pig. 2C), 144111,

144135; 5 right carpometacarpi, UP
144112, 144136-144138, 144164; wing
phalanx, UP 144139; synsacrum, UP
144113; proximal end of synsacrum, UP
144147; left femur with ends damaged, UP
144165; proximal left femur, UP 144114;

left femur missing proximal end, UP
144140; 3 distal halves left femora, UP
144115, 144141, 144148; distal end left fe-

mur, UP 144166; right femur, UP 144116

(Pig. 2D); two right femora missing proxi-

mal ends, UP 144117, 144149; 2 right fem-

ora missing distal ends, UP 144118-
144119; distal end right femur, UP 144167;

shaft of right femur, UP 144142; two distal

left tibiotarsi, UP 144150, 144168 (Pig.

2D); proximal end right tibiotarsus, UP

144169; distal shaft of right tibiotarsus, UP
144143; shaft of right tibiotarsus, UP
144170; right fibula, UP 144144; 3 left tar-

sometatarsi with damaged proximal ends,

UP 143293-143294, 144120.

Type locality and horizon.—Cuenca del

Tiburon Possil Locality, Peninsula de Me-
jillones, Chile, late Pliocene (upper beds,

Caleta Herradura de Mejillones Pormation,

Tsuchi et al. 1988). This is the only locality

in which the fossil species occurs.

Diagnosis.—Humerus with deep fossa at

proximal anconal surface below head (fossa

is shallow in Spheniscus humboldti, S. de-

mersus, and S. mendiculus, shallow to mod-
erately deep in S. magellanicus), relatively

smaller and narrower entepicondylar pro-

cess (broad and rounded in all living Sphen-

iscus), relatively slender shaft similar to S.

magellanicus and S. demerus (more robust

in S. humboldti; Table 1), and distal end

with or without pneumatic fossa in distal

view (no fossa present in all living Sphen-

iscus). Tibiotarsus with relatively larger dis-

tal foramina and broader distal external

shaft than in all living Spheniscus. Tarso-

metatarsus with shallow anterior grooves

below proximal foramina (grooves deep in

all Recent Spheniscus). The ulna, radius,

carpometacarpus and femur of the fossil

species show minor differences with the

living species.

Etymology.—Named after Chile, the

country in which the fossil site is located.

Description.—The fossil material most

closely approaches the living S. humboldti

and S. magellanicus in size and proportions,

but differs from all species in this genus by

distinct characters of the humerus and tar-

sometatarsus. The fossil species is slightly

smaller than Spheniscus humboldti and sim-

ilar in size to S. magellanicus (Table 1).

Only one other fossil species is known, S.

predemersus from the early Pliocene of

South Africa (Simpson 1971). The humerus

of that species, however, is much longer

(length, 84.7 mm) and more slender in the

shaft (medial breadth, 8.6 mm) than S. chi-

lensis (Table 1, plus see measurements in
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B

Fig. 2. Fossil specimens of Spheniscus chilensis from Cuenca del Tiburon: (A) holotype left humerus, UCN-
1-130697, in palmar (left) and anconal (right) view; (B) dorsal view of right coracoid, UF 144154; (C) anconal

view of right radius (left), UF 144110, and internal view of left carpometacarpus (right), UF 144111; (D)

posterior view of right femur, UF 144116 (left), and anterior view of distal left tibiotarsus, UF 144168. Scale

bar = 1 cm.
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Simpson 1971, table 1). A large unde-

scribed species of penguin close to Sphen-

iscus is known from the late Miocene/Pli-

ocene Pisco Formation, Peru (Cheneval

1993). Bones of this species were examined

at the Universite Claude Bernard Lyon 1,

France, and differ by their greater size, hu-

merus with more strongly bipartite pneu-

matic fossa (see Simpson 1946 for descrip-

tion of this character) and deeper medial

fossa, and broad and rounded entepicon-

dylar processes. Another fossil penguin

from the late Miocene to middle Pliocene

Bahia Inglesa Formation in north-central

Chile was referred to cf. Spheniscus sp. and

described as very similar to S. humboldti,

but at least 25% larger (Walsh & Hume
2001) and could not be referable to S. chi-

lensis.

Other fossil penguins that have been de-

scribed from South America are restricted

to the late Oligocene/early Miocene of Pa-

tagonia where nine species and four genera

are known from this region (Simpson 1946,

1972; Tonni 1980). Species in the genera

Arthrodytes and Paraptenodytes are rela-

tively large penguins with the largest {A.

grandis) near the size of the modern Em-
peror Penguin {Aptenodytes forsteri). In

these genera, the humerus has a relatively

straight shaft and, in Paraptenodytes, the

tarsometatarsus is relatively long and slen-

der. A partial associated skeleton of P. an-

tarcticus (AMNH 3338) and several isolat-

ed bones of P. robustus were examined at

AMNH and found to differ from Sphenis-

cus chilensis in the characters above and by

their greater size and robustness.

Two proximal humeri (AMNH 3341 and

3346) of Chubutodyptes biloculata differ

from Spheniscus chilensis by their larger,

more robust size, presence of a strongly bi-

partite pneumatic fossa, and relatively lon-

ger and deeper bicipital furrow. Numerous
specimens of Palaeospheniscus patagoni-

cus and P. wimani at AMNH and MLP ap-

proach the size of S. chilensis, but are more

robust and have a distinctly bipartite pneu-

matic fossa on the humerus. The tarsometa-

tarsus of this genus also is relatively long

and slender with the medial proximal fo-

ramen greatly reduced or absent.

Order Pelecaniformes

Family Phalacrocoracidae

Genus Phalacrocorax Brisson, 1760

Referred material.—right coracoid miss-

ing ends, UF 144122; distal left humerus,

UF 144151; proximal half left ulna, UF
144123; proximal end right ulna, UF
144152; left carpometacarpus with ends

damaged, UF 144146; right carpometacar-

pus, UF 144145.

Measurements.—Ulnae, UF 144123 and

144152: PB, 9.3 and 9.4 mm; PD, 8.1 and

8.5 mm, respectively. Carpometacarpus, UF
144145: GL, 50.1 mm; PB and PD, 5.3 and

10.6 mm; LBS and LDS, 3.7 and 2.8 mm.
UF 144146: GL, 48.3 mm; LBS and LDS,
3.5 and 2.8 mm.

Discussion.—This material is from a

small species of cormorant, near the size of

the living Phalacrocorax brasilianus. It is

possible that it represents an undescribed

species, but the material is too fragmentary

for systematic analysis with other fossil and

living species. Another small cormorant is

known from the late Miocene/Pliocene Pis-

co Formation, Peru (Cheneval 1993). An
ulna and carpometacarpus (both catalogued

as AGL PPI 139) of this species were ex-

amined at the Universite Claude Bernard

Lyon 1, France, and found to be slightly

larger and more robust than the Cuenca del

Tiburon material. In addition, the proximal

ulna (PB and PD, 10.0 and 9.3 mm) has a

relatively broader impression of brachialis

anticus and the carpometacarpus (GL, 51.8;

PB, 5.7 mm; LBS and LDS, 5.5 and 5.3

mm) has a proximal end with a relatively

deeper intercondylar fossa in anterior view

compared to the Cuenca del Tiburon ma-

terial. A distal humerus from a larger cor-

morant, near the size of P. bougainvilli,

also is known from the Bahia Inglesa For-

mation in north-central Chile (Walsh &
Hume 2001). It was not examined here, but
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Fig. 3. Distal left tarsometatarsus, UF 144121, of

Milvago sp. Scale bar = 1 cm.

is considered too large to represent the fos-

sil species at Cuenca del Tiburon.

Order Accipitriformes

Family Falconidae

Genus Milvago Spix, 1824

Fig. 3

Referred material.—Distal left tarso-

metatarsus missing external trochlea, UF
144121.

Description.—The specimen is referable

to Falconidae by the presence of two open-

ings of the distal anterior foramen and by

the morphology of the distal trochlea. It dif-

fers from Falco in lacking a long posterior

ridge extending distally from the hypotarsus

to nearly ^A the length of the shaft and is

most similar to Milvago and Polyborus in

this feature. Polyborus and M. chimachima

have only a single opening for the distal

anterior foramen. The specimen is most

similar to M. chimango in this feature and

in size, but the fossil differs in having more
robust trochleae similar to M. chimachima.

UF 144121 also is similar to M. chimachi-

ma is having only a single opening of the

anterior distal foramen. It may represent an

undescribed species of Milvago, but addi-

tional specimens are needed.

Discussion.—Three fossil species have

been described in this genus: Milvago read-

ei, from the late Pleistocene of Florida

(Brodkorb 1959; Campbell 1980) which

has been synonymized with the living M.

chimachima by Emslie (1998), and M. al-

exandri and M. brodkorbi from the late

Pleistocene of Haiti (Olson 1976) and Peru

(Campbell 1980), respectively. These last

two species were not examined here, but M.

brodkorbi is much larger than M. chima-

chima (Campbell 1980) and probably does

not represent the fossil species from Cuenca

del Tiburon.

Discussion

Only one other marine Pliocene fossil lo-

cality is known in Chile, also on the north-

ern Coast. Walsh & Hume (2001) reported

a marine avifauna within the Bahia Inglesa

Formation, near Copiapo dating to the late

Miocene to middle Pliocene based on as-

sociated shark teeth, diatoms, and forami-

niferans. This deposit contained the earliest

records of a cormorant (Phalacrocorax sp.)

and penguin (cf. Spheniscus sp.) in Chile,

as well as several other species of seabirds,

sharks, fish, reptiles, and marine mammals.
Cuenca del Tiburon is now the second ma-

rine deposit that also contains fossil sharks,

fish, marine mammals, and birds. The ver-

tebrate fauna other than birds remains

largely unstudied. The sharks represented at

this site include Carcharodon carcharias,

Carcharias sp., and Carcharhinus sp., plus

mouth plates from unidentified Myliobati-

dae. In addition, there are at least two large

species of bony fish (Osteichthyes), two

small species of dolphin (Odontoceti), one

small baleen whale (Balaenopteridae), and

one sea lion (Otariidae) (G. Morgan, pers.

comm.).

Based on this fauna, as well as inverte-

brate taxa, the Cuenca del Tiburon deposit

represents a nearshore marine community,

including both sandy subtidal (from the
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presence of Perna, Glycymeris, and Cho-

rus) and rocky intertidal zones (from the

presence of Trochita and several barnacle

genera). Most of the shells appear to have

been transported a short distance before de-

position occurred, based on leaching and

abrasion plus the lack of paired valves (R.

Portell, pers. comm.). The penguin remains

also exhibit moderate wear and abrasion in-

dicating that they are in a secondary site of

deposition.

The fossil record of penguins has been

reviewed by Simpson (1946) and Fordyce

and Jones (1990). Spheniscus chilensis is

the first fossil penguin to be described from

Chile and from the Pliocene of South

America. One other fossil species within

this genus was described by Simpson

(1971) from the early Pliocene of South Af-

rica. Olson (1983), however, reviewed this

and three other taxa named by Simpson

from this locality and concluded that they

all belong to either one extinct genus or

represent a primitive form of Spheniscus. In

South America, at least nine fossil species

have been described from the rich late Ol-

igocene/early Miocene Patagonia Forma-

tion of Argentina (see reviews by Simpson

1946 and Tonni 1980), and one from the

early Miocene of the Pisco Formation in

southern Peru (Cheneval 1993).

The material from Cuenca del Tiburon

suggests that a low diversity of penguins

occurred on the west coast of South Amer-

ica, similar to today and unlike the earlier

fossil record in Argentina and South Africa.

This relative low diversity of penguins and

other seabirds appears to have persisted

along the Chile and Peruvian coasts for mil-

lions of years. In Patagonia, penguin diver-

sity has declined considerably since the ear-

ly Miocene as only one species {S. magel-

lanicus) breeds in that region today, while

only two species are found along the Chi-

lean and Peruvian coasts {S. magellanicus

and S. humboldti). Future investigations of

fossil deposits in northern Chile are needed

to further understand the paleoceanographic

conditions that prevailed during the Plio-

cene.
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Abstract.—A new species of frog of the genus Leptodactylus is described

from eastern Brazil. The new species differs little morphologically from L.

latinasus, but the advertisement calls are very different. The geographic dis-

tribution of L. latinasus and the new species, together with the respective levels

of differentiation of morphology and call, is mirrored in the species pair L.

bufonius and L. troglodytes. Presumably the same historical event or events

lead to differentiation of these species pairs.

In a revision of the Leptodactylus fuscus

species group (Heyer 1978), Leptodactylus

latinasus was characterized as having a ma-
jor distribution pattern in Argentina, Uru-

guay, and the State of Rio Grande do Sul,

Brazil and a few disjunct localities in east-

em Brazil. The late Dr. Adao J. Cardoso

recorded the advertisement call of a male L.

latinasus from the State of Bahia in Brazil

and brought the recording to the attention

of WRH, pointing out that its call was very

different from the other known recordings

of L. latinasus from Argentina and Rio

Grande do Sul, Brazil. More recently, FAJ
collected a series of specimens of this east-

ern Brazil form from the fossil sand dune

region of Bahia. The purpose of this paper

is to describe the eastern Brazilian popula-

tion currently identified as L. latinasus as a

new species and provide new field obser-

vations for the taxon.

Materials and Methods

All specimens of the new species in the

MZUSP, UEFS, and ZUEC collections

(museum abbreviations follow Leviton et

al. 1985 with UEFS being the Universidade

Estadual de Feira de Santana) were bor-

rowed and data were taken from them. Data

for Leptodactylus latinasus are those used

in Heyer (1978) with some additional data

for eye-nostril distance, tympanum diame-

ter, and belly patterns (data for these char-

acters were not evaluated in the study pub-

lished as Heyer 1978).

Measurement data include snout-vent

length (SVL), head length, head width, eye-

nostril distance, thigh length, shank length,

and foot length, following Heyer et al.

(1990) except for the eye-nostril distance

being measured by calipers as the distance

from the anterior corner of the eye to mid-

nostril and the tympanum diameter being

measured by calipers as the maximum di-

ameter of the tympanum including the an-

nulus.

Measurement data were analyzed using

the software program SYSTAT 10 for prin-

cipal component analysis (Stenson and Wil-

kinson 2000) and discriminant function

analysis (Engelman 2000).

The advertisement call analyzed of the

new species is USNM recording 234, cut 1,

from Joazeiro, Fazenda Mary, Bahia, Bra-
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zil, 7 March 1990, air temperature 26°C,

1910 h, voucher ZUEC 8833, by Adao J.

Cardoso. All calls were recorded from the

single voucher specimen. Call rate was

based on eight samplings of the recording

for a total of 396 calls. Other call parame-

ters are evaluated from analysis of 10 calls.

For comparative purposes, a recording of

Leptodactylus latinasus, USNM recording

19, cut 1, from Embarcacion, Salta, Argen-

tina, 22 December 1971, air temperature

22°C, time not noted, unvouchered, by W.

Ronald Heyer, was analyzed. Call rate was

based on three samplings of the recording

for a total of 57 calls. Other call parameters

are evaluated from analysis of seven calls

(non-overlapping calls in a chorus) with fil-

ter bandpass settings of 600 and 1 1 ,205 Hz.

Advertisement calls were analyzed using

Canary 1.2 software (Charif et al. 1995).

The calls were digitized at a sample rate of

22,050 Hz, sample size of 16 bits. Call

component terminology follows Duellman

and Trueb (1986) and Heyer et al. (1990).

Call duration was measured from the wave-

form. Dominant frequency was determined

using the spectrum analysis in Canary with

settings of analysis resolution filter band-

width 349.70 Hz, frame length 256 points,

grid resolution time 128 points, overlap

50%, frequency 43.07 Hz, FFT size 512

points, window function hamming, ampli-

tude logarithmic, clipping level —80 dB.

Minimum and maximum call frequencies

were measured from the audiospectrogram

display (spectrogram in Canary terminolo-

gy) using settings of analysis filter band-

width 174.85 Hz, frame length 512 points,

grid resolution 256 points, overlap 50%,
frequency 43.07 Hz, FFT size 512 points,

window function hamming, amplitude log-

arithmic, clipping level —80 dB, display

style smooth. Call amplitude modulation

was evaluated from visual inspection of ex-

panded waveform displays. Harmonics
were determined using both expanded wave
form displays and power spectrum analysis

displays.

Advertisement Calls

The call of the new species is given at

an average rate of 160/min. The call dura-

tion ranges from 64 to 77 ms. Each call has

7—8 distinct pulses (Fig. 1), given at a rate

between 102 to 109 pulses/sec. The domi-

nant frequency for the entire call has two

peaks (Fig. 2), the slightly less loud peak

ranges from 1072 to 1121 Hz, the loudest

peak ranges from 1543 to 1648 Hz. The call

is frequency modulated as rising from the

beginning of the call to a maximum fre-

quency at about Vs the call duration, then

slightly falling to the end of the call; the

lowest dominant frequency ranges from 934

to 963 Hz, the highest dominant frequency

ranges from 1543 to 1648 Hz. There are no

indications of harmonic structure in the call.

(Fig. 3).

The call of the new species is dramati-

cally different from the call of Leptodac-

tylus latinasus in terms of amplitude struc-

ture (Fig. 1, distinct pulses present in the

new species, absent in L. latinasus) and fre-

quencies (Fig. 3, Table 1). The call of the

new species from Ibiraba, Brazil sounds

very similar to Cardoso's recording from

Joazeiro, Brazil, and very different from the

calls of Argentinian recordings of L. lati-

nasus and L. fuscus, another species in the

same species group that occurs in some of

the same localities as the new species (FAJ,

pers. obs.) The differences between the

calls of the new species and L. latinasus

convincingly demonstrate that they repre-

sent two distinct species.

Morphology

The following variation occurs in the

new species.

Dorsal patterns include well-defined to

weakly defined single or double mid-dorsal

dark chevrons (as in Heyer 1978, Fig. lA,

C, p. 3), chaotically placed small to medi-

um sized dark markings, or almost uniform.

A very interrupted light or dark mid-dorsal

pin stripe is present or absent.

Lip stripes range from a light stripe well-
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Fig. 1. Wave form of advertisement call of Leptodactylus latinasus (a) and the new species from eastern

Brazil (b); scale bars = 0.02 sec.

defined both above and below from the tip

of the snout passing under the eye and con-

tinuing under the tympanum onto the com-

missural gland to indistinct or indiscernible.

All of these conditions occur in specimens

from Ibiraba, Bahia; all but one of nine

specimens from Itiiiba, Bahia have well-de-

fined stripes.

All but one specimen were scored as hav-

ing a distinct light stripe on the lower face

of each posterior thigh surrounded by irreg-

ularly shaped broad dark outlines with the

rest of posterior thigh having a relatively

uniform scattering of melanophores to a

mottled pattern. One specimen from Ibira-

ba, Bahia has a series of light spots, rather

than a continuous light stripe.

The upper shanks have irregularly shaped

dark transverse bands.

The specimens from Ibiraba, Bahia have

a greater development of belly pattern than

observed from other localities. The Ibiraba

specimens range from having an almost

uniform distribution of densely packed me-

lanophores (pale to the eye, but melano-

phores distinct under magnification), a var-

iegated pattern of melanophores, to groups

of melanophores scattered over the belly.

Specimens from the other localities either

lack a belly pattern, have a weakly varie-

gated pattern of melanophores, or have only

a few scattered melanophores lateralmost

on the belly.

Many individuals lack any indication of

dorsolateral folds. Several individuals have

very interrupted folds from the eye to the

sacrum. One individual has a very inter-

rupted fold from the eye to the groin. Most
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Fig. 2. Power spectrum of advertisement call of new species of Leptodactylus from eastern Brazil.
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eastern Brazil (b).
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individuals have complete to broken lateral

folds.

The upper tibia has scattered to many
distinct white tubercles. Twenty of 21 spec-

imens have many distinct white tubercles

on the outer tarsal surface and sole of foot.

One individual has scattered distinct white

tubercles on the outer tarsal surface.

Males range from 32.1 to 36.9 mm SVL
(n = 8), females 36.2 and 39.1 mm (n =

2).

The dorsal pattern, lip stripes, posterior

thigh pattern, upper shank pattern, mid-dor-

sal pin stripes, upper shank texture, outer

tarsal texture, and sole of foot texture traits

are indistinguishable between the new spe-

cies and L. latinasus.

Belly pattern data were not taken for the

Heyer (1978) study. WRH examined bellies

of all USNM specimens of L. latinasus

from Argentina, Uruguay, and Rio Grande

do Sul, Brazil. Forty-nine individuals lack

any belly pattern. One specimen from Ar-

gentina (USNM 319587) and two speci-

mens from Uruguay (USNM 535968,

539970) have a few melanophores on the

lateralmost venter and/or in the arm inser-

tion portion only of the venter. One indi-

vidual from Uruguay (USNM 535969) has

a pair of small blotches just behind the arm

on the sides of the chest. None of the Ar-

gentina, Uruguay, or Rio Grande do Sul,

Brazil specimens examined have as exten-

sive venter patterns as found in some indi-

viduals of the new species.

Body fold development was not scored

in the same way for the Heyer (1978) study

and this study. A series of 20 well-pre-

served adult Leptodactylus latinasus from

Salta Province, Argentina examined for this

study shows the same expressions of lateral

folds as in the new species, but with dif-

ferent frequencies of occurrences of indi-

vidual states. Only one of the 20 L. lati-

nasus has a very broken dorsolateral fold

from the eye to % distance to the sacrum;

the other 19 show no indications of dorso-

lateral folds. Thus, the new species appar-

ently has a greater frequency of any dor-
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solateral fold expression than occurs in L.

latinasus.

There are two sets of measurement data.

A more extensive data set (in terms of num-
ber of individuals) is available for all adults

examined for the Heyer (1978) study for

SVL, head length, head width, thigh length,

shank length, and foot length. Additional

data for eye-nostril distance and tympanum
diameter are available for a smaller number

of adults for both the new species and Lep-

todactylus latinasus.

Due to the small number of adults avail-

able for the new species, principal compo-

nent analyses are the primary statistical tool

used to explore measurement variation in

adults of the new species and Leptodactylus

latinasus (Table 2). The principal compo-

nent analyses for males show a greater dis-

tinction between the two species using the

data for all variables versus the data set

lacking eye-nostril distance and tympanum
diameter data (Fig. 4) than observed in the

female data (Fig. 5). The modest differen-

tiation based on measurement data is ex-

pected to exceed researcher measurement

error, based on previous experience (Hayek

et al. 2001). Discriminant function analyses

for male data including eye-nostril distance

and tympanum diameter data result in

100% correct posterior classification for

both the complete data model and backward

stepwise model. The discriminant function

analyses for the male data lacking eye-nos-

tril distance and tympanum diameter result

in 97-98% correct posterior classification

of cases for both the complete model and

backward stepwise models. Results of mul-

tivariate techniques can not be assumed to

be generalizable beyond the individual data

sets analyzed because any changes in the

sample will yield different results to at least

some degree (James and McCulloch 1990).

Given this caveat, we interpret our results

to mean that there is at least some morpho-
logical differentiation between the new spe-

cies and L. latinasus that would be con-

firmed with increased sample sizes.

Overall, the new species and Leptodac-
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Principal Component 1

-4

T-20246
Principal Component 1

Fig. 4. Male measurement data principal component analyses. A. Reduced variable data set. B. Variable set

including eye-nostril distance and tympanum diameter data. Circles = Leptodactylus latinasus, filled triangles

= new species.

12-1012
Principal Component 1

1 r2-101
Principal Component 1

Fig. 5. Female measurement data principal component analyses. A. Reduced variable data set. B. Variable

set including eye-nostril distance and tympanum diameter data. Circles = Leptodactylus latinasus, triangles =

new species.
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tylus latinasus are very similar morpholog-

ically. There are no characters that com-

pletely diagnose the two species. There are

a few character states that demonstrate

some differentiation between the species. If

the only data available were the morpho-

logical data, we would interpret the varia-

tion to be within-species and would recog-

nize only one species for the two taxa, as

was done in the Heyer (1978) study.

Given that the advertisement call data in-

dicate that the specimens from eastern Bra-

zil represent a species distinct from Lepto-

dactylus latinasus and there is no name
available for it, we hereby describe the tax-

on lacking a name as:

Leptodactylus caatingae, new species

Figs. 6-7

Holotype.—ZUEC 8833, an adult male

from Brazil, Bahia, Joazeiro, 09°25'S,

40°30'W. Collected by Adao J. Cardoso, 7

March 1990.

Referred specimens.—BRAZIL; BAHIA;
Bom Jesus da Lapa, 13°15'S, 43°25'W,

UMMZ 109991(2); Ibiraba, 10°48'S,

42°50'W, UEFS 686, 688-695; Itiiiba,

10°42'S, 39°5rW, MZUSP 38556-38559,

38561-38563, USNM 547844-547845;
Sao Jose do Rio Grande, ir49'S, 44°44'W,

UMMZ 109992; ESPIRITO SANTO; Sao

Mateus, 18°44'S, 39°5rw, MCZ A-92142
(recatalogued from the previously lot cata-

logued specimen MCZ A- 1298 cited in

Heyer 1978); PERNAMBUCO; Exu,

7°3rS, 39°43'W, MZUSP 51858; Ouricuri,

7°53'S, 40°05'W, MZUSP 77749.

Diagnosis.—The species with a combi-

nation of a distinct light stripe on the pos-

terior surface of the thigh and obvious

white tubercles on the outer surface of the

tarsus and sole of foot in some or all indi-

viduals are Leptodactylus albilabris, caatin-

gae, elenae, fragilis, latinasus, and mysta-

ceus. Leptodactylus albilabris and mysta-

ceus have distinct dorsolateral folds (indi-

cated by color pattern in poorly preserved

specimens); L. caatingae has interrupted.

indistinct dorsolateral folds or lacks them.

Leptodactylus caatingae, fragilis, and lati-

nasus have considerable morphological and

color pattern overlap and cannot be consis-

tently diagnosed from each other with these

characters. The advertisement call of L. la-

tinasus is not pulsed and has a high broad-

cast frequency (3000-3780 Hz); the call of

L. caatingae is pulsed and has a lower

broadcast frequency (940-1620 Hz). The
advertisement call of L. fragilis is longer

(0.19 sec) than the call of L. caatingae

(0.07 sec). Leptodactylus caatingae, fragil-

is, and latinasus have allopatric distribu-

tions: L. fragilis from southernmost Texas,

United States to north coastal Venezuela; L.

caatingae in eastern Brazil; and L. latinasus

in southern South America (Argentina, Bo-

livia, Rio Grande do Sul, Brazil, Uruguay).

Description of holotype.—Snout rounded

from above, acutely rounded in profile; can-

thus rostralis indistinct; lores obtusely con-

vex in cross section; tympanum well de-

fined, moderate size, horizontal diameter

about ^6 sy^ diameter; vocal slits elongate,

parallel to lower jaw, starting about mid-

tongue level; vocal sac single with distinct

lateral expansions indicated by pronounced

folds under lower jaws; vomerine teeth in

almost straight line patches separated from

each other by about Vi length of a single

tooth row, well behind and between almost

round choanae; finger lengths II ~ IV <C I

just < III; inner sides of fingers II and III

with a line of small tubercular-like projec-

tions, otherwise sides of fingers entirely

smooth; thumb lacking asperities; snout

with distinct flaring ridge; arms not hyper-

trophied; weakest indications of ulnar ridg-

es; dorsum with small scattered pustular-

like warts, lower flanks areolate; supratym-

panic fold well developed and defined, no

other folds discernible; well developed

commissural glands, a pair of low, ovoid

glands behind tympanum and above poste-

rior arm insertion; ventral disk fold well de-

fined; venter smooth except for areolate

ventral thigh surfaces; toe tips IV and V
rounded, I, II, III slightly swollen; lateral
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Fig. 6. Holotype of Leptodactylus caatingae.
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Fig. 7. Leptodactylus caatingae, UEFS 695, photo by F A. Junca.

toe surfaces lacking ridges or fringes, no

indication of basal webbing between toes;

subarticular tubercles distinct, pungent; no

metatarsal fold; tarsal fold low, broad, glan-

dular, extending % distance of tarsus, either

abutting inner metatarsal tubercle or with a

slight gap between fold and tubercle; upper

shank surface with scattered white tuber-

cles; outer tarsal surface with many white

tubercles; sole of foot with many white tu-

bercles.

SVL 35.3 mm, head length 14.2 mm,
head width 12.7 mm, eye-nostril distance

3.3 mm, tympanum diameter 2.9 mm, fe-

mur length 13.4 mm, shank length 14.1

mm, foot length 14.9 mm.
Dorsum blotched tans and browns; a

very interrupted series of dark dots from

between the nostrils to just past the sacrum;

upper limbs with weakly and irregularly de-

fined darker transverse bands; face with

dark canthal stripe only well defined just in

front of eye; moderately well defined light

stripe from tip of snout passing under eye

and tympanum and extending to end of

commissural gland; flanks with indistinctly

darker brown blotches on a tan background;

posterior face of thigh with a very distinct

light ventral stripe, bordered by dark

brown, rest of posterior face of thigh mot-

tled tan and brown; lateral chin area mottled

with brown, extending onto vocal folds, rest

of venter immaculate.

Etymology.—The name, Latinized from

the Portuguese word caatinga, refers to the

characteristic distribution of this species

within the Caatinga Morphoclimatic Do-

main (Ab' Saber 1977).

Larval characteristics.—Unknown.
Advertisement call.—See previous de-

scription.

Karyotype.—Unknown.
Distribution.—Currently known from a

few localities in eastern Brazil (Fig. 8). All

but one of the localities occur in the Caa-

tinga Morphoclimatic Domain (Ab' Saber

1977). The southernmost locality, in Espir-

ito Santo, occurs in the Atlantic Forest

Morphoclimatic Domain (Ab' Saber 1977).

The locality of Rio Grande at Sao Jose, Mi-

nas Gerais, Brazil for UMMZ 109992 given

in Heyer (1978) was incorrect and is Sao

Jose do Rio Grande, Bahia.

Natural history.—FAJ made the follow-
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Fig. 8. Distribution map of Leptodactylus caatingae and L. latinasus. Type locality of L. caatingae indicated

by dot; other localities by circles. Predicted distribution range of L. latinasus indicated by shaded area.



328 PROCEEDINGS OF THE BIOLOGICAL SOCIETY OF WASHINGTON

ing observations on specimens from Ibira-

ba, Bahia. On March 2000, in the rainy sea-

son, about 10-20 males were calling within

grass bordering a flooded forest area that

was totally dry the day before. One of these

males was calling in an exposed position

and FAJ could observe and collect it. The
air temperature was 25°C. Other specimens

were collected in pitfall traps, which were

put in on one edge of the Icatu River. In

that area the vegetation is a typical gallery

forest with trees up to 5-7 m tall. In the

same area Leptodactylus fuscus, ocellatus,

and podicipinus were calling too. In August

2000 the same area was dry and no indi-

viduals of L. caatingae were calling, al-

though some L. podicipinus males were

heard.

Discussion

The call rates of Leptodactylus latinasus

analyzed for this paper are very different

from those analyzed by Barrio (1965, see

Table 1) and may impact the call rate de-

scribed for L. latinasus herein. The differ-

ences are real and not due to different

means of analysis. The major difference be-

tween the recordings involved is that Bar-

rio's recordings appear to be of a single

calling individual, whereas the recording of

L. latinasus analyzed herein was a chorus

recording, although there seemed to be one

primary individual that was louder (i.e.,

closer to the microphone), but it is possible

that two or more individuals were calling

equally loudly from the microphone in a

manner that their calls did not overlap with

each other. Thus, it is possible that the dif-

ference in calling rates of L. latinasus as

presented in Table 1 could be due either to

more than one individual actually being an-

alyzed in the Salta recording, or L. latinasus

increases calling rates when in a chorus of

conspecifics. The recorded call of L. caa-

tingae has every indication that it is from a

single calling male, however.

We are not certain that all of the speci-

mens we have examined of L. caatingae

represent a single species. There is variation

in belly pattern development among speci-

mens of L. caatingae from different local-

ities. Advertisement calls are very impor-

tant in evaluating species limits in the frogs

that have been known as L. latinasus. Un-
fortunately, we have only a recording from

a single frog of L. caatingae. Recordings

are needed from the other population sam-

ples we have designated as referred speci-

mens of L. caatingae in order to determine

whether there are additional species con-

tained in the specimens we have examined.

Because of the observed belly pattern var-

iation and lack of additional recordings, we
think it is inappropriate to designate para-

typic specimens for L. caatingae.

The currently known distribution of L.

caatingae is confounding. The Atlantic For-

est Morphoclimatic Domain locality of Sao

Mateus, Espirito Santo is peculiar. There

are very few species of frogs that occur in

both caatinga and Atlantic Forest areas.

Copeland Hartt collected MCZ A-92142 in

1865/1866. The available evidence is quite

convincing that the specimen was collected

from the Atlantic Forest Morphoclimatic

Domain and most probably Sao Mateus it-

self. Hartt collected amphibians and reptiles

from five other localities in addition to Sao

Mateus in the States of Bahia and Espirito

Santo. All of these five localities are also

from the Atlantic Forest Morphoclimatic

Domain. There are no habitat data for MCZ
A-92142. There are at least three possibil-

ities to explain a presumably caatinga

adapted frog being collected at Sao Mateus:

(1) the Sao Mateus population inhabits

open areas within the Atlantic Forest Mor-

phoclimatic Domain, such as sandy beaches

along the ocean coast; (2) the Sao Mateus

population actually represents a new cryptic

species of this complex; and (3) this distri-

bution represents another example of how
little we really understand about neotropical

frog distributions. Collecting new material

from Sao Mateus of L. caatingae, including

recording its advertisement call, could re-

solve the current distributional anomaly.
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The pattern of differentiation and distri-

bution described herein for L. caatingae

and L. latinasus is very similar to that

found between two other members of the

same species group (the L. fuscus group):

L. bufonius and troglodytes. These two lat-

ter species are very similar morphologically

and differ markedly in their advertisement

calls (Heyer 1978). Leptodactylus bufonius

has a distribution in the open formations of

Argentina, Bolivia, Mato Grosso do Sul,

Brazil, and Paraguay. There is an extensive

distributional hiatus between L. bufonius

and L. troglodytes, with L. troglodytes oc-

curring in open formations of northeast

Brazil (compare maps in Figs. 34 and 68 in

Heyer [1978]). This similar pattern suggests

that the two species pairs shared the same
differentiation history, probably the ances-

tor of each having a general distribution

throughout the diagonal of open formations

in South America. Whatever event isolated

the populations from northeast Brazil from

the populations in and adjacent to Argen-

tina was probably the same event that led

to speciation of both L. bufonius—troglo-

dytes and L. caatingae-latinasus. This hy-

pothesis would be corroborated if the levels

of molecular differentiation between the

pairs of species were identical. If that turns

out to be true, the molecular data might pro-

vide a suggestion of when the allopatry oc-

curred, which, in turn, might agree with the

hypothesis proposed by Vanzolini (1997:

80-84) of separation of dry formation pop-

ulations by fragmentation due to Pleisto-

cene wet forest expansions during more
mesic periods than present.
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amblyopine gobies
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Abstract.—The Indo-West Pacific gobiid genus Amblyotrypauchen Hora is

reviewed and defined. Amblyotrypauchen is unique within the Amblyopinae in

having 10+19 vertebrae, enlarged fang-like teeth in both jaws, partially sepa-

rate pelvic fins, and scale patches on the opercle, cheeks, and dorsum of head.

In contrast to most other members of the subfamily, Amblyotrypauchen lacks

eyes and has been collected off muddy bottoms from almost 17 m to over 183

m in depth. Karsten Murdy is the only other known amblyopine goby that is

blind and found at such depths. Amblyotrypauchen comprises a single species,

A. arctocephalus, known from India, Malaysia, Hong Kong, the Philippines,

Papua New Guinea, and Australia. A figure of A. arctocephalus is provided.

Amblyotrypauchen is most similar to Ctenotrypauchen, Karsten, Trypauchen,

and Trypauchenichthys; the five genera are compared.

The subfamily Amblyopinae comprises

approximately 15 genera and about 25-30

valid goby species. Amblyopine gobies

have a continuous dorsal fin and eel-like

bodies. The subfamily is typically associ-

ated with muddy substrates in shallow wa-

ters (a few centimeters to a few meters) in

the Indo-Pacific region. The amblyopine

goby Amblyopus arctocephalus was de-

scribed by Alcock (1890) from specimens

trawled off the east coast of India at depths

from 37 m to 92 m over muddy substrate.

Alcock did not compare his new species to

any other goby but did mention that: (1) the

head lacked scales and was compressed into

a sharp ridge; (2) the eyes were "hidden";

and (3) the jaws contained large canine

teeth. A figure was also provided. Almost

35 years later, Hora (1924) described Am-
blyotrypauchen fraseri as a new genus and

species of eel-like goby. Hora based his de-

scription on a single specimen trawled off

the east coast of India at a depth of 37 m
over a mud bottom. Hora (1924) stated that

the unique features of his new taxon were

"well-marked" canine teeth and relatively

large pelvic fins. He also stated that the

head of Amblyotrypauchen had scales and

that the eyes "were not visible but their po-

sition is indicated by orbital depressions."

A figure of Amblyotrypauchen fraseri was

provided, which is reproduced here as Fig.

1. Hora (1924) made no reference to Am-
blyopus arctocephalus Alcock.

After examining type material of both

Amblyopus arctocephalus and Amblyotry-

pauchen fraseri at the Indian Museum (now

the Zoological Survey of India), Koumans
(1941) synonymized the latter species with

the former but retained the genus Ambly-

otrypauchen for arctocephalus. In his de-

scriptive account of Amblyotrypauchen,

Koumans (1941) stated that the eyes were

"small." However, in his species account

of A. arctocephalus that immediately fol-

lowed the genus account, Koumans stated

that the eyes were "hidden." In addition to

specimens collected off the east coast of In-

dia, Koumans (1941) mentioned that he ex-

amined specimens of A. arctocephalus at

the Indian Museum from the Arabian Sea

and the Gulf of Martaban (Myanmar). The

only other published record of A. arctoce-

phalus that I can locate is that of Herre and
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Herald (1951) who reported on A. arcto-

cephalus collected by trawl from 35-53 m
in Manila Bay, Philippines. Although not

having any specimens at hand. Smith

(1959) opined that A. arctocephalus would

eventually be found in the western Indian

Ocean.

None of the published accounts defini-

tively state that A. arctocephalus lacks eyes.

In addition, none remarks on the relative

deep-dwelling habits of this species as com-

pared to other amblyopine gobies. As such,

the objectives of this study were to: (1) re-

describe Amblyotrypauchen, (2) define Am-
blyotrypauchen using putative derived char-

acters, (3) to provide characters for differ-

entiating Amblyotrypauchen from other am-

blyopines, and (4) to provide and analyze

distributional and ecological data.

Materials and Methods

All measurements are straight-line dis-

tances made with dial calipers and recorded

to the nearest 0.1 millimeter. All fish

lengths given are standard lengths (SL) ex-

cept where noted as total length (TL).

Methods of measurements and counts fol-

low Murdy (1989), and Murdy and Shibu-

kawa (2001).

The vertebral count is separated into pre-

caudal and caudal counts, the latter includ-

ing the urostylar complex; caudal vertebrae

possess a distinct hemal spine that is lack-

ing in precaudal vertebrae. Counts of axial

skeletal features (i.e., vertebrae, pleural and

epineural ribs, pterygiophores, and epurals)

were taken from radiographs and cleared

and stained material. The methods of Bird-

song et al. (1988) were used in describing

the relationship between the spinous dorsal-

fin pterygiophores and the underlying ver-

tebrae.

Institutional abbreviations are as listed in

Leviton et al. (1985). All specimens ex-

amined are listed in the material examined

section and grouped by major geographic

areas. The total number of specimens ex-

amined and size range follow each catalog

number. Depth of capture is provided when
known.

Systematic Account

Amblyotrypauchen Hora, 1924

Amblyotrypauchen Hora, 1924:160 (type

species, Amblyotrypauchen fraseri Hora

1924 = Amblyopus arctocephalus Al-

cock, 1890)

Included species.—Amblyotrypauchen
comprises a single species, A. arctocephal-

us (Alcock, 1890).

Diagnosis.—A genus of Amblyopinae

with prominent canine teeth in both jaws;

head, cheek and opercle with scale patches;

and, typically, 19 caudal vertebrae. Pelvic

fins with innermost rays joined for one-

third to one-half their length.

Osteology.—Spinous dorsal-fin ptery-

giophore formula typically 3-1221, one

specimen with 3-123. Precaudal vertebrae

typically 10, caudal vertebrae typically 19,

one specimen with 9+ 23. Pterygiophore of

the second soft dorsal-fin ray (posteriormost

pterygiophore inserting in 7th interneural

space) lacking a middle radial. Typically

three anal-fin pterygiophores anterior to

first hemal spine, one specimen with four.

Epurals 2. Basihyal spatulate. Symplectic

lacking a posteriorly directed arm cartila-

ginously joining the hyomandibular, con-

sequently, no gap present between dorsal

aspect of symplectic and the hyomandibu-

lar. Frontal crest prominent, without serrat-

ed edge. Atlas with well-developed para-

pophyses, in contact with first epineural rib.

Epineurals present from 1st precaudal ver-

tebra to 14th caudal vertebra. Well-devel-

oped pleural ribs on 3rd to 9th precaudal

vertebrae.

Amblyotrypauchen arctocephalus

(Alcock, 1890)

(Figs. 1-2, Tables 1-2)

Amblyopus arctocephalus Alcock, 1890:

432 (type locality, off Orissa and Viza-

gapatam, India)
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Fig. L Amblyotrypauchen fraseri (=arctocephaIus) from Hora (1924). Note that a shallow cavity exists in

the area typically occupied by an eye. The figure depicts the dorsal and anal fins not connected with the caudal

fin, and a fully scaled cheek. This is in contrast to other published accounts and specimens examined in this

study in which the dorsal and anal fins are confluent with the caudal fin, and the cheek is much less densely

scaled.

Amblyotrypauchen fraseri Hora, 1924:160,

fig. 4a (type locality, off the mouth of the

Hugh River, India)

Amblyotrypauchen arctocephalus: Kou-
mans, 1941, new combination

Material examined.—(18 specimens

from 10 localities; size range 36.1-137.6

mm). Malaysia, Strait of Malacca: USNM
296958, depth 101 m, 3:47.9-118.2 mm.
Hong Kong: AMS 1.18552-001, depth 16-

18 m, 1:115.1 mm. Philippines, Lingayan

Gulf: USNM 151242, depth 82 m, 1:116.1

mm; USNM 113200, 1:125.3 mm. Manila

Bay: CAS 53856, 2:120.2-125.7 mm.
Western Samar: USNM 113202, depth 37

m, 2:110.1-122.7 mm; USNM 113197,

depth 48 m, 3:115.3-129.0 mm. Negros:

USNM 151432, depth 176 m, 1:39.1 mm.
Cebu: 113238, 1:137.6 mm. Davao:

113198, depth 183 m, 1:36.1 mm. Papua

New Guinea, mouth of Rama River: AMS

1.16753-024, 1:98.0 mm. Australia, Arafura

Sea, AMS 1.19289-005, depth 55 m, 1:72.8

mm.
Diagnosis.—As for genus.

Description.—Proportional measure-

ments given in Table 1. The following de-

scription of counts (Table 2) is based on

radiographs, and one cleared and stained

specimen removed from USNM 113197.

Total dorsal-fin elements 48-52; first dor-

sal fin with six flexible spines; first element

of second dorsal fin segmented, branched or

unbranched, all others segmented and

branched rays; dorsal-fin base long and

broadly joined with caudal fin. Total anal-

fin elements 39-43, first element segment-

ed and unbranched, all other elements seg-

mented and branched; anal-fin height less

than second dorsal-fin height; anal-fin

membrane broadly joined with caudal fin.

Pectoral fin with 14-18 rays, crescent-

Trypauchen Ctenotrypauchen Amblyotrypauchen Trypauchenichthys

Fig. 2. Pelvic fin shapes of Trypauchen, Ctenotrypauchen, Amblyotrypauchen, and Trypauchenichthys, from

Hora (1924). The pelvic fins of large specimens (>120 mm) of Amblyotrypauchen can have the pelvic fins more

deeply incised than shown in the figure.
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Table 1 .—Proportional measurements of Amblyotrypauchen arctocephalus.

Mean Ranizc

Standard length/TL

Head length/SL

Pelvic-fin length (PEL)/SL

Pelvic-fin length/HL

Pectoral-fin length/SL

Pectoral-fin length/HL

Pectoral-fin length/PEL

Head width/SL

Snout length/SL

Jaw length/SL

Interorbital width/SL

Nape width/SL

Body depth/SL

Predorsal length/SL

Prepelvic length/SL

Preanal length/SL

6

11

11

11

19

19

19

11

11

11

11

11

11

11

11

11

0.845 0.833-0.858

0.201 0.179-0.214

0.085 0.062-0.111

0.421 0.320-0.550

0.064 0.042-0.098

0.314 0.206-0.457

0.764 0.431-1.137

0.094 0.025-0.113

0.058 0.041-0.115

0.068 0.056-0.076

0.031 0.023-0.039

0.074 0.065-0.083

0.141 0.124-0.152

0.241 0.183-0.261

0.192 0.174-0.205

0.406 0.370-0.433

shaped with dorsal rays longer than ventral

ones; all pectoral-fin rays segmented, some
of the longer rays are branched distally. Pel-

vic-fin rays I, 5; frenum present; basal

membrane uniting fins present for approx-

imately one-third to one-half the length of

innermost rays; smaller specimens typically

have less deeply divided pelvic fins than

larger specimens. Caudal fin with 17 seg-

mented rays including 8+7 branched rays

and a dorsal and ventral simple ray; unseg-

mented procurrent rays 4, dorsally and ven-

trally.

Scales cycloid, present on entire body

with scale patches on head, cheek, and op-

ercle, largest scales near caudal-fin base.

Scales on head, cheek, and opercle present

in patches of as few as two or three to as

many as nine or 10 scales, the largest scale

patch often posterior to the orbit. Scales on

body extending from areas dorsal and ven-

tral to opercle posteriorly to caudal-fin base.

Longitudinal scale count 60-77, scales dif-

ficult to count with accuracy.

Typically, two lateral rows of teeth in

each jaw, more than two rows anteriorly;

outer-row teeth much larger and more
pointed than those of inner rows; lower-jaw

teeth longer than upper-jaw teeth; 2-5 fang-

like teeth in outer row of upper jaw, typi-

cally interlocking with those of lower jaw;

numerous conical teeth in inner row(s) of

upper jaw; 4-7 fang-like teeth in outer row

of lower jaw; numerous conical teeth in in-

ner row(s) of lower jaw. No palatine or vo-

merine teeth present. No sexual dimor-

phism with respect to teeth.

Tongue thick, tip rounded, free from

floor of mouth. Gape wide, mouth oblique

(about 45°); maxilla extending posteriorly

to vertical below anterior half of orbit; pos-

teriorly, near tip of maxilla, upper lip ex-

Table 2.—Selected counts of Amblyotrypauchen arctocephalus.

Character Mean Frequencies

Dorsal-fin rays (total elements)

Anal-fin rays (total elements)

Pectoral-fin rays

Longitudinal scale rows

Upper jaw teeth (outer row)

Lower jaw teeth (outer row)

13 49.7

13 40.1

21 16.2

16 69.5

10 3.6

10 4.5

48(1), 49(6), 50(4), 52(2)

39(4), 40(6), 41(2), 43(1)

14(2), 15(5), 16(5), 17(5), 18(4)

60(3), 67(2), 68( 1 ), 70(3), 7 1 ( 1 ), 72( 1), 74(2). 76(2). 77( 1

)

2(2), 3(1), 4(6). 5(1)

4(7), 5(2), 7(1)
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panded into large fold that joins similar fold

of lower lip at rictus, fold completely cov-

ering posterior part of jaws even when
agape. No barbels on underside of head.

Eye absent. Posterior naris large and lo-

cated in cavity where eye normally would

be located; anterior naris at tip of small

tube-like flap that slightly overhangs upper

jaw.

Cephalic sensory canals and pores ab-

sent. Head papillae numerous, found on

dorsum, cheek, opercle, and along lower

jaw line. Papillae grouped in short series

(<1 mm) that appear as whitish lines.

Shallow pouch present along the dorsal

edge of the operculum. Gill rakers very

short, pyramidal-shaped, and not ossified;

six or fewer on lower limb of first gill arch.

Gill opening narrow, extending only the

length of pectoral-fin base or slightly more

ventrally.

Genital papilla large and bulbous in fe-

males, bilobed in gravid specimens. Male

papilla fleshy and triangular with distinct

tip.

Coloration.—No fresh specimens were

available for this study. Based on Alcock's

original description, this species is mottled

pink with hyaline fins. In preserved mate-

rial, dorsum of head and body dark brown

to gray, remainder of head and body uni-

formly pale or pale brown; no spots or

stripes on body or fins; fins translucent;

fang-like teeth on outer rows of both jaws

often reddish brown in larger specimens.

Distribution.—Northeast coast of India

eastward to Hong Kong and the Philip-

pines, southward to Papua New Guinea and

off the north coast of Australia. Reports of

specimens from the Arabian Sea and Gulf

of Martaban (Myanmar) by Koumans
(1941) are unconfirmed.

Ecology.—This species inhabits muddy
bottoms from almost 17 m to over 183 m
in depth; for both amblyopines and gobies

in general, these are uncharacteristic depths.

None of the material examined was col-

lected in typical amblyopine habitats, which

are shallow, mud-bottomed areas near river

mouths. The type material of Amblyopus
arctocephalus Alcock (1890) was collected

from 37—92 m, whereas the type of Ambly-

otrypauchen fraseri was collected from

about 37 m (Hora 1924). The fang-like

teeth suggest that this species is carnivo-

rous, and a radiograph of one specimen

(AMS 1.16753-024) revealed the presence

of an elongate fish in the stomach.

Remarks.—The genus Amblyopus (Va-

lenciennes in Cuvier & Valenciennes, 1837:

157) is regarded as an unneeded substitute

for Taenioides Lacepede (1800) and is thus

considered an objective synonym of Tae-

nioides (Eschmeyer, 1998). Taenioides is

diagnosed among Gobiidae by its posses-

sion of a Y-shaped, second anal-fin ptery-

giophore (Birdsong et al. 1988); Amblyotry-

pauchen lacks this feature.

After examining the types of both spe-

cies, Koumans (1941) synonymized A. /ra^-

eri with A. arctocephalus. Similar judg-

ments were rendered by Smith (1959) and

Menon and Yazdani (1968). Although
wanting to examine the types of A. arcto-

cephalus and A. fraseri, or at least obtain

radiographs of them, I was unable to do so.

I also was unable to determine the current

status of Alcock's and Hora's types at the

Zoological Survey of India. Regardless,

there appears to be little reason to dispute

the synonymy of A. fraseri with A. arcto-

cephalus based on comparison of the orig-

inal descriptions. When Hora (1924) de-

scribed his new genus and species, he made
no mention of Alcock's species, which had

been collected in the same general vicinity

as Hora's species (NW corner of the Bay of

Bengal); I assume Hora was unaware of the

existence of Alcock's description.

Two items in Alcock (1890) need men-

tion. First, Alcock described a "short broad

barbel" on each side of the upper jaw; this

structure is a narial tube rather than a bar-

bel. Secondly, Alcock stated that A. arcto-

cephalus possesses 11 abdominal and 17

caudal vertebrae. Whereas it is possible that

Alcock was not mistaken, in this study, I

radiographed 13 specimens and all but one
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have 10 precaudal and 19 caudal vertebrae.

The atypical specimen has 9 precaudal and

23 caudal vertebrae.

Several items in Hora (1924) also require

discussion. First, Hora stated the dorsal-fin

ray count of his single specimen as "7/40."

Fin rays of amblyopines are very difficult

to count without radiography. As none of

the radiographed specimens in this study

possess seven dorsal-fin spines, I assume

Hora's count was in error. Second, Hora

mentioned in the text that the dorsal and

anal fins were "separated from the caudal

by a short distance." However, Alcock

(1890) stated that in his specimens, the dor-

sal and anal fins were confluent with the

caudal fin; Koumans (1941) made a similar

statement about the specimens he exam-

ined. In amblyopines, the membrane uniting

the dorsal and anal fins with the caudal fins

is thin and easily torn in handling. Some of

the specimens examined in this study had

torn membranes, and I assume that this also

occurred to Hora's specimen. Lastly, Hora's

figure of A. fraseri (reproduced here as Fig.

1) not only depicts the dorsal and anal fins

not connected with the caudal fin, but also

shows a cheek more fully scaled than on

any specimen examined in this study. Pos-

sibly head scales slough off over time or

with frequent handling such that older pre-

served material, like that examined in this

study, does not accurately reflect the degree

of head scalation found in fresher speci-

mens. Alcock (1890) mentioned that the

head was naked in his specimens and Kou-

mans (1941) described the specimens he

examined as having "some scales on head

behind eye and on cheek and opercle." The
degree of scalation of the head of A. arc-

tocephalus can probably only be adequately

assessed by examining fresh material.

Comparison of Amblyotrypauchen with

other 'Trypauchen ' group members.—
Based on their shared absence of an inter-

neural gap, Birdsong et al. (1988) created

the monophyletic unit called the 'Trypauch-

en' group that comprised Amblyotrypauch-

en, Caragobius, Trypauchen, and Try-

pauchenichthys. Murdy (2002) added Cten-

otrypauchen and a new genus (Karsten) to

the 'Trypauchen' group and provided a key

to the 'Trypauchen' group genera. Cara-

gobius and Karsten lack an opercular pouch

whereas the other 'Trypauchen' group gen-

era have one. Hora (1924) distinguished

Amblyotrypauchen from Ctenotrypauchen,

Trypauchen, and Tiypauchenichthys by its

possession of canine teeth, as well as by the

shape of the pelvic fins (Fig. 2). As a result

of this investigation, I can further differ-

entiate Amblyotrypauchen from these three

genera by its possession of head scales

(lacking in the other genera) and 10+19
vertebrae (all other genera typically have 20

or more caudal vertebrae). Murdy (2002)

compared Amblyotrypauchen to Karsten,

the only other blind amblyopine. Karsten

differs from Amblyotrypauchen in having a

typical spinous dorsal-fin pterygiophore

formula of 3-123 or 3-132 (vs. 3-1221 in

Amblyotrypauchen), possessing nine pre-

caudal vertebrae (vs. 10 in Amblyotry-

pauchen), degree of scalation (scaled only

posteriorly in Karsten vs. scaled on entire

body including scale patches on the head in

Amblyotrypauchen), in presence/absence of

an opercular pouch (absent in Karsten vs.

present in Amblyotrypauchen), and tooth

size (slightly enlarged teeth in outer row of

jaws vs. very large and fang-like in Ambly-

otrypauchen).
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Abstract.—Identity of the single pterygoid bone in Synbranchidae is eval-

uated based on a 25 mm larva of Synbranchus. Two hypotheses have been

proposed as to its homology: it is 1) the endopterygoid or 2) the ectopterygoid.

We show that the bone in question develops in the position of the ectopterygoid

and therefore represents the homologue of this bone in other teleosts. Thus

synbranchids lack the endopterygoid, an observation that invalidates a previ-

ously proposed synapomorphy of this family and the channids (snakeheads).

Synbranchidae, or swamp eels, are a

family of highly derived eel-like acantho-

morphs, comprising 17 species (Bailey &
Gans 1998) from fresh and estuarine waters

of Middle and South America, Cuba, West

Africa, Asia, and the Indo-Australian Ar-

chipelago (Nelson 1994). Several species

are well known for their amphibious habits

and the presence of accessory air breathing

organs (see e.g., Rosen & Greenwood 1976,

Liem 1987, Munshi et al. 1989) that enable

them to undertake extensive overland ex-

cursions.

There are two hypotheses about the re-

lationships of the Synbranchidae to other

acanthomorph taxa: 1 ) synbranchids are the

sister group of channids (Lauder & Liem
1983) and 2) synbranchids are the sister

group of mastacembeloids (= mastacem-

belids plus chaudhuriids) (Travers 1984a,

Johnson & Patterson 1993, Britz & Kottelat

2003).

One of the characters cited as support for

Lauder & Liem's (1983) hypothesis is the

presence of an enlarged endopterygoid in

both, channids and synbranchids. The sin-

gle pterygoid of synbranchids was consid-

ered an ectopterygoid by Regan (1912),

Rastogi (1964), Rosen and Greenwood
(1976), Gosline (1983), Travers (1984), and

Britz (1996), and an endopterygoid by Lau-

der & Liem (1983). However, none of these

authors specifically addressed the problem

of the homology of this bone with respect

to the ectopterygoid or endopterygoid of

other teleosts. In the present paper we de-

scribe the hyopalatine arch of a 25 mm lar-

val specimen of Synbranchus sp., to resolve

the identity of the synbranchid pterygoid.

Material and Methods

A cleared and double stained larval Syn-

branchus sp. (USNM 372713) of 25 mm
total length was studied. A Zeiss Tessovar

was used to photograph the specimen. Ad-

ditional comparative material comprised:

Mastacembelidae; all cleared and stained:

Mastacembelus erythrotaenia: AMNH
42129 (1, 277 mm); Mastacembehts sp. (as
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Macrognathus aculeatus) AMNH 097654

(1, 158 mm); Macrognathus pancalus:

AMNH 217414 (8, 4.5-36 mm).
Synbranchidae; cleared and stained: Ma-

crotrema caligans: MCZ AlXOl (2, 172—

178 mm), Ophisternon aenigmaticum:

AMNH 31573 (1, 72 mm); Synbranchus

marmoratus: AMNH 30213 (1, 142 mm),
AMNH 74541 (1, 47 mm), MCZ 52376 (3,

65-140 mm; 1, disarticulated); Monopterus

albus: AMNH 41579 (1, 167 mm); dry

skeletons: Ophisternon aenigmaticum (as

Synbranchus marmoratus): USNM 111347

(1, partial skeleton); Monopterus sp. (as

Synbranchus bengalensis): AMNH 220023

(1, ca. 550 mm).
Terminology for the cartilaginous parts

of the hyopalatine arch follows Arratia &
Schultze (1991).

Results

The 25 mm larva of Synbranchus sp. still

has a large yolk sac and prominent pectoral

fins. The hyopalatine arch is largely carti-

laginous (Fig. lA). The hyosymplectic car-

tilage articulates with the otic capsule of the

chondrocranium. In the area around the fo-

ramen for the hyomandibular branch of the

facialis, there is a perichondral ossification,

the hyomandibular, which bears a conspic-

uous process of membrane bone that ex-

tends ventrally between the body of the car-

tilage and the pars metapterygoidea of the

palatoquadrate. A thin perichondral ossifi-

cation, the symplectic, surrounds the anter-

oventral process of the hyosymplectic car-

tilage. The opercle, which articulates with

a posterior process of the hyosymplectic

cartilage, and the remaining three opercular

bones are present as thin platelets of bone.

The palatoquadrate comprises two uncon-

nected parts, the posterior pars quadrata et

metapterygoidea and the anterior pars au-

topalatina (Fig. lA). The former is a rough-

ly triangular cartilage, the ventral tip of

which articulates with the lower jaw.

Around this articulation and the lower third

of the pars quadrata et metapterygoidea a

perichondral ossification is present, the de-

veloping quadrate, with the usual poster-

oventral process of membrane bone. The
developing metapterygpoid is present as a

thin lamina of perichondral bone surround-

ing the posterodorsal corner of the pars

quadrata et metapterygoidea. The pterygoid

extends anteriorly as an elongate thin lam-

ina of bone ventral to the anterodorsal cor-

ner of the pars quadrata (Fig. lA, B). The
elongate cartilage of the pars autopalatina

sits more anteriorly in the roof of the mouth
and bears a long anterolaterally directed

process, the distal tip of which articulates

with the lacrimal. Ventral to this cartilage

is a small splint of bone, the developing

dermopalatine (Fig. lA). The lower jaw

consists of the long Meckel's cartilage, its

anterior part covered laterally by the den-

tary, which bears a few teeth, and its pos-

terior part by the angular. The retroarticular

is present as a small ossification at the most

posterior tip of Meckel's cartilage, but the

articular is not yet developed.

Discussion

In most actinopterygians, two dermal

bones, the endopterygoid and the ectopter-

ygoid, cover the medial face of the devel-

oping palatoquadrate between the pars

quadrata and pars autopalatina (Arratia &
Schultze 1991). Usually, the pars quadrata

and the pars autopalatina are connected by

a thin strip of cartilage during at least some
period in early development. The endopter-

ygoid ossifies dorsomedial to this cartilage

and the ectopterygoid ventromedial to it

(see e.g., Arratia & Schultze 1991:figs. 14,

15; Britz 1996:figs. 3-5; Britz & Johnson

2002: figs. 4, 5). Even when the cartilagi-

nous connection between the pars quadrata

and the pars autopalatina is resorbed during

ontogeny, a small projecting tip on the an-

terodorsal face of pars quadrata usually re-

mains for some time and can be used as a

landmark. Such a stage is shown for a mas-

tacembelid species in Britz (1996: Fig. 5).

This landmark is also useful for taxa in
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Fig. 1. Synbranchus sp., 25 mm: A, Skull and anterior two vertebrae, lateral view, cartilage white, bone

light grey; B, Photograph of the hyopalatine area, lateral view, arrow points to ectopterygoid; C, S. marmorotus.

47 mm, hyopalatine arch and anterior part of neurocranium, lateral view, modified from Britz (1996), cartilage

white, bone light grey.
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which the pars quadrata and the pars auto-

palatina are never connected by cartilage.

The pterygoid bone of the 25 mm Syn-

branchus is located ventromedial to the

projecting anterodorsal corner of the pars

quadrata.

Thus, the position of the developing pter-

ygoid in Synbranchus is identical to that of

Macrognathus (Britz 1996: fig. 5) or other

teleosts (see e.g., Arratia & Schultze 1991:

figs. 14, 15; Britz & Johnson: figs. 4, 5) and

clearly demonstrates its homology with this

bone. During subsequent development the

ectopterygoid of Synbranchus enlarges

greatly and bears numerous strong teeth. It

becomes the dominant element of the adult

synbranchid palatoquadrate (Fig. IC, see

also Regan 1912:plate IX, fig. 1; Rastogi

1964:figs. 1-3; Rosen & Greenwood 1976:

figs. 60, 61; Gosline 1983:fig. 3B; Travers

1984:fig. 10; Britz 1996:fig. 9C). Although

we have no developmental information on

the pterygoid of other synbranchids, it is

reasonable to assume that it also represents

the ectopterygoid, given its identical ap-

pearance and position to the other bones of

the hyopalatine arch. This homology falsi-

fies Lauder & Liem's (1983) interpretation

of this bone as the endopterygoid and thus

invalidates one of their putative synapo-

morphies uniting the Synbranchidae and the

Channidae. The wider phylogenetic impli-

cations of our finding are beyond the scope

of this paper and will be discussed in a

forthcoming publication reevaluating the

additional evidence for both hypotheses of

synbranchid relationships.

Acknowledgments

Financial support of RB by a 'visiting

scientist' fellowship of the Division of

Fishes, National Museum of Natural His-

tory, Smithsonian Institution, Washington

D.C. is greatly acknowledged.

Literature Cited

Arratia, G., & H.-P. Schultze. 199 L Palatoquadrate and

its ossifications: development and homology

within osteichthyans.—Journal of Morphology
208:1-81.

Bailey, R. M., & C. Gans. 1998. Two new synbranchid

fishes, Monopterus roseni from Peninsular India

and M. desilvai from Sri Lanka.—Occasional

Papers of the Museum of Zoology University of

Michigan 726:1-18.

Britz, R. 1996. Ontogeny of the ethmoidal region and

hyopalatine arch in Macrognathus pancalus

(Percomorpha, Mastacembeloidei), with critical

remarks on mastacembeloid inter- and intrare-

lationships.—American Museum Novitates

3181:1-18.

, & G. D. Johnson. 2002. "Paradox Lost":

Skeletal ontogeny of Indostomus paradoxus and

its significance for the phylogenetic relation-

ships of Indostomidae (Teleostei, Gasterostei-

formes).—American Museum Novitates 3383:

1-43.

, & M. Kottelat. 2003. Descriptive osteology of

the family Chaudhuriidae (Teleostei, Synbran-

chiformes, Mastacembeloidei), with a discus-

sion of its relationships.—American Museum
Novitates (in press).

Gosline, W. A. 1983. The relationships of the masta-

cembelid and synbranchid fishes.—Japanese

Journal of Ichthyology 29:323-328.

Johnson, G. D., & C. Patterson. 1993. Percomorph

phylogeny: a survey of acanthomorphs and a

new proposal.—Bulletin of Marine Science 52:

554-626.

Lauder, G. V., & K. F. Liem. 1983. The evolution and

interrelationships of the actinopterygian fish-

es.—Bulletin of the Museum of Comparative

Zoology 150:95-197.

Liem, K. F. 1987. Functional design of the air venti-

lation apparatus and overland excursions by tel-

eosts.—Fieldiana 1379:1-29.

Munshi, J. S. D., G. M. Hughes, P Gehr, & E. R.

Weibel. 1989. Structure of the air-breathing or-

gans of a swamp mud eel, Monopterus cu-

chia.—Japanese Journal of Ichthyology 35:

453-465.

Nelson, J. S. 1994. Fishes of the world. John Wiley &
Sons, New York, 600 pp.

Rastogi, M. 1964. The head skeleton of Amphipnous

cuchia (Ham.).—Acta Zoologica 46:283-292.

Regan, C. T. 1912. The anatomy and classification of

the synbranchoid eels.—Annals and Magazine

of Natural History, series 8, 9:387-390.

Rosen, D. E., & P. H. Greenwood. 1976. A fourth neo-

tropical species of synbranchid eel and the phy-

logeny and systematics of synbranchiform fish-

es.—Bulletin of the American Museum of Nat-

ural History 157:1-69.

Travers, R. 1984. A review of the Mastacembeloidei,

a suborder of synbranchiform teleost fishes. Part

II: Phylogenetic analysis.—Bulletin of the Brit-

ish Museum of Natural History (Zoology) 47:

83-150.



PROCEEDINGS OF THE BIOLOGICAL SOCIETY OF WASHINGTON
116(2):341-355. 2003.

Skull osteology of the characid fish Astyanax mexicanus
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Abstract.—The skull of the characid fish Astyanax mexicanus is described

based on twenty alizarin-stained adult specimens from Rio Salado, Rio Con-

chos, Rio Alamo, and Rio San Juan populations, all of them Rio Grande trib-

utaries in Northeastern Mexico. The skull has a circular shape in lateral view.

The second infraorbital is triangular and never overlaps the inferior margin of

the third infraorbital. The third infraorbital never reaches the laterosensory

canal of the preopercular bone. The supraoccipital is short. The palatines, ec-

topterygoids and mesopterygoids lack teeth. We describe two features not re-

ported in Astyanax before: teeth on the second suspensory pharyngeal and

posterior gill rakers on the four gill arches. Differences in skull osteology

between A. mexicanus and other described species of Astyanax are denoted.

Species of the fish genus Astyanax Baird

& Girard, 1854, are found from the Nueces

River, Texas, to Patagonia, Argentina (Ban-

arescu 1990). This genus is among the most

dominant group of freshwater fishes in this

extensive region. The number of valid spe-

cies of Astyanax that inhabits Mexico is un-

certain (Contreras-Balderas & Lozano-Vi-

lano 1998, Schmitter-Soto 1998). Because

of the overall morphological similarity of

the species of this genus, there is consid-

erable confusion concerning species dis-

tinctness and distribution. Contributing to

this problem is the fact that the original de-

scriptions of many of them are incomplete,

and data for collection localities were not

clearly provided and are often unknown.

These problems are reflected in the present

nomenclatorial confusion (Valdez-Moreno

1997, Contreras-Balderas & Lozano-Vilano

1998).

Despite these uncertainties, most re-

searchers, including Contreras-Balderas &
Lozano-Vilano (1998), agree that one of the

valid species is the northern form, Astyanax

mexicanus (Filippi, 1853). It is known from

central Texas, Rio Bravo (named Rio

Grande in the U.S.A.), along Gulf of Mex-
ico drainages such as the lower Panuco Riv-

er, and through the Tecolutla-Cucharas sys-

tems (Miller 1978, Obregon-Barboza et al.

1994, Valdez-Moreno 1997). However,

some authors, such as Espinosa-Perez et al.

(1993), considered forms from the Rio Bal-

sas and the Papaloapan basins extending to

Peten, Guatemala, to be A. mexicanus s. 1.

Others (e.g., Paulo Maya 1994), reported

the presence of two distinct forms of Asty-

anax in the Rio Balsas samples, without se-

lecting names or referring them to either of

the two nominal species described from the

basin, Astyanax nitidus Bocourt (1868) and

A. fulgens Bocourt (1868).

The identity of the Rio Balsas form is

still unresolved. We concur with Miller (in

litt.) and Contreras-Balderas & Lozano-Vi-

lano (1998) that Mexican forms of Astya-

nax are not the same as the South American

representatives assigned to A. ''fasciatus'\

and none of the Rio Balsas forms are A.



342 PROCEEDINGS OF THE BIOLOGICAL SOCIETY OF WASHINGTON

mexicanus. Such forms probably represent

a species of the A. aeneus group. Further

research is needed to solve this problem.

Many studies of A. mexicanus deal pri-

marily with morphometry (Schuppa 1984,

Paulo-Maya 1994). Except for minor ref-

erences to certain bones by Lozano-Vilano

& Contreras-Balderas (1990), none deals

with osteology. This approach contrasts

with other studies in characid fishes. For

example, the osteology of the American

characid, Brycon meeki, was described in

detail by Weitzman (1962). Menezes (1969)

considered osteology in his study of the

phylogeny of the tribe Acestrorhynchini,

and Weitzman & Fink (1983) used osteo-

logical characters to elucidate relationships

among neon tetras, Paracheirodon spp.

Vari & Harold (1998) diagnosed the genus

Creagrutus as a monophyletic group within

the family Characidae on the basis of some
modifications of skull bones. Malabarba

(1998) provided a new diagnosis of the

Cheirodontinae using features of the den-

tary, tooth morphology and other skull

bones. Vari (1989a) studied the structure of

the skull in members of the family Curi-

matidae and the genus Pseudocurimata.

Vari (1983) also used osteological infor-

mation to hypothesize relationships within

Curimatidae, Prochilodontidae, Anostomi-

dae and Chilodontidae, as well as relation-

ships among the Ctenoluciidae (Vari 1995).

A cladistic analysis based on osteology by

Buckup (1998) proposed relationships of

the Characidiinae with the Crenuchinae.

Langeani (1998) hypothesized the mono-
phyly of the family Hemiodontidae using

characteristics of skull bones along with

other data.

The posterior region of skull and pectoral

girdle of a female A. mexicanus from Guay-

alejo River, Tamaulipas, Mexico, was de-

scribed and figured by Weitzman & Fink

(1983, 1985), but they did not describe the

entire skull of this species. The skull anat-

omy of A. ''fasciatus'' has been described

only for the form from Balsas River, Mex-
ico, by Mejia-Mojica & Diaz-Pardo (1991).

Problems with the identity of this form

were discussed above.

The purposes of this work are to describe

in detail the skull of A. mexicanus and to

provide a baseline to compare with other

species and genera. The use of the cranial

characters described herein may provide a

means to better study the taxa assigned to

the genus Astyanax and could be useful to

make inferences about the phylogeny of

members of the genus or the family.

Methods

Material examined.—Twenty adult spec-

imens of Astyanax mexicanus (>40 mm
standard length, SL), from the Fish Collec-

tion of the Autonomous University of Nue-

vo Leon (UANL), were selected from Rio

Grande/Rio Bravo localities: Rio Salado at

Socavon, 5.2 km SW from Muzquiz, State

of Coahuila (UANL-7271: 3 9 and 2 c^ SL
= 57.47 to 74.67 mm); Rio Conchos: Rio

Chuviscar at Aldama, State of Chihuahua

(UANL-6944; 4 9 and 1 (^ SL = 46.69 to

54.74 mm); Rio Alamo in Paso de las An-

acuas, 26 km W from Ciudad Mier, State

of Tamaulipas (UANL-3932; 3 9 and 2 c?

SL = 53.71 to 60.11 mm), and Rio San

Juan: Canon de la Boca, 1 km after the dam
Presa de la Boca, State of Nuevo Leon

(UANL-4924; 5 9 SL = 67.65-75.54 mm).

The specimens were cleared and stained

following the technique of Hollister (1934).

Terminology follows Weitzman (1962),

—>

Figs. 1-8. Skull of Astyanax mexicanus, lateral view, left side, female, SL 74.29 mm. 1, Full view; 2,

Infraorbital I, different shapes; 3, Antorbital, different shapes; 4 Infraorbital 4, malformation; 5, Palatine, ectop-

terygoid and mesopterygoid; 6, Lower jaw, opercular series, mandibular arch and palatine arch; 7, Quadrate; 8,

Preopercular. Abbreviations.—AA—anguloarticular; AT—antorbital; AR—retroarticular; DE—dentary; EC

—
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ctopterygoid; EL—lateral ethmoid; ET—ethmoid; FR—frontal; HY—hyomandibular; II—infraorbital 1; 12

—

infraorbital 2; 13—infraorbital 3; 14—infraorbital 4; 15—infraorbital 5; 16—infraorbital 6; IN—interhyal; lO

—

interopercle; MA—maxilla; MES—mesopterygoid; MET—metapterygoid; NA—nasal; OP—opercle; OR—or-

bitosphenoid; PA—parietal; PC—pterotic; PL—palatine; PM—premaxilla; PO—preopercle; PP—parasphenoid;

PT—pterosphenoid; QA—quadrate; RN—rhinosphenoid; SC—supraoccipital; SO—subopercle; SY—symplec-

tic.
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Fink & Fink (1981) and Weitzman & Fink

(1983). Each bone was drawn with the aid

of a camera lucida attached to a stereomi-

croscope (Nikon SMZIO). All base draw-

ings of the bones for A. mexicanus were

made from specimens collected in the Rio

Salado, Coahuila. Morphological differenc-

es and similarities between populations

were analyzed by direct comparison of

shape.

Description of the skull of Astyanax

mexicanus (Filippi, 1853)

Diagnosis.—Skull circular in lateral pro-

file. Anterior margin of dentary never pro-

jecting anteriorly further than that of pre-

maxilla. Opercle almost rectangular. Infra-

orbital 2 triangular, never overlapping in-

ferior margin of infraorbital 3. Infraorbital

3 semicircular, never reaching laterosensory

canal of preopercular bone. Supraoccipital

short with wider base; in dorsal view, pos-

terior end of supraoccipital spine slighthly

overlapping posterolateral border of epioc-

cipital. Palatines, ectopterygolds and me-

sopterygoids without teeth. First suspenso-

ry pharyngeal triangular, without teeth; sec-

ond one almost rectangular, with few uni-

cuspid teeth; third one triangular, larger

than first and second, with numerous uni-

cuspid teeth. Premaxilla with two rows of

teeth. Outer row consisting of four tricuspid

teeth, inner row with four to five teeth, each

tooth with three to six cusps. Maxilla with

single row of one or two teeth, number of

cusps per tooth five to eight. Dentary with

single row of four teeth followed by several

posterior ones; first and third teeth similar

in size and appearance. All dentary teeth

with five to seven, usually six, cusps. Fifth

dentary tooth smaller than first four, with

five to six cusps, usually five. Remaining

five to ten teeth smaller, each bearing one

or two cusps. Symphyseal and lateral dia-

stemmas absent. Total number of anterior

gill rakers on first arch 1 8 to 2 1 , second and

third arches 18 to 20, and fourth arch 13 to

18. Five posterior gill rakers on first arch,

five to six on second, 14 to 16 on third, and

five to six on fourth. Dorsal border of lower

pharyngeal with six to ten structures similar

to gill rakers. All gill rakers conical in

shape and with several short conical spic-

ules arranged irregularly.

Cranium

Ethmoid (Figs. 1, 17, 20, 21).—Most an-

terior medial bone of the cranium; ethmoid

relatively flat but complex in shape. Ante-

riorly bearing a forward-projecting conical

bony process rounded towards the anterior

end and two wing-like lateral processes.

Ethmoid articulating anteriorly with the

nonmovable premaxillae, ventrally with the

vomer and lateral ethmoids and posteriorly

with the frontals.

Lateral ethmoids (Figs. 1, 17, 20, 21).

—

Paired bones, each articulating dorsally

with a frontal and medially with the vomer.

Each lateral ethmoid a thin, triangular plate

with a foramen. Angle of internal ventral

part of each plate projecting posteriorly and

bearing a variable number of small pro-

cesses with smooth surfaces. Lateral eth-

moids separating nasal cavity from ocular

cavity and thus, in part, forming anterior

wall of eye socket.

Vomer (Figs. 17, 21).—Median bone

forming part of roof of mouth cavity. Vo-

mer "T" shaped, the lateral processes artic-

—

>

Figs. 9-12. Upper and lower jaws of A. mexicanus, female, SL 74.29 mm. 9a, Premaxilla dorsal view; 9b,

Premaxilla, ventral view; 10, Maxilla, lateral view; 11, Premaxilla, ventral view, malformation; 12, Dentary,

lateral view. Figs. 13, 14a. Branchyal arches of A. mexicanus, female, SL 74.29 mm. 13a, Branchyal arches;

13b, suspensory pharyngeal 1; 13c, suspensory pharyngeal 2; 13c, suspensory pharyngeal 3; 13e, gill rakers;

14a, basibranchials malformation. Figs. 14b-16. Hyoid arch of A. mexicanus, female, SL 74.29 mm. 14b, Urohy-

al; 15, Hyoid arch; 16, Interhyal with different shapes. Abbreviations.—AA—anguloarticular; AC—anterior
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ceratohyal; AGR—anterior gill rakers; AR—retroarticular; BBl—basibranchials 1; BB2—basibranchials 2;

BB3—basibranchials 3; BB4—basibranchials 4; BH—basihyal; BRl—branchiostegal ray 1; BR2—branchioste-

gal ray 2; BR3—branchiostegal ray 3; BR4—branchiostegal ray 4; CT—ceratobranchials; DE—dentary; EB

—

epibranchials; HB—Hypobranchials; HD—hypohyal dorsal; HV—hypohyal ventral; IN—interhyal; INN—inner

row of teeth; MA—maxillary; MK—meckelian cartilage; OUT—outer row of teeth; PGR—posterior gill rakers;

PHI—upper pharyngeal teeth; PH2—lower pharyngeal teeth; PM—premaxilla; PY—posterior ceratohyal; SSI—
suspensory pharyngeals 1; SS2—suspensory pharyngeals 2; SS3—suspensory pharyngeals 3; UR—urohyal.
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5 mm

5 mm

22
SA

b
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/ \

5 mm

Figs. 17-22. Cranium of A. mexicanus, female, SL 74.29 mm. 17, lateral view. 18, Orbitosphenoid, different

shapes; 19, Pterosphenoid, different shape; 20, dorsal view; 21, ventral view; 22a, Otolith asteriscus, dorsal

view; 22b, Otolith sagitta, dorsolateral view; 22c, Otolith lapillus, dorsal view. Abbreviations.—AS—asteriscus;

BO—basioccipital; EL—lateral ethmoid; EO—exoccipital; EP—epioccipital; ET—ethmoid; FR—frontal; LA

—

lapillus; OI—opisthotic; OR—orbitosphenoid; PA—parietal; PC—pterotic; PP—parasphenoid; PR—prootic;

PT—pterosphenoid; RN—rhinosphenoid; SA—sagitta; SC—supraoccipital; SP—sphenotics; VO—vomer.
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ulating with the lateral ethmoids. Two fo-

ramina providing passages for ramus buc-

calis of facial nerve. Ventrally, vomer artic-

ulating with parasphenoid and dorsally with

ethmoid. Ventral surface of vomer without

anatomical markings, few present on dor-

sum.

Frontals (Figs. 1, 17, 20, 21).—Laminar

bones comprising a large part of dorsal re-

gion of cranium, connected to each other by

epiphyseal bar that bridges the cranial fon-

tanels. Each frontal with a ventral keel in

medial position. Frontal articulating dorso-

posteriorly with parietal, dorsoanteriorly

with ethmoid, nasal and lateral ethmoid,

and ventrally with orbitosphenoid, ptero-

sphenoid, sphenotics, and pterotic. Each

frontal containing canals of accoustico la-

teralis system. Anterior portions of these

canals wide and continuous with nasal ca-

nal. Frontal bone with medial canals split-

ting in two main branches: an epiphysial

branch extending medially over the epiphy-

sial bar and opening above the frontal fon-

tanel, and posterior branch connected pos-

teriorly with the parietal and this canal, but

not to extrascapular canal. Another branch,

smaller than the former two, runs laterally

continuing with the pterotic canal. Small

side branches of these canals opening on

dorsal surface of frontal.

Parietals (Figs. 1, 17, 20).—Rectangular

laminar paired bones, without anatomical

markings on their ventral and dorsal surfac-

es. Each one articulating dorsoanteriorly

with frontal, posteriorly with epioccipital,

dorsoposteriorly with supraoccipital and la-

teroventrally with pterotic. Parietals sepa-

rated by the cranial fontanel. Laterosensory

canal parietal connecting posterolaterally

with extrascapular canal and extending dor-

sally to cranial fontanel.

Supraoccipital (Figs. 1, 17, 20).—Medi-

an bone constituting posterior roof of cra-

nium, articulating dorsoanteriorly with pa-

rietals and forming posterior border of me-
dian dorsal fontanel, ventrolaterally with

epioccipitals, and ventrally with pterotics.

In dorsal view, supraoccipital "V" shaped.

with a wide anterior base. Dorsal surface

with a groove extending posteriorly to end

of supraoccipital spine.

Epioccipitals (Figs. 17, 20).—Smooth tu-

bular paired bones, each containing a major

portion of the posterior vertical semicircular

canal of the auditory and equilibrium sys-

tems. Epioccipital articulating dorsally with

supraoccipital, posteroventrally with exoc-

cipital and anteroventrally with pterotic.

Lateral epioccipital process anteriorly con-

tacting parietal and pterotic, dividing pos-

temporal fossa in two parts.

Exoccipitals (Figs. 17, 21).—Smooth
paired bones forming ventral part of pos-

terior cranium, dorsally articulating with

epioccipital, ventrally with basioccipital,

anteriorly with prootic and anterolaterally

with pterotic and opisthotic. Each exoccip-

ital with laminar part enclosing the foramen

magnum and ventral spherical part consti-

tuting the roof of the otic capsule for la-

gena.

Opisthotics (Fig. 21).—Small, thin

bones, having triangular shape with a

curved base, located external to articulation

between pterotic, exoccipital and prootic;

opisthotic attaching by ligament to ventral

process of postemporal bone.

Basioccipital (Figs. 17, 21).—Constitut-

ing posterior base of cranium, with one

globular part and other laminar. Dorsally ar-

ticulating with exoccipitals, anteriorly with

prootic, ventromedially with parasphenoid

and posteriorly with first vertebra. Basioc-

cipital also forming ventral portion of otic

capsule for lagena and posterior region of

saccular cavity for asteriscus. No anatomi-

cal markings on external surface.

Pterotics (Figs. 17, 20, 21).—Paired

bones articulating anteriorly with sphenotic,

ventromedially with prootic, dorsally with

frontal and parietal, and posteriorly with

epioccipital. Pterotic with rounded process

that projects posteriorly and ventrally, pro-

viding insertion for levator operculi muscle.

Pterotic articulating with hyomandibular at

a groove. Internally, pterotic enclosing a

major part of the horizontal semicircular ca-
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nal. Each pterotic with a "V" -shaped canal

of the accoustico laterahs system, canal

continuing ventrally to preopercular canal

and dorsally to frontal canal. A small fo-

ramen present between pterotic and sphen-

otic. Extrascapular overlapping posterodor-

sal part of pterotic.

Sphenotics (Figs. 17, 20 21).—Paired

bones, quadrangular with rounded edges in

lateral view and with a strong rounded pro-

cess anterodorsally. Sphenotics articulating

anteriorly with pterosphenoid, ventrally

with prootic, posteriorly with pterotic and

dorsally with frontal. Sphenotic not asso-

ciated with lateral sensory system.

Prootics (Figs. 17, 21).—Complex
paired bones. Dorsolaterally articulating

with sphenotics and pterotics, medially with

prootic on the other side, anteriorly with

pterosphenoid, ventrally with parasphenoid,

and posteriorly with opisthotic, exoccipital

and basioccipital. Prootic with three foram-

ina of different sizes, the auditory foramen

largest.

Parasphenoid (Figs. 1, 17, 21).—Lon-

gest unpaired bone of cranium, spanning

ventral median region of cranium and artic-

ulating anteriorly with vomer, dorsoposter-

iorly with prootics and basioccipitals. Ven-

trally with a medial quilla joining with sus-

pensor pharyngeals by ligaments. Ventro-

posteriorly ending in two laminar process.

Pterosphenoids (Figs. 1, 17, 21).—Paired

bones, rectangular in lateral view, with

smooth edges, forming part of wall and

floor of cranial cavity. Together with orbi-

tosphenoid, pterosphenoids constituting

medial aspect of ocular cavity. Pterosphe-

noid articulating dorsally with frontal, lat-

erally with sphenotic, ventrally with para-

sphenoid, and anteriorly with orbitosphe-

noid. A small foramen for trochlear nerve

present at articulation of orbitosphenoid and

pterosphenoid.

Orbitosphenoid (Figs. 1, 17, 21).—Lo-

cated ventral to middle region of frontal and

posterior to ethmoid. Anterodorsally artic-

ulating with frontal and posteriorly with

pterosphenoid. Ventrally, orbitosphenoid

with a process directed toward anterior part

of cranium. Orbitosphenoid highly varible

in shape, length, and width at intra- and in-

terpopulation levels (Fig. 18), usually re-

sembling a "J" in lateral view. In dorsal

view, orbitosphenoid resembling two wings

or a "bird in flight" (Mejia-Mojica & Diaz-

Pardo 1991).

Rhinosphenoid (Figs. 1, 17).—Small, al-

most square to irregular medial bone locat-

ed anteriorly to orbitosphenoid, between

lateral ethmoids. Rhinosphenoid ossified in

five of our specimens.

Nasals (Fig. 1).—Tubular paired bones,

slightly curved with smooth surface, locat-

ed anterolateral to cranium. Nasal articulat-

ing anteriorly with premaxilla, posteriorly

with frontal. Each nasal bone containing a

branch of the laterosensory system.

Otoliths (Fig. 22a, b, c).—The ovoid la-

pillus contained in an utricular sac on floor

of prootic. The spine-like sagitta contained

in saccular recess formed by prootic, basi-

occipital and exoccipital. The lenticular as-

teriscus lying in capsule formed by the ex-

occipital and basioccipital. Asteriscus larger

than the other otoliths and bearing small

projections around its border.

Antorbital and Infraorbital bones.—This

series comprising seven paired elements as

follows:

Antorbitals (Fig. 1).—Each bone located

ventrolaterally to respective nasal orifice.

Antorbital with an elongated triangular

shape, the anterior part considerably nar-

rower than the posterior part; however,

shape of antorbital varying among speci-

mens. This variation apparently indepen-

dent of sex (Fig. 3).

Infraorbitals 1 (Figs. 1, 2).—Shape sim-

ilar to the blade of a scalpel, the ventral

border variably prolonged in width and

length. First infraorbital partially over-

lapped by the maxilla.

Infraorbitals 2 (Fig. 1).—Triangular

bone with inferior margin usually smooth

or sometimes jagged. Posterior portion of

bone deeper than anterior portion. Second

infraorbital located lateral to anguloarticular
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and quadrate bones and never overlapping

inferior margin of infraorbital 3.

Infraorbitals 3 (Figs. 1, 4).—Largest

bone of the series. Shape semicircular. In-

ferior margin always smooth, lateral surface

occasionally with small foramina. Third in-

fraorbital located lateral to quadrate and

preopercle, but inferior margin never reach-

ing laterosensory canal of preopercular

bone.

Infraorbitals 4 (Figs. 1, 4).—Rectangular

bone, shape depending on shape of articu-

lation with infraorbital 3. Anteroventral

edge projecting ventrally. Fourth infraorbit-

al located lateral to hyomandibular bone.

Infraorbitals 5 (Figs. 1, 4).—Quadran-

gular bone with rounded corners. Located

dorsal to infraorbital 4 and lateral to hyo-

mandibular.

Infraorbital 6 (Fig. 1).—Thumb-nail
shaped bone, posteroventral margin roughly

straight at articulation with fifth infraorbital.

Sixth infraorbital located lateral to sphen-

otic and frontal.

All the circumorbital bones smooth and

bearing canals for the accoustico lateralis

system. Canal of sixth infraorbital connect-

ing with laterosensory canals of pterotic

and frontal bones. Astyanax mexicanus
lacking supraorbital bones.

Upper Jaw

Premaxillae (Figs. 1, 9).—Strong, paired

bones articulating dorsally with ethmoid

and nasal bones, laterally with maxillae.

Premaxilla triangular in dorsal view. Each

premaxilla with two teeth rows. In one

specimen a replacement row present. An-
terior row consisting of four teeth, each one

having three, sometimes four, cusps. Pos-

terior row with four to five teeth, each one

with three to six cusps. Dorsal surface of

premaxilla smooth, ventral surface with a

small foramen. One specimen with a tooth

malformation in the posterior row (Fig. 11).

Maxillae (Figs. 1, 10).—Thin, paired

bones, each articulating anteriorly with pre-

maxilla. Posterior ramus of maxilla over-

lapping dentary and bearing one or two

teeth, each with five to eight cuspids.

Lower Jaw

Dentaries (Figs. 1, 6, 12).—Paired robust

bones, each articulating dorsoposteriorly

with anguloarticular and retroarticular, pos-

teromedially with coromeckelian bone.

Dentary with a single row of four frontal

teeth and several posterior ones. First and

third frontal teeth similar in size and ap-

pearance; second one about the same size

or slightly smaller than the first. The fourth

smaller than the other three frontal teeth.

All of them with five to seven, usually six,

cusps. Fifth dentary tooth smaller than the

first four, with five or six cusps, usually

five. Remaining teeth smaller (five to ten),

with one or two cusps. Replacement row of

teeth always present but variously devel-

oped and positioned, teeth of replacement

row directed vertically.

Lateral surface of each dentary with a ca-

nal for accoustico lateralis system, associ-

ated with three small foramina. Posterior

portion of this canal continuous with the an-

guloarticular canal. Symphyseal and lateral

diastemmas absent.

Anguloarticulars (Figs. 1, 6, 12).

—

Paired bones that form the joint between the

dentary and skull, shape similar to a fan

with three peaks, middle one longest and

pointed, other two rounded. Anguloarticular

articulating anteriorly with dentary, ventro-

posteriorly with retroarticular, posteriorly

with quadrate via a condyle, and medially

with Coromeckelian bone. Anguloarticular

containing a canal of the lateral sensory

system that communicates posteriorly with

canal of preopercle.

Retroarticulars (Figs. 1, 6, 12).—Paired,

triangular bones, equal to or slightly smaller

than coromeckelian bone. Retroarticular ar-

ticulating ventroposteriorly with anguloar-

ticular. Shape and length of retroarticular

variable.

Coromeckelian bones (Fig. 12).—Small,

paired, oval bones with smooth external
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surface, located along medial face of an-

guloarticular. Medial surface of coromeck-

elian with a median keel.

Opercular Series

Opercles (Figs. 1, 6).—Thin, paired,

nearly rectangular bones with smooth sur-

faces and borders. Opercle articulating an-

teriorly with hyomandibular via a condyle

on the latter, opercle articulating ventrally

with subopercle.

Subopercles (Figs. 1, 6).—Thin, paired

bones with smooth surfaces and borders ar-

ticulating dorsally with opercle. Anterior

part of subopercle with a small dorsal pro-

cess.

Interopercles (Figs. 1, 6).—Paired, flat,

smooth bones with triangular shape, poste-

rior portion deeper than anterior part. Inter-

opercle articulating dorsally with preoper-

cle.

Preopercles (Figs. 1, 8).—Large, flat,

paired bones, the dorsal limb lying between

hyomandibular and opercle. Preopercle

roughly triangular in shape, with a broad

base and thin dorsal limb. A canal of the

laterosensory system extending the length

of preopercle; anteriorly, the canal contin-

uous with anguloarticular canal, dorsally

the canal continuous with pterotic canal.

Mandibular Arch

Hyomandibulars (Fig. 6).—Strong,

paired bones with smooth surfaces. Dorsal

portion of bone broad with rounded mar-

gins, ventral part slender. Hyomandibular

articulating dorsally with neurocranium

through a fossa in the pterotic and another

in the sphenotic. Dorsoposteriorly, hyoman-
dibular articulating with opercle, ventrally

with metapterygoid.

Quadrates (Figs. 1, 7).—Paired bones ly-

ing above preopercle and articulating ante-

roventrally with anguloarticular by a con-

dyle. Quadrate L-shaped, with vertical limb

shorter than horizontal one. A posteriorly

directed process of varying size sometimes

present along dorsal margin of horizontal

limb. Variation in this process apparently

independent of sex.

Symplectics (Fig. 6).—Two smooth rod-

like bones, slightly curved or straight, lo-

cated medial to quadrate bone.

Palatine Arch

Metapterygoids, mesopterygoids, ectop-

terygoids, palatines and the vertical part of

quadrate forming the anterior suspensory

mechanism of lower jaw.

Metapterygoids (Fig. 6).—Paired bones

of irregular shape with smooth surfaces. A
small foramen present on posterior portion

of metapterygoid. Posterior portion of bone

deeper than anterior part. Two processes of

variable size present on dorsal surface of

posterior portion of metapterygoid. Metap-

terygoid articulating dorsoanteriorly with

mesopterygoid and dorsoposteriorly with

hyomandibular.

Mesopterygoids (Figs. 5, 6).—Paired tri-

angular bones with smooth surfaces. Me-
sopterygoid articulating anteriorly with pal-

atine, anteroventrally with ectopterygoid,

and ventrally with metapterygoid and quad-

rate.

Ectopterygoids (Figs. 5, 6).—Paired tri-

angular bones adjacent to mesopterygoids.

Ectopterygoid narrower than mesoptery-

goid but of similar surface morphology and

thickness.

Palatines (Figs. 5, 6).—Paired bones,

square shaped with slightly rounded angles.

Palatines articulating anteriorly with max-

illary and posteriorly with ectopterygoids

and mesopterygoids.

Mesopterygoid, ectopterygoid and pala-

tine bones without teeth.

Hyoid Arch

Interhyals (Figs. 6, 15, 16).—Small, cy-

lindrical, paired bones, lying ventral to hyo-

mandibular and posterior to symplectic. In-

terhyal located below interopercle, articu-

lating with hyomandibular and symplectic.

Posterior ceratohyals (Fig. 15).—Paired

triangular bones with rounded posterior end
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and smooth borders and surfaces. A fora-

men located centrally or somewhat closer

to the posterior border, associated or not

with a canal. Posterior ceratohyal articulat-

ing anteriorly with anterior ceratohyal and

posteriorly with interhyal. Ventrally poste-

rior ceratohyal supporting fourth branchio-

stegal.

Anterior ceratohyals (Fig. 15).—Paired

bones, rectangular in lateral view, with

smooth surfaces. Anterior ceratohyal artic-

ulating anteriorly with dorsal and ventral

hypohyals, posteriorly with posterior cera-

tohyal, and, ventrally, supporting first three

branchiostegal rays. Third branchiostegal

ray overlying and articulating with most

posteroventral part of anterior ceratohyal.

First and second branchiostegal rays insert-

ed into small grooves on ventral margin of

anterior ceratohyal.

Dorsal hypohyals (Fig. 15).—Shallow

paired bones overlying and articulating with

ventral hypohyal and anterior ceratohyal.

Ventral hypohyals (Fig. 15).—Paired

quadrangular bones with rounded angles,

articulating with anterior ceratohyals and

dorsal hypohyals.

Urohyal (Fig. 14b)—Triangular bone

bearing projections on the ventral surface

of varying length and number. Urohyal in-

serting between and connected by ligaments

to ventral hypohyals.

Branchial Arches

Basihyal (Fig. 13a).—This rectangular

and slightly flattened median bone the an-

teriormost element of the branchial skele-

ton. Basihyal located between dorsal hy-

pohyals. In one specimen, first basibranchi-

al malformed (see Fig. 14a).

Basibranchials (Fig. 13a).—Together

with the basihyal, these four unpaired bones

forming the median spine of the gill-arch

skeleton. Anteriormost basibranchial flat-

tened and attached by a ligament to basi-

hyal; second and third basibranchials elon-

gated; and fourth leaf-shaped and smaller

than preceding two. A shared basibranchial

cartilage uniting all basibranchials.

Hypobranchials (Fig. 13a).—Three

paired bones comprising most proximal el-

ements of first three gill arches. First hy-

pobranchial tongue-shaped, articulating

with first basibranchial and first ceratobran-

chial. Second hypobranchial dome-shaped,

articulating with second basibranchial and

second ceratobranchial. Third hypobranchi-

al saccular-shaped, articulating with third

basibranchial and third ceratobranchial. All

hypobranchials bearing gill rakers on ante-

rior edge.

Ceratobranchials (Fig. 13a).—Five

paired bones that form most of the ventral

part of each gill arch. First three cerato-

branchials elongated and slightly flattened,

each articulating proximally with a hypo-

branchial and distally with an epibranchial.

Fourth ceratobranchial elongated and

slightly flattened, articulating proximally

with a hypobranchial and distally with

fourth epibranchial. First four ceratobran-

chials bearing gill rakers along anterior and

posterior edges. Fifth ceratobranchial mod-
ified to form lower pharyngeal bone, which

bears several small, scattered, unicuspid

teeth on its dorsal surface and gill rakers

along the anterior edge.

Epibranchials (Fig. 13a).—Four paired

bones forming most of dorsal portion of

each gill arch. First two elongated, slightly

flattened, and lacking uncinate processes.

Third elongated and bearing posteriorly di-

rected uncinate process near distal end of

bone; uncinate process articulating with up-

per pharyngeal teeth. Fourth epibranchial

triangular. All epibranchials with small rak-

ers along anterior edge, and first three with

gill rakers along posterior edge.

Third and fourth epibranchials support-

ing upper pharyngeal plate. Upper pharyn-

geal irregular in shape and with several

small, scattered unicuspid teeth on ventral

surface.

Suspensory pharyngeals.—Three small,

paired bones articulating with first three

epibranchials and with parasphenoid. First
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one triangular, without teeth (Fig. 13b).

Second almost rectangular with few unicus-

pid teeth (Fig. 13c). Third triangular with

numerous unicuspid teeth (Fig. 13c).

Gill Rakers.—Total number of anterior

gill rakers on first arch 1 8 to 2 1 , second and

third arches 18 to 20, and fourth arch 13 to

18. Five posterior gill rakers on first arch,

five to six on second, 14 to 16 on third, and

five to six on fourth. Dorsal border of lower

pharyngeal with six to ten structures similar

to gill rakers. All gill rakers conical in

shape and with several short conical spic-

ules arranged irregularly.

Discussion

The skull of Astyanax mexicanus is made
up of 58 bones, nine of them unpaired (eth-

moid, vomer, parasphenoid, supraoccipital,

orbitosphenoid, basioccipital, urohyal, ba-

sihyal, rhinosphenoid), all others are paired.

This number differs from that reported for

Astyanax ''fasciatus'' (sensu Mejia-Mojica

& Diaz-Pardo 1991), because they did not

include the rhinosphenoid.

A comparison of the skull between A.

mexicanus and the descriptions of A. ''fas-

ciatus'' sensu Mejia-Mojica & Diaz-Pardo

1991, suggests that they are quite similar.

However, differences are present in some
bones. The opercle in A. mexicanus is al-

most rectangular and wide, whereas in A.

''fasciatus'' it is more rhomboid-like and

narrower. The supraoccipital (in dorsal

view) is short with a wide base in A. mex-

icanus, whereas in A. ''fasciatus'' it is lon-

ger with a narrow base. Infraorbital 3 in A.

mexicanus is semicircular, in in A. ''fascia-

tus'' it is angular. Infraorbital 2 has a wide

margin articulating with infraorbital 3 in A.

mexicanus, whereas this margin is narrower

in A. ''fasciatus/'

Also, Mejia-Mojica & Diaz-Pardo (1991)

described the posterior ceratohyal in A.

''fasciatus'' as having a foramen associated

with a canal, whereas in A. mexicanus it

may or may not be associated with a canal.

The number of teeth cusps reported from

the mandibular bones are different among
the two species. All teeth are pentacuspid

in A. ''fasciatus,'' whereas in A. mexicanus

there are 3-4 cusps on teeth in the outer

row, 3-6 cusps on teeth of the inner row of

the premaxilla, 5-8 cusps on maxillary

teeth, and 2-6 on dentary teeth. Finally, the

number of gill rakers varies among the two

species: in A. mexicanus 11 gill rakers are

present on the first arch, whereas in A. ''fas-

ciatus'' there are 13. The latter count is

similar to that of A. aeneus, which has 12-

14 gill rakers (Schmitter-Soto 1997).

Mejia-Mojica & Diaz-Pardo (1991) de-

scribed as unique for A. ''fasciatus'' the

presence of a small plate with teeth on the

third suspensory pharyngeal; however, it is

not exclusive to this species. We found this

plate in almost all populations of A. mexi-

canus studied. Here we provide the first re-

port of teeth on the second suspensory pha-

ryngeal for A. mexicanus.

Most other osteological elements of A.

mexicanus are very similar to those de-

scribed for Astyanax ''fasciatus'' and are

not discussed further. In general, osteology

of A. "'fasciatus'' of Mejia-Mojica and

Diaz-Pardo (1991) resembles that of other

southern forms previously described by

Valdez-Moreno (1997), e.g., infraorbital 2

with a short base, infraorbital 3 with a dor-

so-posterior projection and angulate shape,

and supraoccipital long (in dorsal view)

with a narrow base. Southern forms studied

by Valdez-Moreno (1997) appear to be A.

aeneus, based on the work of Lozano and

Contreras (1991).

The main osteological difference found

between the skull of A. mexicanus and Bry-

con meeki, a well-described "representative

of characid osteology" (Weitzman 1962), is

the presence of supraorbital bones in the

latter. The possible significance of the pres-

ence or absence of the supraorbital in char-

acid fishes was discussed by Weitzman &
Malabarba (1998). The shapes of the in-

fraorbitals, antorbital, quadrate and angu-

loarticular are different in A. mexicanus and

B. meeki. The rhinosphenoid is larger in B.
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meeki than in A. mexicanus. There are three

rows of teeth on the premaxilla in B. meeki,

two in A. mexicanus. There are 13-15 teeth

on the maxilla is 13 to 15 in 5. meeki, one

or two in A. mexicanus. The pterotic pro-

cess and sphenotic are longer in B. meeki

than in A. mexicanus. The distribution of

teeth on the superior pharyngeal (in five

rows in B. meeki) is not the same in Asty-

anax (irregular). The canals of the accous-

tico lateralis system in A. mexicanus are

similar to those of Brycon meeki, except the

anterior portion of the canal in the frontal

bone in the former is wider. B. meeki has

more anterior gill rakers (31 to 33) than A.

mexicanus (18 to 21). Finally, A. mexicanus

has teeth on suspensory pharyngeals 2 and

3 whereas B. meeki does not.

A comparison of A. mexicanus with other

tetragonopterinae, like Paracheirodon ax-

elrodi (Schulz, 1956), reveals even more
differences: P. axelrodi lacks infraorbitals

4, 5 and 6, and major structural differences

are evident in infraorbitals 1 and 2, the pter-

otic, opercle, hyomandibular, sphenotic, ri-

nosphenoid, and orbitosphenoid (Weitzman

& Fink 1983).

The figures of the posterior region of

skull and pectoral girdle of female Astyanax

mexicanus, that appeared with no explana-

tions in Weitzman & Fink (1983), are con-

sistent with our observations.

The presence of two rows of teeth on the

premaxillae in our specimens agrees with

previous reports for the genus by Eigen-

mann (1921), Gery (1977) and Mejia-Mo-

jica & Diaz-Pardo (1991). We found the

number of maxillary teeth to be only one

or two; this agrees with data of Eigenmann

(1921), Gery (1977) and Mejia-Mojica &
Diaz-Pardo (1991) and is within the range

(zero to three) given by Contreras & Rivera

(1985) for Mexican forms. The last authors

followed Gery (1977) in reporting up to

seven maxillary teeth for Central American
forms. None of the above citations referred

specifically to A. mexicanus. Alvarez del

Villar (1970) considered the maxillary teeth

smooth ("no aserrados", sic), and Contrer-

as-Balderas & Rivera (1985) reported teeth

tricuspidate for the genus Astyanax; we
found these teeth with five to eight cusps in

A. mexicanus.

The number of dentary teeth in our spec-

imens is the same as that reported by Gery

(1977). Alvarez (1970) and Mejia & Diaz-

Pardo (1991) mentioned that dentary teeth

are pentacuspid in Astyanax, whereas Con-

treras & Rivera (1985) indicated that they

are tricuspid for the genus. Apparently,

number of cusps is variable in this genus,

and may be subject to abrasion, so this

character should be considered with cau-

tion.

Malformations in the premaxillae (Fig.

12) and the fourth infraorbitals (Fig. 5)

were detected in two specimens from Rio

Salado and Rio Alamo. Cailliet et al. (1986)

described deformations on the jaws and

head of other species of fish, related to he-

redity and/or enviromental factors. How-
ever, this is the first time that malformations

are reported for Astyanax, and the causes

were not addressed in this study.
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Geographic variation in Poecilia Bloch and Schneider, 1801

(Teleostei: Poeciliidae), with descriptions of three new species and
designation of lectotypes for P. dovii Giinther, 1866 and for

P. vandepolli van Lidth de Jeude, 1887

Fred. N. Poeser

Zoological Museum of Amsterdam, Department of Ichthyology, P.O. Box 94766,

1090 GT Amsterdam, The Netherlands

Abstract.—The South American cyprinodontiform fish species with the ver-

nacular name "mollies" are analyzed and three new species of the genus Poe-

cilia are described and figured, viz., P. boesemani, n. sp. from Port of Spain,

Trinidad, P. koperi, n. sp. from coastal areas of Venezuela and Colombia, and

P. wandae, n. sp. from the Zulia district, Venezuela, west of Lake Maracaibo.

Thirteen species of Poecilia are presently recognized from the northeastern part

of South America and adjacent islands, viz., six mollies (including P. vivipara

and P. caucana), five micropoeciliids, P. heterandria and the guppy {P. retic-

ulata). Two different populations in both P. koperi and P. wandae are recog-

nized, based on variation in pigmentation. From the type series of P. dovii

Giinther, 1866 and P. vandepolli Van Lidth de Jeude, 1887 lectotypes are se-

lected. Four subspecies of P. gillii are recognized as morphologically and geo-

graphically distinct populations.

Poecilia reticulata, P. heterandria, P. bifurca, P. parae, P. picta, P. branneri

and P. minima are not considered herein, whereas P. laurae remains a species

inquirendae. A geocline in characters of the species of Poecilia is recorded and

an evolutionary scenario is discussed.

This paper seeks to extend our biogeo- sphenops Valenciennes, 1846 (Regan 1913:

graphic knowledge of the genus Poecilia 1013; Price 1955:18; Boeseman 1960:122);

Bloch & Schneider, 1801 and describes P. vandepolli van Lidth de Jeude, 1887 (de

three new species from the southern end of Beaufort 1940:111; Schultz 1949:84, 97-

the range of this genus. The present study 99; Feltkamp and Kristensen 1969); or

records seven species from the northeastern mentioned as 'unidentified species' (Rosen

part of South America. Whereas the number & Bailey 1963:48).

of poeciliid species constitutes a dominant Regan (1906-08) examined variation

part of the Central American fish fauna, this within the species of Poecilia and extended

is not the case in South America. Miller our knowledge of the expression of mor-

(1983) constructed a key and checklist for phology and pigmentation (Regan 1906-08,

the Mexican species, but there are no com- fig. 13), as well as the geographic range

prehensive lists for the species of Poecilia (from northern Mexico to the Leeward Is-

from Central and South America. Speci- lands) of the P. sphenops complex,

mens of the species herein described as With the discovery of the structures of

new, viz., P. koperi, P. boesemani and P. the gonopodial tip as a taxonomic tool (Ei-

wandae, were previously identified as either genmann 1907), Regan (1913) reorganized

P. vivipara Bloch & Schneider, 1801; P. species groups in the subfamily Poeciliinae.
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With respect to the P. sphenops complex,

he allocated P. sphenops to the genus Mol-

lienesia on the basis of identical gonopodia

of M. latipinna and M. sphenops. Moreover,

the number of dorsal fin rays of M. formosa

was intermediate between the numbers

found in M. latipinna and M. sphenops,

which therefore rendered the character in-

valid. Although Regan did not mention P.

vandepolli, the geographic range of his M.

sphenops still included the Leeward Is-

lands, i.e., the Lesser Antilles.

The importance of the gonopodial tip

was also recognized by Hubbs (1924), who
used the gonopodium as "the chief distinc-

tive feature of the Poeciliidae (as here de-

limited)." The M. sphenops group was de-

fined by Hubbs (1926) as "the multitude of

races allied to, or inseparable from M.

sphenops. '' This group was separated from

M. latipinna and allies by the number of

dorsal fin rays. For M. sphenops, Hubbs
was "unable to delimit, in either distribu-

tion or in characters, any multitude of ele-

mentary species making up the sphenops

complex of Middle America. The problem

of determining the relationships of the di-

verse types, many of which have received

specific names, is in prospect a most fas-

cinating study."

The situation remained promising, even

after the revision of Rosen and Bailey

(1963), who listed a total of 35 nominal

species in their synonymy of P. sphenops.

Schultz and Miller (1971) mentioned: ".
. .

a thorough study of the whole complex and

the type specimens will be required before

systematic units and the nomenclature can

be convincingly coordinated." Species rec-

ognition was aided by dental analyses

(Schultz and Miller 1971), i.e., unicuspid

and tricuspid species were recognized. Oth-

er alpha-taxonomic features (meristic and

morphologic characters, body and fin color,

even allozyme data) remained confusing.

Rivas (1978) remarked that "proportional

body measurements are [to be] omitted . . . ,

there is considerable variation in characters

individually, ontogenetically, seasonally.

geographically, and environmentally and,

therefore, they are of little or no value in

distinguishing species (except in relative fin

position)." Extensive and detailed investi-

gations (Schultz and Miller 1971, Menzel

and Darnell 1973, Miller 1975) resulted in

a checklist for the Central American mollies

(Miller 1983), which included eight species

of Central American short-finned mollies.

No species were mentioned from outside

this range. Comparisons of the Mexican

species to those of Central and South Amer-

ica (Poeser 1992, 1995, 1998) have led to

the present study.

Methods

Some 17 lots of Poecilia vandepolli, in-

cluding the type series of P. vandepolli van-

depolli and P. V. arubensis, have been re-

examined. From the type series, a lectotype

is selected. Meristic data and inner jaw den-

tition (cf. Schultz and Miller 1971) received

special attention. Vernier calipers were used

to record distances to 0.1 mm. The average

of the measurements and counts are given

and compared to a similar study of Felt-

kamp and Kristensen (1969) and to the data

of P. vivipara and of P. gillii.

In the description of the new species,

proportional morphometric values (Table 2)

are recorded in thousandths of the standard

length (SL), following Miller (1975). The

small size of P. wandae made measure-

ments difficult to impossible and therefore

some were omitted. Meristic characters fol-

low Hubbs and Lagler (1947). In the type

series of P. wandae, all specimens have

damaged caudal fins; therefore, the caudal

fin ray count is estimated. Terms concern-

ing the shape of inner jaw dentition follow

Garman (1895). Melanophore pigmentation

of preserved specimens and gonopodial

structures are also recorded (Figs. 1 to 4).

The combined data are used to evaluate

relationships between the newly described

species. A key to the species is provided in

Appendix 1.
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The following abbreviations are used in

the species diagnosis provided below.

A = anal fin rays

BS = scales around the body

CPD = least depth of the caudal peduncle

CPS = scales around the caudal peduncle

D = number of dorsal fin rays

G = gonopodial ray

LLS = lateral scales

P = pelvic fin rays

PL = predorsal length

PS = predorsal scales

SL = standard length

Systematics

The genus Poecilia is diagnosed by the

shape of gonopodial ray 4p, which has six

to fourteen unserrated distal segments, fol-

lowed by dorsally serrated subdistal seg-

ments (cf. Miller 1975). The genus consists

of several ill-defined subgenera. A more de-

tailed analysis is in progress.

In the subgenus Poecilia, ventral spine-

like serrae are present on the third gono-

podial ray. Gonopodial rays 4a and 4p are

very similar, as are rays 5a and 5p. The P.

sphenops species group has terminal seg-

ments of gonopodial ray 4a and of gono-

podial ray 4p close to each other, giving the

gonopodium a sharp appearance. The mem-
bers of this species group are moderately

sized to large, with nuptial specimens usu-

ally larger than 35 mm SL. The members
of the P. caucana species group are defined

by the relative thickness of gonopodial ray

4p versus 4a. The tips of these rays are

split, making the gonopodium blunt. Nup-
tial specimens are less than 35 mm SL.

Poecilia vivipara Bloch & Schneider,

1801

Poecilia vivipara Bloch & Schneider, 1801:

452, pi. 86, Fig. 2 (type locality: Suri-

nam).

Poecilia surinamensis Humboldt & Valen-

ciennes, 1821:158 (type locality: Suri-

nam, French Guyana, Brazil).

Poecilia unimaculata Humboldt & Valen-

ciennes, 1821:158 (type locality: Brazil,

Rio de Janeiro).

Poecilia schneideri Humboldt & Valenci-

ennes, 1821:159 (type locality: Surinam).

Neopoecilia holacanthus Hubbs, 1924:11

(type locality: Puerto Rico, introduced).

Material—West Indian Antilles: ZMA
120.384 (22), St. Lucia, freshwater pool,

±1 km west from Fort Vieux, coll. J. H.

Stock, 20-n-1974.

Guyana: BMNH 1974. 10. 10. 527-619

(7 out 93), Georgetown, Seawall trench, no

date; CAS 59364 (12), Georgetown trench-

es, C. H. Eigenmann 1908; CAS (SU)

21784 (2), same data as CAS 59364;

USNM 66278 (2), same data as CAS
59364; ZMA 100.629 (2), same data as

CAS 59364; ZMA 119.912 (3), East Coast

Demerara, Turkeyen, drainage canal, coll.

M. Tamessar, 28-M987; ZMA 119.913 (6),

East Coast Demerara, Bel Air, stagnant

ditch, coll. M. Tamessar, 28-L1987; ZMA
119.917 (4), East Coast Demerara, Indus-

try, shallow pool, coll. M. Tamessar, 28-1-

1987; ZMA 121.005 (5), Guyana, coll. E
Vermeulen, no date; ZMA 121.007 (15),

Guyana, coll. F Vermeulen, 1992; ZMA
121.009 (5), Guyana, coll. E Vermeulen,

1992.

Surinam: MNHN B. 932 (5 syntypes of

P. surinamensis), Surinam River, Levail-

lant, no date; MNHN 4391 (48 syntypes of

P. surinamensis), Cayenne, Rousseau, no

date; MNHN B. 918 (60), without exact lo-

cality, Duvernoy, no date; RMNH 18516

(2), Surinam, coll. J. Th. Noordijk, August

1887; ZMA 105.332 (2), Paramaribo-west,

garden canals, coll. H. Nijssen, 12-XII-

1966; ZMA 106.757 (16), Marowijne Riv-

er, coastal plain on Tijgerbank, west of

mouth, coll. H. Nijssen, l-IV-1966; ZMA
115.118 (45), Surinam district. Lagoon 7 &
8, 05°59'N, 54°49'W, coll. M. P Panday,

22-IV-1974; ZMA 115.121 (20), same data

as ZMA 115.118; ZMA 119.908 (6), Suri-

nam River, pool near beach at Braamspunt,

coll. I. Kristensen, 14-in-1960; ZMA
121.000 (4), Paramaribo, Mason Street, pol-
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luted trench, coll. F. Vermeulen & W. Suy-

ker, 24-III-1991.

French Guiana: USNM 121833 (9), Cay-

enne, Carriera Guila, S. F YoUes 1945;

USNM 121834 (2), Cayenne, Pont Magie,

S. F Yolles 1945; USNM 121835 (9), Cay-

enne, Ruisseau de I'institute-eau douce, S.

F Yolles 1945; USNM 149938 (4), Cay-

enne, S. F Hildebrand 1945.

Brazil: RMNH 2724 (2 syntypes of P.

unimaculata), Rio de Janeiro, coll. Dela-

lande, no date; ZMA 100.628 (1), Brazil,

coll. Moesch, 1884; ZMA 116.210 (14),

Rio Grande do Norte, Rio Agu (Rio Assu),

downstream of Macau, coll. R. Boddeke,

10-1-1979.

Diagnosis.—A == 8; D = 7; C = 16—18;

LLS = 24—26; CPS =16. Poecilia vivipara

may have a midlateral spot or blotch in both

sexes, a unique character in the subgenus.

The gonopodium has no extruding hooks or

spines, gonopodial ray 4a with serrae on

dorsal surface.

Description.—Medium sized species,

mature males smaller than 50 mm and fe-

males smaller than 60 mm. The body is

truncate and displays dark stripes on the

sides. The caudal and dorsal fins have black

markings, with broad yellow margins. The
caudal fin has black margins, at the base

broader than at the terminal end. There is

some variation in the presence or absence

of the spot at the side of the body. No ex-

tensive records are available of the extent

of this variation. In the populations in

which it is present, the blotch is also prom-

inent in young specimens. The gonopodium
is figured in Miller (1975), the presence of

dorsal serrae on ray 4a are unique within

the subgenus.

Distribution.—Poecilia vivipara is found

in coastal habitats from Venezuela to Ar-

gentina. It is also found on some islands of

the Lesser Antilles.

Remarks.—Garman (1895) diagnosed

this species and provided a list of syno-

nyms. He also explained the obvious aber-

rant figure in the original description.

Hubbs (1926) synonymized Neopoecilia

holocanthus, correcting his misidentifica-

tion.

Poecilia mexicana Steindachner, 1863

Poecilia mexicana Steindachner, 1863:178,

pi. 4, fig. 1, la (type locality: Mexico,

Orizaba).

Poecilia thermalis Steindachner, 1863:181,

plate 4, fig. 3, 3a (type locality: Central

America, warm springs).

IGambusia (?) modesta Troschel, 1865:105

(type locality: Mexico).

IGambusia {!) plumbea Troschel, 1865:106

(type locality: Mexico).

Poecilia chisoyensis Giinther, 1866:342

(type locality: River Chisoy, Vera Paz).

Poecilia dovii Giinther, 1866:344 (in part;

type locality: Mexico; lectotype is P. gil-

lii).

Poecilia limantouri Jordan & Snyder, 1900:

116-117, 129-131 (type locality: Tam-
pica, Tamaulipas, Mexico).

Mollienesia sphenops vantynei Hubbs,

1935:11, plate 2, fig. 1 (type locality:

Guatemala, Uaxactum, Rio Hondo).

Mollienesia sphenops macrura Hubbs,

1935:12, plate 2, figs. 2-3 (type locality:

Guatemala, Rio San Pedro de Martir).

Mollienesia sphenops altissima Hubbs,

1936:239, plate 9, figs. 1-3 (type locality:

Mexico, Yucatan Peninsula, Miramar
Spring).

Mollienesia sphenops melanistia Hubbs,

1937 (type locality: Mexico, Tamaulipas,

Arroyo Marmoleyo).

Mar^r/a/.—Barbados: BMNH 1970.1.29:

1 (1) Barbados, coll. R. Heath, no date;

RMNH 24814 (55), rivulet near Three Mills

(13°10'N, 59°27'W), coll. I. Kristensen,

13.6.1961; RMNH 24804 (6), rivulet at

Three Mills (13°10'N, 59°27'W), coll. I.

Kristensen, 13.6.1961; RMNH 24809 (5),

rivulet near Three Mills (13°10'N,

59°27'W), coll. I. Kristensen, 13.6.1961.

Diagnosis.—A = 9; D = 9-10; C = 18-

22; LLS = 26-27; CPS = 18.

Description.—Poecilia mexicana is rath-

er variable in its morphology. This is a trun-
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cate, torpedo shaped species in northern

Mexico but ranges to high, laterally flat-

tened specimens at the eastern end of the

range in the Yucatan Peninsula. While the

northern populations possess deeply blue

pigmented bodies, alpha-males of the Yu-

catan populations have a more copper-red

body. The fin pigmentation is also varying,

from totally black at the base of the fin with

an orange outer area (in northern popula-

tions) to a black and yellow reticulate pat-

tern (on the Yucatan Peninsula). Between

these extremes clinal variation is noted.

In the Barbados material, both males and

females exhibit considerable variation in

their pigmentation, especially the speci-

mens in RMNH 24804 have many spots on

their body (perhaps a basis for why they

were separated from the other lots). Fe-

males have nine anal fin rays, some females

have 10 dorsal fin rays. The membranous
hook on gonopodial ray 3 is extremely

small, without a bony spine. Several spec-

imens have 20 caudal fin rays, whereas all

specimens have 1 8 scales around the caudal

peduncle.

The diagnostic features of P. mexicana

generally most closely agree with the nom-
inal subspecies P. gillii gillii (see below),

with the exception of the number of scales

around the caudal peduncle (18 versus 16

in P. gillii).

Distribution.—Poecilia mexicana occurs

on the Atlantic coast of Central America,

from the Texas border, through Yucatan into

Guatemala and Costa Rica. The population

found on Barbados is probably derived

from escaped aquarium specimens, which is

confirmed by their abnormal variability in

body pigmentation.

Poecilia gillii

(Kner & Steindachner, 1864)

Xiphophorus Gillii Kner and Steindachner,

1864: in Kner & Steindachner, 1865:25

(type locality: Panama, Rio Chagres);

Poecilia gillii', Giinther, 1868:395; Poe-

cilia sphenops gillii; Hubbs, 1953:145.

Poecilia mexicana [non Valenciennes,

1863]; Poeser, 1992:86 (misidentifica-

tion).

Poecilia thermalis [non Steindachner, 1863]

Giinther, 1866:341 (type locality: San

Salvador, warm springs).

Poecilia dovii Giinther, 1866:344 (in part:

type locality: Lake of Nicaragua).

Platypoecilus mentalis Gill, 1876:335 (type

locality: Isthmus of Panama).

Poecilia Boucardi Steindachner, 1876:386

(type locality: Colon, Panama).

Poecilia cuneata Garman, 1895:179, plate

V (type locality: Colombia, Gulf of Ur-

aba. Turbo); Poecilia sphenops cuneata\

Hubbs, 1926b:77.

Poecilia salvatoris Regan, 1907:65, plate

14, figs. 2-3 (replacement name for P.

thermalis Giinther, 1866).

Platypoecilus tropicus Meek, 1907:146

(type locality: Costa Rica, Turrialba).

Poecilia tenuis Meek, 1907:147 (type lo-

cality: Costa Rica, Tiribi).

Poecilia caudata Meek, 1909:209-210

(type locality: Costa Rica, Turrubares).

Poecilia spilonota Regan, 1908:460 (type

locality: San Jose, Costa Rica).

Lembesseia parvianalis Fowler, 1949:267—

269 (type locality: Africa, Congo system.

Oka).

Mollienesia sphenops petersi Schindler,

1956:1-4, fig. 1 (type locality: Honduras,

lake Yojoa).

Material.—Nicaragua: Lectotype of P.

dovii (BMNH 1863.12.16.77, Lake of Nic-

aragua, coll. captain J. W. Dow, no date). 5

Paralectotypes of P. dovii, (BMNH
1863.12.16.78-92, same data as BMNH
1863.12.16.77).

Costa Rica: 4 Syntypes of P. spilonota

(BMNH 1907.2.11.44-50, San Jose, coll. P
Bidley, no date).

Panama: NWM 21608 (1 syntype of

Xiphophorus Gillii), Rio Chagres, Panama,

no further data. MCZ 29433 (10), 1 mile

south of Panama City, coll. USFC Steamer

Albatross (Alex. Agassiz), 23-X-1904;

MCZ 33847 (10), ca. 9°43'N, 79°43'W, be-
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tween Gorgona and Matachin, collected be-

fore 1930; MCZ 54068 (10), small tributary

of main stream on left about 0.75 km up-

river of bridge, Bayano drainage, probably

Rio Canita, Panama, coll. W. L. Fink & K.

E. Hartel, l-IV-1978; USNM 050368 (14),

Panama, coll. C. H. Gilbert; USNM 64764

(17), Folks R. Swamp, Cristobal, coll. A.

H. Jenning, 4-VIII-1909; USNM 65618

(15), 1 mile south of Panama city, coll. Str.

Albatross, 23 X-1904; USNM 78837 (27),

Upper Trinidad, coll. Meek & Hildebrand,

7-III-1911; USNM 247529, (24) canals in

banana field, Bocas Province, California,

coll. Loftin, 2-IX-1962; USNM 247531,

(44) Rio Gaurumo, Bocas Province, coll.

Loftin, 18-IV-1963; USNM 247432 (10 of

50), Canal zone, behind Fort Clayton, res-

idential area, coll. Loftin & Tyson, 19-IV-

1962; USNM 247436, (6) Bocas del Toro,

Esendo de Verequas island, coll. J. Legler,

14-V-1962; USNM 247548, (35) San Bias,

small river opposite to Mulatupo island,

coll. Loftin & Evermann, 2-XII-1962;

USNM 247550, (18) San Bias, Rio Ada,
coll. Loftin, 16-Xn-1962; USNM 293473,

(10 of 51) 9°14'N, 78°58'W, Rio Tearbles,

Bayano drainage, Panama province, coll.

W. C. Sternes et al., 25-11-1985; USNM
293476, (23) 9°28'N, 79°3'W, Comarca
Kuna Yala, Rio Mandinga, coll. W. C. Ster-

nes et al., 5-III-1985; USNM 293494 (42),

Panama province, Rio Frijoles, above pipe-

line rd., N. of Gamboa (Rio Chagres drain-

age, Atlantic side), coll. W. C. Sternes et

al., 26-11-1985.

Colombia: 2 Syntypes of P. cuneata

(MCZ 6458, Turbo, Gulf of Uraba, Colom-
bia, coll. T. Barbour, no date); 3 Syntypes

of P. cuneata (USNM 120285, same data

as MCZ 6458); 5 Syntypes of P. Boucardi

(MCZ 32959, San Pablo (Aspinwall (Co-

lon), Quebrada San Pablo), coll. Hassler

Expedition (Steindachner & Mr. Boucard),

VII-1872); BMNH 99.3.15.27-29 (3), Mon-
key Hill, Colon, coll. Dr. H. Festa, no date.

Additional material from Nicaragua and

Panama in Poeser (1992), from El Salvador

in Poeser (1995).

Diagnosis.—A = 9; D = 9-10; CPS =

16; LLS = 26-29. In his checklist. Miller

(1983) was uncertain if P. gillii was differ-

ent from P. mexicana. Therefore, I have in-

cluded a discussion of this species in the

remarks section.

Description.—This species is very simi-

lar to P. mexicana, with the exception of

the number of scales around the caudal pe-

duncle. In P. mexicana, 18 scales around

the caudal peduncle are common.
Remarks.—All examined type material is

consistent with the above meristic data.

Over its extensive range, P. gillii shows

considerable variation in body shape and in

dorsal fin color, and moderate variation

gonopodial features. These variations ap-

pear to reflect intraspecific diversification,

justifying taxonomic separation, i.e., divi-

sion in subspecies. Carr & Giovannoli

(1950:17-18) reported the live colors of P.

gillii and the sympatric P. marcellinoi Poe-

ser, 1995 from Honduras: "One male with

yellow spots, a black blotch at the caudal

base and spotted dorsal and caudal fin, and

one female with black spotted sides (=P.

marcellinoi). One female with yellow spot-

ted sides, and a male with golden-orange

blotches, with a black blotch on the dorsal

base and rest of fin orange (=P. gillii).''

Poecilia gillii salvatoris is reported from

El Salvador, where males from most pop-

ulations are reported to have red dorsal fins

(Hildebrand 1925). This prompted Miller

(1994) to redescribe P. salvatoris Regan,

1907, although all other characters are as

found in the present study for P. gillii. Poe-

ser (1995) in his redescription of Poecilia

salvatoris agreed with the diagnosis of P.

salvatoris by Regan (1908), with the excep-

tion of the number of anal fin rays. Regan

(1908:104) mentioned 8-9 anal fin rays;

however, examination of 14 of his syntypes

did not yield any specimen with eight anal

fin rays, so Regan's account is judged er-

roneous. In the preserved material, no trace

of red was found in the dorsal fins. The red

finned western Central American popula-
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tions are here considered as a subspecies,

viz., P. gillii salvatoris.

Villa (1982) provided a key to the genus

Poecilia in Nicaragua, in which he recog-

nized three species, viz., P. gillii, P. sphen-

ops, and "an undescribed species with uni-

cuspid teeth". He mentioned (p. 134, trans-

lated from Spanish):

P. gillii: "Unicuspid inner teeth,

incomplete supraorbital system, preorbital

pores free, 26-28 (modally 27) lateral

scales, 16 scales around caudal peduncle,

28-30 (modally 30) vertebrae. Guatemala,

El Salvador, to Panama".

P. spec: "Unicuspid inner teeth, com-

plete supraorbital system, free preorbital

pores, 28-30 (modally 29) lateral scales, 18

scales around caudal peduncle, 28-30

(modally 30) vertebrae. Rio Ulya (Hondu-

ras), Lagunas Apoyeque and Xiloa, lake

Managua and Nicaragua, and Rio Sapoa &
Frio, Tilaran region, Costa Rica".

P. sphenops: "Tricuspid inner teeth, in-

complete supraorbital pores, preorbital

pores covered, 26-28 (modally 27) lateral

scales, 16-18 scales around caudal pedun-

cle, 28-30 (modally 29) vertebrae. Guate-

mala and El Salvador, Atlantic side of Hon-

duras, Nicaragua including the Great

Lakes".

Villa's diagnosis of P. sphenops fits the

description of P. marcellinoi (tricuspid in-

ner teeth, 16 scales around the caudal pe-

duncle). While his description of P. gillii is

accurate, his figure of P. gillii shows 9

transverse scales on the caudal peduncle,

which is a diagnostic character of P. mexi-

cana. I suspect the figures were switched.

His undescribed species might very well be

P. mexicana. The apparently aberrant num-
ber of lateral scales (also mentioned by

Bussing [1987]) is explained by character

displacement (cf. Poeser 1995). The only

synonym of P. sphenops in Rosen & Bailey

(1963) from Nicaragua is P. dovii Gtinther,

1866. Poecilia dovii was considered syn-

onymous with P. sphenops by Regan
(1908). Since the type material of P. dovii

contained specimens from P. mexicana

(with 18 scales around the caudal pedun-

cle), as well as from P. gillii (with 16 scales

around the caudal peduncle), it is only par-

tially alluded to the synonymy of P. gillii.

In honor of captain J. W. Dow, the lectotype

is selected from the lot he collected himself

in Nicaragua, which is P. gillii. Giinther

(1866) mentioned that P. dovii occurred

only in Guatemala and Mexico. However,

since the type locality includes Nicaragua,

this country should be included in the range

of distribution. The specimens from Lake

Amatitlan (BMNH 1865.6.10.13-15) are

not registered in the British Museum as

syntypes, and these were not studied. The
specific status of these types remains to be

determined.

Poecilia gillii appears to be nearly the

only species of Poecilia present in Costa

Rica. Meek (1914:116-117) placed all Cos-

ta Rican taxa in synonymy with Platypoe-

cilus tropicus i=P. gillii) as follows: "The

inland or fresh-water forms of this species

or variety found in Costa Rica are very var-

iable, and as a result several species have

from time to time described. . . . The fe-

males and many males of these inland

forms usually have a black spot at the base

of the middle dorsal rays, .... On many
specimens from salt and brackish water

some of the scales have a dark spot which

forms lines along the rows of scales. . . . On
many of the males, especially from larger

streams, the basal half of the caudal is

black, or with black blotches; on some of

these the basal half of the dorsal is also

black." Specimens with a black basal half

of the caudal fin, formerly described as P.

caudata Meek, 1909, are herein recognized

as a subspecies, viz., P. gillii caudata.

Bussing (1987) identified most of the

Costa Rican populations as P. gillii. He
gave the following description (translated

from Spanish): "Body with yellow spots, in

some females these spots are black. Scales

in a lateral series 26-28, mostly 27. Three

orbital pores in one line. In the males some-

times a large dorsal fin, with black spots or
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blotches at the base. Caudal fin with spots,

blotches or solid black pigmentation. Some
males with orange in their caudal fin. Other

fins yellow, head and body bluish. Note:

some males have a red dorsal. Large spe-

cies, up to 105 mm." Males possessing a

red dorsal fin are P. gillii salvatoris. Bus-

sing also recorded P. mexicana, in a much
lower frequency, i.e., three populations

from over fifty in total, widely apart from

each other (Bussing 1987:144, map 20). His

diagnosis for this species is: "Very much
like P. gillii. Yellow spots on body, black

in some females. 28-30 (modally 29) Lat-

eral scales, and three orbital pores, forming

a triangle. Dorsal and caudal spotted, rest

of fins yellow. It is also a large species, up

to 110 mm." Bussing (1987) illustrated P.

gillii and P. mexicana in his paper, and his

diagnoses of P. gillii and P. mexicana cor-

respond with the account of Villa (1982)

(see above). Surprisingly, Bussing did not

record any populations of P. marcellinoi.

Hubbs (1926, 1953) considered P. sphen-

ops in Panama either P. sphenops cuneata

(cf. Hubbs 1926), or P. s. gillii (cf. Hubbs

1953). Examination by me of Panamanian

populations confirms earlier findings of

profound morphometric differences, as well

as constant meristic data, in all Panamanian

populations. A conspicuous reduction of the

gonopodial spine on ray 5 is noted. In pop-

ulations near the Costa Rican border (Bocas

del Toro district of Panama) the spine is

distinct. In populations near Colombia, i.e.,

the San Bias area, it is reduced or absent,

as is found in P. koperi (Fig. 4a). This shift

in character expression from west to east is

not accompanied by meristic changes.

Although some populations contain poor-

ly pigmented, slender specimens, other pop-

ulations manifest heavily pigmented, stout

specimens. Nevertheless, all specimens

have nine anal fin rays, nine (or rarely ten

in the San Bias district) dorsal fin rays, 16

scales around the caudal peduncle, 18

scales around the body, and 26 to 29 scales

in a lateral series. The consistency of these

counts suggests that all populations belong

to the same species.

Because the missing spine is of taxonom-

ic significance, this form was named P. gil-

lii cuneata Garman, 1895. The populations

of P. gillii from Panama examined in the

present study are partly sympatric with P.

marcellinoi like in El Salvador (Poeser

1995). Poeser (1992) reported a male with

an aberrant gonopodium from Nicaragua

(GCRL 6697), identified then as P. mexi-

cana mexicana. Re-examination of my
notes proved that the identification and lo-

cality was wrong. The sample containing

this male was GCRL 8748, viz., P. gillii

cuneata from Panama.

Rosen & Bailey (1963) considered Lem-

besseia parvianalis a synonym of P. sphen-

ops. However, since L. parvianalis has uni-

cuspid inner teeth. Miller (1983) placed it

in the synonymy of either P. mexicana or

P. gillii. Based on the original description,

in which 8 transverse scales on the caudal

peduncle are illustrated, I assign it to the

synonymy of P. gillii. Fowler's (1949) re-

cord is important for its taxonomic value.

The P. sphenops group, if raised to generic

level, would become Lembesseia (with L.

surinamensis (=P. sphenops) as type spe-

cies).

Distribution.—Poecilia gillii is recorded

from the Pacific coast of Guatemala to the

Atlantic coast of Colombia. In northern re-

gions, from Guatemala to Costa Rica, it is

represented by the subspecies P. gillii sal-

vatoris. The subspecies P. gillii caudata oc-

curs in Costa Rica, whereas P. gillii gillii

is present in Panama. The South American

populations, as well as adjacent populations

in Panama, are considered to be P. gillii

cuneata. The type locality of P. cuneata

was designated "Turbo, Gulf of Darien"

(Garman 1895). Rosen and Bailey (1963)

added 'Panama' to this locality. However,

study of several maps did not confirm this

addition. The nearest village with that name

is near the Gulf of Uraba, an extension of,

and sometimes also so-called, the Gulf of



364 PROCEEDINGS OF THE BIOLOGICAL SOCIETY OF WASHINGTON

Darien, in Colombia. I presume that this is

the correct type locaUty.

Poecilia caucana (Steindachner, 1880)

Girardinus caucanus Steindachner, 1880:

87, plate 4, figs. 4, 5 (type locahty: Co-

lombia, Caceres); Allopoecilia caucana

Hubbs, 1924:11.

Ma^^r/^/.—Colombia: UMMZ 186317

(51), Depto. Cordoba, Tierra Alta, Rio

Sinu, coll. W. Moberley & K. Adler, 1965.

Venezuela: UMMZ 186931 (54), Rio

Monay, coll. F. F. Bond, 1938; UMMZ
186934 (24), Quebrada Goajira, F F Bond,

1938; UMMZ 186937 (44), Rio Bucares,

coll. F F Bond, 1938; USNM 86264 (4),

Valera, Trujillo, coll. H. Pitteir, 1923;

USNM 121677 (33), Rio Motatan, 4 km
above Motatan, coll. L. R Schultz, 25-III-

1942.

Panama: USNM 293444, (7), Rio Meteti,

Darien Province, 40 km NNW of Yaviza,

coll. W. C. Sterns et al., 24-11-1985; USNM
293574, (10), Rio Peresinico, Darien Prov-

ince, coll. B. Chernoff, J. Lundberg, L.

McDade, 23-11-1985.

Diagnosis.—A = 8; D = 7-8; C = 18-

22; LLS = 26-27; CS = 16; CPS = 14.

Poecilia caucana is a small to medium
sized species, characterized by a black band

in its dorsal fin. The gonopodium has ray

4p with broader rays than ray 4a.

Description.—This is one of the smaller

species of the genus. The largest specimens

examined are a female of 37.4 mm SL and

a male of 27.2 mm SL. The dorsal fin has

a black transverse band at the base. This fin

is usually milky white or yellow, although

also red fins are reported in aquarium lit-

erature. The other fins are unmarked.

The gonopodial characters figured in Ro-

sen and Bailey (1963) are of considerable

interest because gonopodial ray 4p is thick-

er than ray 4a. In addition, the hook on gon-

opodial ray 5 is weakly developed.

Distribution.—Atlantic slopes of Pana-

ma, Colombia and Venezuela.

Poecilia vandepolli van Lidth de Jeude,

1887

Poecilia Vandepolli van Lidth de Jeude,

1887:137, PI. 2, Figs. 4 and 5 (type lo-

cality: Curagao).

Poecilia Vandepolli arubensis van Lidth de

Jeude, 1887:138, PI. 2, Figs. 6-10 (type

locality: Aruba).

Lectotype.—Curasao: RMNH 5155,

adult male, Curasao, coll. Neervoort and v.

d. Poll, no further data.

Paralectotypes.—KMnn 33843 (4),

same data as RMNH 5155.

Material.—Aruba: RMNH 5156 (6 syn-

types of P. Vandepolli arubensis), Aruba,

coll. Neervoort and v. d. Poll, no further

data. See also tables below, details in Poe-

ser (1992).

Diagnosis.—A = 8-9; D = 7-8; C = 16;

LLS = 26—27; CPS = 16. Several speci-

mens have humeral blotches anterior to the

position of the lateral side spot as occurs in

P. vivipara. The gonopodium lacks extru-

sions on ray 3 and 5p.

Description.—Poecilia vandepolli is re-

ported to have specimens with orange on

the ventral side of the body, yellow speci-

mens with blue sides and grayish brown
specimens in the same population (Felt-

kamp and Kristensen 1969). Speckled spec-

imens, allegedly only occurring in Vene-

zuelan populations (Feltkamp and Kristen-

sen 1969), also appear on Curasao. The pig-

mentation at the base of the dorsal fin forms

a blotch, in addition to dark spots. The body

may have a humeral blotch, positioned

more anteriorly than a similar such patch of

color in P. vivipara. The females tend to be

paler than males.

The gonopodium, figured in Poeser

(1992), is like that of P. vivipara, with the

exception of the serrae on ray 4a. When
fully developed, a little membranous bulge

is found on gonopodial ray 3, which covers

extruding serrae.

Description of the types.—The lectotype

is a mature male, 27.3 mm SL. It has 8

dorsal fin rays and 16 scales around the
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caudal peduncle. Several scales in the lat-

eral series are missing on this specimen and

the caudal fin is damaged, so no further me-

ristic data can be given. Gonopodial ray 3

has a long terminal segment, the hood is

short. An extremely short extrusion similar

to a small hook is present. Gonopodial ray

4a is unmodified, ray 4p has eight unmod-

ified distal segments followed by serrated

segments. Gonopodial ray 5a is one seg-

ment longer than 5p. Subdistal ventral mod-
ifications occur on ray 5a. The largest fe-

male paralectotype, 47.5 mm SL, has about

25 scales in a lateral series (this number is

not accurate because some scales are miss-

ing). It has nine dorsal fin rays and nine

anal fin rays, the caudal fin is damaged.

The specimens in the type series from

Aruba are much smaller. The largest male,

22.0 mm SL, has a gonopodium like the

lectotype, with seven distal unmodified seg-

ments on gonopodial ray 4p and no trace of

a hook on ray 3. It has 8 dorsal fin rays, 16

scales around the caudal peduncle, and

about 24 scales in a lateral series (some

scales are missing). The caudal fin is dam-

aged. This male has a pigmented band

proximally on the dorsal fin and a pig-

mented humeral blotch. The largest female

(26.5 mm SL) has eight anal fin rays and

nine dorsal fin rays. The caudal fin is dam-

aged. Sixteen scales are found around the

caudal peduncle and 27 in a lateral series.

To establish morphometric and meristic

variations a detailed examination of 15 pop-

ulations was carried out. Some 12 lots were

examined from Aruba, and three lots from

Cura9ao (Table 1).

Distribution.—Poecilia vandepolli oc-

curs naturally in all kinds of waters of the

Netherlands West Indies (Aruba, Curasao,

and Bonaire). It is introduced on St. Maar-

ten/St. Martin (Poeser 1992).

Poecilia koperi, new species

Fig. 1, Table 2

Poecilia vivipara (non Bloch & Schneider,

1801); De Beaufort, 1940:111.

Poecilia sphenops (non Valenciennes,

1846); Regan, 1913:1013 (in part).

Poecilia sphenops vandepolli (non Van
Lidth de Jeude, 1887); Schultz, 1949:84,

97-99 (in part).

Poecilia sphenops cuneata (non Garman,

1895); Hubbs, 1926:77.

Holotype.—Adult male, UMMZ 223343,

Venezuela, Rio Curipe at Higuerote, coll. F.

F Bond, 2-V- 1938.

Allotype.—Adult female, UMMZ
223344, same data as UMMZ 223343.

Material—Bymn 1909.2.25: 53-56 (5),

Venezuela, coll. Arnold, no date; UMMZ
200738 (15 of 123), 2 km N of Ocumare,

lagoon on flats near mouth of Rio Cumboto,

coll. F F Bond, 5-M938; UMMZ 200740

(15 of 57), Rio Guaiguaza, 3 km W of Por-

to Cabello, 2 km from mouth of river, coll.

F F Bond, 15-1-1938; UMMZ 200744 (12),

Rio Sanchon, 5 km W of Tavorda, 10 km
W of Porto Cabello, coll. F F Bond, 26-1-

1938; UMMZ 200753 (15 of 430), Lagun-

ita, 5 km W of Coro, Estado Falcon, coll.

F F Bond, 19-in-1938: UMMZ 200755 (15

of 1 15), Falcon, Laguna del Rio Capatarida,

at mouth, 5 km N of Capatarida, coll. F F
Bond, 2-III-1938; UMMZ 200760, (15 of

152), Falcon, Coastal lagoons, 15 km N of

Maracaibo, coll. F F Bond, 6-IV-1938;

UMMZ 200761 (13 of 202), same data as

UMMZ 223343; UMMZ 200762 (15 of

80), Estado de Miranda, Lagunita de Taca-

rigua, at Tacarigua, 85 km E of Caracas on

the coast, near the boca, coll. F F Bond, 3-

n-1939; UMMZ 200764 (28), Boca del Rio

Cumboto, 2 km NW of Ocumare; ZMA
109.206 (6), La Goajira, Rio Calancala, San

Antonio, coll. P. Wagenaar-Hummelinck,

17-M937; ZMA 119.909 (30), Paraguana

Estangue de Moruy, coll. P. Wagenaar-

Hummelinck, 18-n-1937; ZMA 119.910

(15), Paraguana, Estangue de Santa Ana,

coll. P. Wagenaar-Hummelinck, 16-11-1937;

ZMA 120.885 (4), 2 km N of Barcelona,

Rio Guanta, coll. P. Wagenaar-Humme-

linck, 1936.
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Table 1 .—Overview of standard lengths, proportional measurements and meristic data of Poecilia vandepolli.

SL Pred CPd ADC LLS CPS

Aruba

ZMA 100.600. The fish were caught in a small freshwater stream, Rooi Prins at 'Plantage Fontein'. The lot

contains small specimens, of which the largest male (20.7 mm SL) has an unclear humeral spot. The gonopodium

of this male is fully developed. The bodies are olive brown, without any additional pigmentation. Dorsal fin

pigmentation lightly spotted, darker in males than in females. (Three additional small males are without a humeral

blotch.) Eight females (22-31 mm SL), eight subadults and 30 juveniles complete this lot.

Males 19.4 575 175 — 8 16 25.5 15

Females 26.0 610 156 8.8 7.5 15.8 26.1 15.6

ZMA 100.606. This lot was collected in a freshwater pool at 'Plantage Fontein'. It contains medium sized

specimens, largest males about 35 mm SL with a clear humeral blotch (at scale 5 of LLS) and a large dorsal

fin that reaches the base of the caudal fin. The dorsal fin has a large anterior blotch at the base.

In this lot there is a total of six males with humeral blotch, all adults, of which two males do not possess a

blotch, 14 females (30-48 mm SL), eight subadult and 30 juveniles.

Males 34.6 551 207 — 8.3 18 26.3 16

Females 43.3 613 173 9 8 16.4 26.5 16

ZMA 100.607 is a sample from a small pool of freshwater at 'Fontein Plantage'. Only one fully grown male

(without blotch) is present, with one fully grown female. It further contains three subadults and five juveniles.

Male 33.6 533 162 — 8 17 25 16

Female 41.9 616 159 9 8 17 27 16

ZMA 100.608, again from a small freshwater pool at 'Fontein Plantage'. Two males in this sample have a

blotch, viz., the largest and the smallest males. One male is without blotch. One large female is present, together

with one small female. 12 Juveniles.

Males 30.9 581 200 — 8 17 26.3 16

Females 34.0 611 170 9 8 16 27 15

ZMA 102.212. Pool at the well 'Rooi Prins'. Males in this lot have faded humeral blotches. The largest males

have the dorsal fins to caudal base, with an anterior blotch at the base.

Males 30.6 588 180 — 8 16 26 16

Females 33.1 653 171 9 7.8 18 26 15.7

ZMA 120.413. 'Spaans Legioen'. 54 Small, dark specimens, of which 22 are males, 25 are females, six subadults

and one juvenile. No characteristic coloration can be observed. Dorsal fins and anal fins are damaged.

Males 23.7 602 184 — — 17.7 26.3 16

Females 26.4 607 177 — — 16 25.7 15.7

ZMA 120.414. This lot is from 'Rooi Awa Marga', which is a slow stream. One small male with a completely

developed gonopodium is present, with five small females and five juveniles.

Male 16.0 563 163 — 8 16 25 16

Females 21.6 602 153 8 7 16.5 25.5 16

ZMA 120.415. Salinja master, caught at an abandoned saltpan (24 g Cl/1). The sample contains five males, three

females, three subadults and 3 juveniles. The scales of these specimens are white and hard, probably caused by

the high salinity.

Males 24.7 633 167 — 8 16 26 16

Females 25.8 627 149 9 7.5 15.5 26 16

ZMA 120.422. Salinja master, east. Again the abandoned saltpan (6 g Cl/1). Nine males, of which the two largest

were very dark. These two specimens are not recorded in the table. 19 Females are found, of which one has

many irregularly positioned spots. Eight subadults and four juveniles complete this lot.

Males 22.8 598 172 — 8 16 26 16

Females 23.3 638 149 8.7 8 15.7 26.5 15.8

ZMA 120.423. 'Bron Rooi Prins' pool. It contains sixteen males, twenty-three females and 4 subadults.

Males 31.0 606 187 — 8 16 25.3 16

Females 35.8 627 172 9 8 18 25.8 16
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Table 1.—Continued.

SL Pred CPd LLS CPS

ZMA 120.425. 'Salinja Balashi'. 9 Males, fifty-eight females, eighteen subadults and 2 juveniles. This population

has some extra-ordinary features. The population consists of more or less colorless specimens. The males are

few in number, and one specimen seems of intermediary sex, i.e., does not have his gonopodium fully developed

while being large enough. The other eight males are normally developed. Many females only have eight anal

fins.

Males 22.0 562 187 — 8 16 25 16

Females 29.3 616 169 8.3 7.8 16.6 26.3 16

ZMA 120.437. 'Fontein pond'. Seven males, six females, five subadults and one juvenile.

Males 32.5 577 190 — 7.7 16.7 25.7 16

Females 27.5 626 144 9 8 16.7 27.5 16

Curasao

ZMA 100.603. Zaquito. A note in bottle reads: males with orange-red dorsal fins, orange-red gill-areas, ventral

sides and caudal fins. On the sides 3 to 6 rows of orange-red spots.

Males 30.7 510 168 — 8 16 25 14.5

Females 29.7 622 163 8.2 7.8 16 25.8 15

ZMA 123.465. 5 km SWS of Willemsstad, from a tidal pool. The complete population was poisoned, and

contains more males than females. 48 Males, of which some have more than one humeral blotch. All males are

heavily pigmented, i.e., are speckled. Some have rows of black spots on the caudal peduncle. 36 Females, 3

subadults, 1 juvenile.

Males 38.4 506 171 — 8 16 26.3 17.5

Females 39.4 581 155 8.9 7.9 16 26.6 16.9

ZMA 123.466. Hato. 127 mainly black or dark brown specimens.

Male 31.3 474 180 —
Females 30.2 674 164 8.5 8

16

16

26

25.5

17

16

Averages of Morphometric and Meristic Data

Males 26.8 580.8 181.2

Females 30.7 620.5 161.8

Curasao

Males 33.5 496.7 173.0

Females 33.1 625.7 160.7

8.0 16.5 25.7 15.9

7.8 16.5 26.3 15.8

8.0 16.0 25.8 16.3

7.9 16.0 26.0 16.0

Colombia: BMNH 1899.3.15: 24-26, (2),

Colombia, coll. H. Festa, no date.

Diagnosis.—A = 8 (rarely 9); D = 8

(rarely 7); LLS = 25-26; BS = 18; CPS =

16; PS = 11-13

Descriptions.—Poecilia koperi has uni-

cuspid inner teeth. The largest specimens

examined are a female of 56.2 mm SL and

a male of 47.0 mm SL.

Holotype.—The largest male (38.5 mm
SL) has a deep body, with depressed sides.

The upper part of body exhibits two dark

horizontal rows of dark spots, which are

less conspicuous ventrally. The body is

brown, dorsally darker than ventrally. The

caudal fin has black spots on the membrane
between the rays. The dorsal fin is pig-

mented like caudal fin, reaching caudal

base. The inner jaw dentition is unicuspid.

Proportional body measurements in Table 2.

Meristic data include 26 scales in the lat-

eral series, 12 predorsal scales, 16 scales

around caudal peduncle, and 18 scales

around body. Pectoral fins exhibit 16 rays,

the dorsal 8 fin rays, and the caudal 17 fin

rays. The last segment of gonopodial ray 3
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Fig. L Poecilia koperi, (a) holotype, (b) allotype.

has an extruding spine, two subsequent seg-

ments without serrae, nine segments with

ventral processes, and the other segments

with serrae on both sides (Fig. 4a). Ven-

trally on ray 3, a hood is present, not reach-

ing the tip. Ray 4a of the gonopodium is

without serrae, ray 4p has ten distal unser-

rated segments, followed by ten segments
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with dorsal serrae. Rays 5a and 5p do not

have spines, and are seven segments shorter

than 4p.

Allotype.—The largest female (40.6 mm
SL) has spots on the body like those of the

holotype, and has fins with indistinct pig-

mentation. The dorsal fin is short, reaching

halfway from the base of the first ray to the

caudal fin base. The caudal fin has 16 rays,

the anal fin has eight rays. The other me-

ristic counts are like those in the holotype.

Distribution.—Poecilia koperi occurs in

coastal areas from the Peninsula de Araya,

Venezuela to the eastern part of Colombia.

Etymology.—This species is named after

my friend Michel Koper, with whom dis-

cussions have helped to keep my thinking

flexible.

Remarks.—Poecilia koperi is a medium
sized species of the Poecilia sphenops com-

plex (cf. Miller 1983), distinguished from

P. gillii cuneata only by the reduced num-
ber of fin rays in the dorsal and anal fin.

From the other subspecies of P. gillii it is

distinguished by gonopodial characteristics.

Two geographically separated color

morphs exist in this species. The pigmen-

tation of the body of specimens east of

Coro consists of two or three horizontal

rows of spots, which are less conspicuous

ventrally. The body becomes darker dorsal-

ly, as opposed to the lighter ventral side.

The unpaired fins are moderately pigment-

ed, i.e., they only have spots on the mem-
brane between rays. The dorsal fin reaches

to the base of the caudal fin. The popula-

tions west of Coro, i.e., in the Maracaibo

basin, are more intensely pigmented. The
males have about 10 distinct vertical stripes

from halfway the body to the caudal base.

The scales on the body have pigmented

margins. The base of the caudal fin is cov-

ered with scales, which are irregularly pig-

mented. The caudal fin has longitudinal

spots, the dorsal fin has a median blotch

from the base to halfway the fin, distally

replaced by dark spots. The females are

pigmented like the males, but with fainter

stripes on the body. The fins in the females

are without spots and the snout is less

pointed. Meristic data and the gonopodium
are identical in the two populations, al-

though Maracaibo populations never have

seven dorsal fin rays, nor nine anal fin rays.

The gonopodium has a fleshy hood that

nearly reaches the tip. Gonopodial ray 3 has

two or three weakly serrated terminal seg-

ments. Other segments of ray 3 have ventral

serrae and irregular dorsal extrusions. A
membranous ventral hook is found on the

edge of the last segment. Gonopodial ray

4a is with long unserrated segments. Gon-

opodial ray 4a possesses seven to eleven

unserrated distal segments, others segments

have dorsal serrae. This ray is somewhat
shorter than ray 4a. Gonopodial rays 5a and

5p have long unserrated segments ending at

fourth to seventh segment of ray 4p count-

ing from the tip (Fig. 4a).

Schultz' (1949:97) record of P. vivipara,

partly based on de Beaufort's (1940) ac-

count, is erroneous; re-examination of the

specimens mentioned by de Beaufort (1940:

111) in ZMA revealed that this material is

P. koperi.

Poecilia boesemani, new species

Fig. 2, Table 2

Poecilia sphenops (non Valenciennes,

1846); Regan, 1913:1013 (in part); Price,

1955:18; Boeseman, 1960:122.

Holotype.—RMNH 21543, adult male,

Trinidad, Port of Spain, Maraval River, coll.

M. Boeseman, 27-VII-1954.

Allotype.—RMNH 32428, adult female,

same data as RMNH 21543.

Diagnosis.—A = 8; D = 8-9; LLS =

27; BS = 20; CPS = 16; PS = 13-16.

Description.—Holotype: male, 43.8 mm
SL. The body does not have a distinct pat-

tern of pigmentation. The dorsal fin is an-

gular, with dark spots on the membranes be-

tween the rays. These spots form two reg-

ular horizontal lines. In the caudal fin, a

vertical line of similar spots is found on the

posterior part. Proportional body measure-

ments in Table 2.
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Fig. 2. Poecilia boesemani, (a) holotype, (b) allotype.

The dorsal fin has 10 rays, the caudal fin dorsal scales, so the exact number is un-

has 18 fin rays. Pectoral fin with 16 rays, known. All head pores are exposed. The

20 scales around the body, 16 scales around gonopodium is like P. mexicana (Fig. 4b,

the caudal peduncle, 27 scales in a lateral see Miller 1975), i.e., with a spine in the

series. The holotype misses one or two pre- membranous hook on gonopodial ray 3. In-



372 PROCEEDINGS OF THE BIOLOGICAL SOCIETY OF WASHINGTON

ner jaw teeth unicuspid or possibly subtri-

cuspid (Garman 1895, Miller 1975).

The female allotype is 47.8 mm SL. The

morphology and pigmentation are like that

noted in the holotype but without spots in

the caudal fin. The anal fin has 8 rays, the

dorsal fin contains 9 rays, the pectoral fin

has 13 rays. All other counts are identical

to those of the holotype.

Distribution.—This species is known
only from its type locality.

Etymology.—This species is named after

Dr. Marinus Boeseman, emeritus curator of

the ichthyological collection of the National

Museum of Natural History, Leiden

(RMNH), who collected the specimens.

Poecilia wandae, new species

Figs. 3, 4, Table 2

Holotype—\]SnM 121683, adult male,

Venezuela, Maracaibo basin, hot spring,

creek tributary to Rio Mechango, 20 km
above bridge, coll. L. R Schultz, 21-III-

1942.

Allotype.—\]SnM 326142, adult female,

same data as USNM 121683.

Material—VS^M 121669 (4), Cano, Vi

mile W of Sinamaica, coll. L. R Schultz,

11 -III- 1942; USNM 121670 (3), Rio Socuy,

3 km above mouth, coll. L. R Schultz, 24-

11-1942; USNM 121671 (42), Cienago del

Guanavana, about 10 km N of Sinamaica,

coll. L. R Schultz, 11-III-1942; USNM
121672 (12), Rio San Juan, 12 km S of Ro-

sario, coll. L. R Schultz, 26-11-1942; USNM
121673 (1), Rio San Ignacio, about 20 km
S of Rosario, coll. L. R Schultz, 26-11-1942;

USNM 121674 (1), Rio Negro, below

mouth of Rio Yasa, coll. L. R Schultz, 2-

III- 1942; USNM 121675 (27), Lago Tule,

about 75 km W of Maracaibo, coll. L. R
Schultz, 1-III-1942; USNM 326143 (261),

same data as USNM 121683.

Diagnosis.—D = 5—7; A = 6—8; C =

(probably) 14-16; LLS = 24-26; PS = ll-

13; BS = 16; CPS = 14. This species is

very much like P. caucana, differing only

in regards to the reduced meristic and gon-

opodial characteristics.

Description.—Poecilia wandae is a small

species, with mature males ranging from 13

to 22 mm SL. Most specimens have a

brownish body with 7 to 10 vertical stripes

extending from the caudal peduncle to half-

way along the body. In some specimens a

longitudinal stripe over the lateral line is

present. The dorsal fin has a median basal

blotch and a black margin, whereas the oth-

er fins are unmarked. Poecilia wandae has

an elongated body with a compressed head.

Females have fewer vertical stripes than the

males. Gonopodial ray 3 at the tip with 1

or 2 unserrated elements, all other segments

of this ray are serrated on both sides (Fig.

4c). The fleshy hood reaches the tip. Gon-

opodial ray 4a has long, unserrated seg-

ments, with the last segment pointing

downwards, while 4p has 7-8 square un-

serrated elements at the tip and the distal

segment pointing upwards. The tip is split.

Gonopodial rays 5a and 5p are unserrated

and do not reach the tip. Gonopodial ray 5p
has a retrorse spine, which is more weakly

developed at the end of ray 5 a.

Description of the types.—The holotype

is a male, 20.6 mm SL. The body has seven

vertical stripes that extend from the middle

of the body to the middle of the caudal pe-

duncle. This is combined with a reticulate

pigmentation pattern that is dorsally darker

than ventrally. The dorsal fin reaches half-

way from the base of its last ray to the base

of the caudal fin. The caudal fin is clear,

whereas the dorsal fin has a median basal

blotch and has a dark margin. The female

allotype is 23.1 mm SL. Pigmentation and

scale counts are like those noted on the ho-

lotype. It has six dorsal fin rays and eight

anal fin rays. The caudal fin rays are bro-

ken.

The meristic data are like those recorded

for P. caucana. There are 25 scales in a

lateral series, no more than 14 scales around

the caudal peduncle and 16 scales around

the body. Unfortunately, the caudal fins and

the dorsal fins are damaged. Poecilia wan-
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Fig. 3. Poecilia wandae, (a) holotype, (b) allotype.

dae resembles P. caucana in gonopodial

characters. Gonopodial ray 3 has the first

two segments unserrated; all other segments

are serrated on both sides. The fleshy palp

covers the tip. Gonopodial ray 4a has un-

serrated segments, with the last segment

bending down. Gonopodial ray 4p has sev-

en unserrated distal segments, the last seg-

ment bends upwards, splitting the tip. Gon-

opodial rays 5a and 5p are unserrated, both
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a be
Fig. 4. Tips of gonopodia of (a) Poecilia koperi, (b) Poecilia boesemani, (c) Poecilia wandae.

do not reach the tip. Gonopodial ray 5p has

a spinous retrorse extremity. Proportional

body measurements in Table 2.

Distribution.—This species is known
from several river systems west of the Ma-
racaibo basin.

Etymology.—This species is named after

Vanda Marisa Freitas de Leite, who wishes

to be called Wanda.

Remarks.—Some specimens collected

from the population of the Rio San Juan/

Rio Negro drainage are pale, without any

specific marking with the exception of two

specimens. One female has a distinct black

spot on the caudal base and another spot on

the left side of the body under the dorsal

fin. Another female had a similar spot on

the left side at the upper margin of the cau-

dal base. The number of specimens avail-

able, however, was too limited to decide

whether these latter populations are either

specifically distinct, or only color morphs
of P. wandae.

Discussion

The South American species of Poecilia

inhabit mostly peripheral habitats, i.e..

coastal areas or islands. Poecilia sphenops

and P. vandepolli do not occur on the Ve-

nezuelan mainland (Poeser 1992; present

study), despite earlier reports (Schultz

1949, Feltkamp and Kristensen 1969). In

the present paper, seven species from the

northeastern part of South America are re-

corded. One of these species, P. gillii (Kner

and Steindachner, 1864), also occurs in

Central America, and one species, P. vivi-

para, extends from the Orinoco drainage

and the Lesser Antilles south to Argentina.

The re-examination of P. vandepolli con-

firmed past observations concerning char-

acter variation in this species, whereas ex-

amination of the Colombian and Venezue-

lan populations of mollies confirmed earlier

conclusions (Poeser 1992) that the Vene-

zuelan population are neither P. sphenops

nor P. vandepolli. One of the new species

described herein, P. wandae, is related to

P. caucana based on its morphological and

gonopodial characteristics.

Venezuela is divisible into four distinct

biogeographical regions, viz., the Maracai-

bo basin, mainland Venezuela, the drainage

of the Rio Orinoco, and the adjacent islands
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O NETHERLANDS ANTILLES
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Fig. 5. Map of Venezuela. The locations of UMMZ material (=P. koperi) are noted with black triangles,

the USNM material ( = P. wandae) are open circles, the RMNH material {=P. boesemani) is a black square.

of the Lesser Antilles. Only one of the ex-

amined species occurs in more than one dis-

trict, viz., P. caucana (along the Atlantic

coast from Panama to the delta of the Rio

Orinoco). In the Rio Orinoco, P. vivipara

finds its northernmost mainland extension.

Poecilia vandepolli and P. boesemani are

endemic species located on islands adjacent

to Venezuela. Comparisons with Central

American mollies reveals that the species of

Poecilia manifest a clinal reduction in body

size and a decrease in meristic characters

from north to south. Poecilia mexicana,

naturally occurring on the Atlantic side of

Mexico, has unicuspid inner teeth, nine dor-

sal fin rays, nine anal fin rays, 18 scales

around the caudal peduncle, and two spines

at the tip of the gonopodium (Table 3).

Miller (1983) could not distinguish P. mex-

icana from P. gillii, and genetic data of P.

mexicana from Vera Cruz and from Costa

Rican populations (labeled "P. gillii'') are

virtually identical (Brett & Turner 1983, p.

136: cluster map of NEI identity values).

Why then separate P. mexicana from P.

gilliil Villa (1982) and Bussing (1987) both

mentioned two species fitting the descrip-

tions given in the present paper. Although

29 scales in a lateral series are not typical

for P. mexicana (cf. Menzel and Darnell

1973), Bussing (1987) nevertheless consid-

ered populations with this character as P.

mexicana. The alternative hypothesis would

be that P. gillii is a subspecies of P. mexi-

cana with 16 scales around the caudal pe-

duncle. The populations with 29 scales in a

lateral series (Villa 1982; Bussing 1987)

should then be considered another (possibly

new) species.

Poecilia gillii has been reported to ex-

ceed 100 mm SL (Bussing 1987). The body

size of the investigated specimens was al-

ways much less than 100 mm SL. In con-

trast to its variable body shape (Meek 1914,

Meek and Hildebrand 1916), the meristic

data are fairly constant. From El Salvador

(Poeser 1995), through Nicaragua (Villa

1982) and Costa Rica (Bussing 1987) to

Panama and Colombia (present study), P.

gillii constantly displays nine anal fin rays,

nine or ten dorsal fin rays, 16 scales around

the caudal peduncle, and on average 27

scales in a lateral series. The only signifi-

cant change in diagnostic characteristics is

a reduction of the spine found on gonopo-

dial ray 5p. The observed differences in

gonopodial structures I regard as subspecif-

ic variation within P. gillii.

The next species in the Central to South

American cline is P. koperi, found in Ve-

nezuela. Poecilia koperi differs from P. gil-

lii in the number of dorsal and anal fin rays

(8 versus 9 in P. gillii). The reduction of

the gonopodial spine on ray 5p is complete

in P. koperi. The next species south, P. vi-

vipara, continues the trend of reduction, ex-

hibiting 7 dorsal fin rays and a lack of all

gonopodial extremities. In addition, P. vi-
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vipara has a median positioned humeral

blotch and serrae on gonopodial ray 4a,

unique characters in the subgenus, but not

in the genus. In the subgenus Lebistes sensu

Rosen and Bailey (1963), P. reticulata also

has serrae on gonopodial ray 4a, P. bifurca

exhibits the lateral body spot, and P. picta

exhibits both the serrae on ray 4a and the

lateral body spot.

An exception to these clinal variations is

seen in P. boesemani, which occurs on

Trinidad. Poecilia boesemani has a reduced

body size, less anal fin rays and a reduced

number of scales around the caudal pedun-

cle than seen in P. mexicana, whereas the

number of dorsal fin rays and the gonopo-

dial characters are similar in these two spe-

cies. Based on the last two similarities.

Price (1955:7, 18) and Boeseman (1960:

122) presumed that P. boesemani was
merely an introduced aquarium strain with

the vernacular name 'Liberty molly'. Poe-

cilia boesemani resembles western popula-

tions of P. sphenops in fin pigmentation and

general morphology (Schultz and Miller

1971). The inner jaw dentition, however, is

unicuspid versus tricuspid in P. sphenops.

Poecilia boesemani differs from most Cen-

tral American species in the number of anal

fin rays (8 versus 9 in the other species), in

the number of scales around the caudal pe-

duncle (mostly 18 in the other species) and

in female pigmentation (rows of black spots

in P. sphenops and in P. mexicana). Poe-

cilia boesemani more closely resembles P.

butleri, another widely distributed Mexican

species, in the number of anal fin rays; it

differs, however, in dorsal fin pigmentation

(distinct basal blotch in P. butleri [cf.

Schultz and Miller, 1971]). Furthermore, P.

boesemani and P. butleri are geographically

the most separated species. Poecilia boe-

semani differs from P. koperi and P. van-

depolli in the presence of distal spines on

both gonopodial rays 3 and 5. Boeseman 's

(1960, p. 122) observation that "it lacks a

distal retrorse segment on gonopodial ray

5", is erroneous (Fig. 4b). Poecilia vande-

polli, occurring on the Dutch Lesser Antil-
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les, also has a reduced body size, less dorsal

fin rays, 16 scales around the caudal pe-

duncle, and gonopodial characteristics like

those seen in P. vivipara. It also has a hu-

meral blotch, although it is found more an-

teriorly on the body than in P. vivipara.

The clinal variation is evident in P. cau-

cana and P. wandae. Poecilia v^andae is

superficially like P. caucana, resembling it

in size, scale counts, pigmentation, and

gonopodial structures. It differs, however,

in the number of anal fin rays (6-8 versus

always 8 in P. caucana), dorsal fin rays (5-

7 versus 7 or 8 in P. caucana), and in the

absence of a membranous hook on gono-

podial ray 3. The gonopodia of both species

agree in several internal structures (Rosen

& Bailey 1963:62, fig. 25B). Rosen & Bai-

ley (1963) reported that this 'undescribed

species', viz., P. wandae, was osteological-

ly like P. caucana, as well as the Hispani-

olan species of Poecilia, viz., P. elegans, P.

dominicensis and P. hispaniolana, and "the

smaller species of the P. sphenops group".

Unfortunately, they did not specify to

which species in the P. sphenops group

they were referring. The occurrence of such

similarities in widely separated species sug-

gests that the osteological evidence could

represent a primitive state. Furthermore,

based on its gonopodial structures, it was

suggested that P. caucana is related to the

species of Limia of Hispaniola, and to the

Central South American species of Pam-
phorichthys (Rosen 1975, Rauchenberger

1989). This would than place the origin of

P. caucana and P. wandae from an ances-

tral species in South America at 80 to 70

Mya. (Pitman et al. 1990: fig. 2.5C). During

this period, Hispaniola was situated be-

tween North and South America, as part of

the great Arc of Proto-Greater Antilles. The
morphological differences, i.e., the diver-

sion from the "molly-geocline", as well as

the osteological and gonopodial character-

istics linking P. caucana and P. wandae
with Hispaniolan and South Brazilian spe-

cies, suggest a separate origin for these two
species. The overall similarities in gono-

podial structures, however, warrant their

present inclusion in Poecilia.

Under a dispersalist scenario, one may
conclude that members of the genus Poe-

cilia entered South America after the com-

pletion of the Andean uplift and the for-

mation of the Panamanian landbridge, i.e.,

about 4 Mya. (Pitman et al. 1990: fig. 2.5

F). This rapid dispersal and speciation re-

sulted in subsequent differentiation from

the Central American species of Poecilia.

This hypothesis is confirmed by a molecu-

lar phylogeny presented by Breden et al.

(1999), who concluded that P. vivipara was

significally different from the species of the

P. sphenops complex in Central America.

Breden et al. (1999) suggested a separate

taxonomic status for the P. sphenops com-

plex and allocate these species, together

with the broad finned mollies (cf. Miller

1983), in the subgenus Mollienesia (sensu

Miller 1975). Rodriguez (1997) proposed a

similar taxonomy based on a phylogenetic

analysis of morphological characters. How-
ever, all three studies (Miller 1975, Rodri-

guez 1997, Breden et al. 1999) did not in-

vestigate the clinal variation in characters

found in the present study. The suggestion

of a separate taxonomic status for P. vivi-

para will be the subject of further investi-

gations.
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Appendix 1.—Key to the species of the subgenus Poecilia (sensu Rosen and Bailey, 1963), south of Mexico.

la. Inner jaw dentition tricuspid

lb. Inner jaw dentition unicuspid

2a. Number of scales around the caudal peduncle 18

2b. Number of scales around the caudal peduncle less than 18

3a. Number of scales around the caudal peduncle 16

3b. Number of scales around the caudal peduncle 14

4a. Number of anal fin rays 9

4b. Number of anal fin rays 8

5a. Body never with humeral blotch, never with 8 anal fin rays

5b. Body often with humeral blotch, sometimes with 8 anal fin rays

6a. Gonopodial tip with spiny hooks on ray 3 and ray 5p

6b. Gonopodial tip with spiny hook only on ray 3

7a. Gonopodial tip with spiny hooks on ray 3 and ray 5p

7b. Gonopodial tip without hooks or spines

8a. Gonopodial ray 4a never with dorsal serrae

8b. Gonopodial ray 4a with dorsal serrae

9a. Number of anal fin rays 8

9b. Number of anal fin rays less than 8

P. marcellinoi

2

p. mexicana

3

4

100

5

7

6

p. vandepolli

p. gillii gillii^

p. gillii cuneata

p. boesemani°

8

p. koperi

p. vivipara

p. caucana

p. wandae

^ Specimens with a red dorsal fin are diagnosed P. g. salvatoris, unicuspid specimens with a caudal blotch are

P. g. caiidata.

^ Miller (1983) reported P. butleri from El Salvador, fitting this description. However, he omitted the diagnostic

characteristics for these populations.
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On the occurrence of the vestimentiferan tube worm Lamellibrachia

luymesi van der Land and N0rrevang, 1975 (Annelida: Pogonophora)
in hydrocarbon seep communities in the Gulf of Mexico

Stephen L. Gardiner and Stephane Hourdez

(SLG) Department of Biology, Bryn Mawr College, 101 N. Merion Avenue, Bryn Mawr,

Pennsylvania 19010, U.S.A.;

(SH) The Pennsylvania State University, Department of Biology, 208 Mueller Laboratory,

University Park, Pennsylvania 16802, U.S.A.

Abstract.—Lamellibrachia luymesi van der Land & N0rrevang, 1975 is re-

corded from shallow-water hydrocarbon seep communities along the Louisiana

slope in the Gulf of Mexico. It is typically the most abundant tube worm
species in these shallow-water communities, sometimes with individuals oc-

curring in aggregations numbering in the thousands. Tubes extend deeply into

the sediment, and apical portions may project above the sea floor a distance of

one meter or greater. This study documents intraspecific variation for a number

of important morphological features of L. luymesi, such as the number of sheath

lamellae, the number of branchial lamellae, the length and width of the obtu-

raculum and vestimentum, the ratio of obturacular length to vestimental length,

the ratio of vestimental diameter to vestimental length, and features of the tube.

Comparisons of these features are made with other species of Lamellibrachia.

The record of L. luymesi on the Louisiana slope extends the geographic range

of this species from the southern North Atlantic Ocean into the northern Gulf

of Mexico.

Subsequent to the description of the first presence of vestimentiferan tube worms in

species of Lamellibrachia, L. barhami, by 3000 m of water at the base of the Florida

Webb (1969), van der Land & N0rrevang Escarpment in the Gulf of Mexico which

(1975) described a second species, L. luy- were later named Escarpia laminata by

mesi, and discussed the possible relation- Jones (1985). A second Atlantic species of

ships that vestimentiferans in general have Lamellibrachia, L. victori, was described

with the Annelida, Polychaeta, and Pogo- by Maile-Garzon & Montero (1985), based

nophora. Following their original descrip- on two specimens collected in about 300 m
tion, van der Land & N0rrevang (1977) of water off Uruguay. Since the description

provided an in-depth description of the of L. victori, no additional confirmed re-

anatomy and histology of L. luymesi. Both cords of either Atlantic species of Lamelli-

the original description and the subsequent brachia have been published. However, be-

anatomical and histological account were ginning in 1985 (Kennicutt et al. 1985), nu-

based on a single male specimen collected merous records of a Lamellibrachia sp., oc-

off the coast of Guyana in about 500 m of curring along the Louisiana slope in the

water. Gulf of Mexico, have been reported (see

The record of L. luymesi off the coast of synonymy below).

Guyana remained as the only documented The purpose of the present study is to

vestimentiferan species from the Atlantic confirm the identity of the Lamellibrachia

Ocean until Paul et al. (1984) reported the sp. that occurs along the Louisiana slope as
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L. luymesi and to provide an account of the

intraspecific variation it displays with re-

gard to certain important diagnostic mor-

phological characters.

Systematics

As discussed in Gardiner et al. (2001),

the systematic relationships of vestimenti-

ferans remain unsettled. In order to main-

tain consistency with other recent descrip-

tions of vestimentiferans and broader dis-

cussions of pogonophoran morphology and

phylogeny (Southward et al. 2002, 2003),

we consider vestimentiferans as comprising

a subclass within the class Pogonophora of

the phylum Annelida.

Materials and Methods

Specimens were collected by the manned
submersible Johnson-Sea-Link I (JSL I)

from two hydrocarbon seep sites on the

Louisiana slope in the Gulf of Mexico and

brought to the surface in a temperature-in-

sulated container. On board ship, specimens

were immediately fixed in their tubes in

10% buffered formalin in seawater. In the

laboratory, tubes were sliced open with the

aid of a Dremel Moto-Tool high speed drill,

and specimens were extracted, rinsed in dis-

tilled water and transferred to 70% ethanol.

For scanning electron microscopy

(SEM), materials were dissected from se-

lected specimens, dehydrated in a graded

ethanol series, critical-point dried, using

carbon dioxide, and sputter coated with

gold-palladium. Material was examined in

either a Topcon ABT-60 or a JEOL JSM-
5200 scanning electron microscope. Nega-

tives of figures were scanned at 600 dpi,

and plates were constructed using Adobe
Photoshop 7.0 (Adobe Systems, Inc., San

Jose, California, USA).

Subclass Vestimentifera Webb, 1969

Family Lamellibrachiidae Webb, 1969

Genus Lamellibrachia Webb, 1969

Type species.—Lamellibrachia barhanii

Webb, 1969, by monotypy.

Diagnosis.—Vestimentiferan worms with

tapering tubes and bodies. Anterior obtu-

racular region provided with branchial

plume; orientation of branchial lamellae rel-

ative to obturaculum axial and parallel;

branchial filaments of obturacular plume of

one type; plume covered by variable num-
ber of peripheral sheath lamellae; anterior

face of obturaculum bare, lacking crust or

secreted structures; paired internal excreto-

ry ducts opening by single, dorsal medial

excretory pore. Anteroventral margin of

vestimentum discontinuous, posteroventral

margin of vestimentum broadly discontin-

uous, lobes usually not overlapping. Opis-

thosome with variable number of segments;

chaetigerous segments with chaetae usually

in single row; chaetae with variable number
of teeth in anterior and posterior groupings.

Tube hard, tapered, usually with variable

number of collars anteriorly, becoming
smooth posteriorly (Webb 1969; van der

Land & N0rrevang 1975, 1977; Jones 1985;

Southward 1991).

Lamellibrachia luymesi van der Land &
N0rrevang, 1975

Figs. 1-8

Lamellibrachia luymesi van der Land &
N0rrevang, 1975:86-101, Figs. 1-7;

1977:1-102, pis. 1-26.—Jones, 1985:

128.—Southward, 1991:872-874, ta-

ble 2.

Lamellibrachia sp.—Kennicutt et al., 1985:

351, 352, table 1.—Childress et al., 1986:

1307.—Brooks et al., 1987:1139, table

1.—MacDonald et al., 1989:235-245,

Fig. 3A-D.—Fisher et al., 1990:1095, ta-

ble L—MacDonald et al., 1990:246, Fig.

2.—Childress & Fisher, 1992:382.—Wil-

liams et al., 1993:439, 440, table 1.—

Carney, 1994: 150.—Scott & Fisher,

1995:107, 109, table 2.—Young et al.,

1996:514-516, Figs, la, 2b, d, e, m.—
Feldman et al., 1997:271, 272, 275, Fig.

2, tables 1, 2.—Fisher et al., 1997:85, 88,

90, 91, table 1.—Miura et al., 1997:

455.—JuHan et al., 1999:2245-2256.—
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Fig. 1 . In situ photograph of portion of large cluster of Lamellibrachia luymesi at Bush Hill hydrocarbon

seep community. No scale.

Southward, 1999:196, Fig. 5.2, 5.4,

5.5.—Tyler & Young, 1999:196-198,

200-204, table 3.—Schulze, 2001:1-9,

Figs. IF, 2A, 4E, table 1.—Southward et

al., 2002:1194.

Lamellibrachia barhami [not Lamellibra-

chia barhami Webb, 1969].—Fisher et

al., 1988:232.

Undescribed species of Lamellibrachia.—
Southward, 1991:872.

Lam.(GoM).—WilUams et al., 1993:440,

443, Figs. 1-3, table 1.

L. sp.—Fisher, 1995:307, table 4.

Lamellibrachiid.—Fisher et al., 1997:86,

87, Figs. 1, 2.

Lamellibrachia sp. nov. 2.—Nelson &
Fisher, 2000:4, 8, 10, Figs. 2, 3.

Lamellibrachia.—Salvini-Plawen, 2000:

133, 134.

Lamellibrachia cf. luymesi.—Freytag et al.,

2001:13408-13412.—Gardiner et al.,

2001:705.—Bergquist et al., 2002:89-98,

Fig. 1.—McMullin et al., 2003: 8-31,

Figs. 1, 2, 4, 5, tables 1, 2.

Material examined.—Twenty specimens.

Green Canyon hydrocarbon seep communi-
ty, 27°44.1'N, 9ri5.3'W, JSL I dive 3523,

25 Jun 1993, 540 m, coll. C. R. Fisher; 8

specimens. Green Canyon hydrocarbon seep

community, 27°44.rN, 91°15.3'W, JSL I

dive 3525, 26 Jun 1993, 540 m, coll. E. Nix;

12 specimens. Bush Hill hydrocarbon seep

community, 27°47'N, 91°31.5'W, JSL I dive

3530, 28 Jun 1993, 540 m, coll. J. J. Chil-

dress. Selected specimens of this material

are deposited in the National Museum of

Natural History (USNM), Smithsonian In-

stitution, Washington, D.C.
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Fig. 2. Lamellibrachia luymesi, light micrographs of selected specimens. A, dorsal view of obturacular region

showing sheath lamellae not extending to anterior face of obturaculum, together with portion of vestimental

region with folded vestimental wings. B, left lateral view of obturacular region showing sheath lamellae nearly

covering obturaculum, together with portion of vestimental region. C, right lateral view of obturacular region

with sheath lamellae removed to show branchial filaments. Note extent of bare surfaces on obturaculum. Arrow

indicates vestimental sheath around base of obturacular region. D, ventral view of obturacular region and portion

of vestimental region. E, ventral view of obturacular region with sheath lamellae removed from both sides,

exposing branchial filaments, bf, branchial filaments; cf, ciliated field; ob, obturaculum; si, sheath lamellae; v,

vestimental region; vw, vestimental wing. Scale bars: A, B, D, E = 5 mm; C = 3 mm.

Description.—Measurements of selected

specimens (length by diameter, in mm; ob-

turacular: vestimental: trunk: opisthosomal

regions; + = incomplete; — = change in

diameter; — = missing); (USNM
1007801): 9.4 by 4.5: 43 by 4: 142+ by

3.1: —; (USNM 1007803): 14.9 by 4.6: 56

by 4.7: 100+ by 2.3: — ;
(USNM

1007805): 16.3 by 5: 61.6 by 5.2: 110+ by

3.5: — ;
(USNM 1007807): 10.4 by 4.5:

51.5 by 4.2: 117+ by 3.4: —
;
(USNM

1007809): 7.8 by 4.4: 50.3 by 4.6: 115+ by

4.9: — . Measurements of selected tubes

(length by diameter, in mm; + = incom-

plete, — = change in diameter): (USNM
1007801)

1007802)

1007804)

1007806):

1007808):

1340 +
1560 +
1405 +
1230+

by

by

by

by

6.4-1.3;

7.6-2.5;

8.9-0.9;

10.2-0.7;

(USNM
(USNM
(USNM
(USNM

1190+ by 6.4-1.2.

Anterior face of obturaculum bare, with-

out crust or secreted structures (Figs. 1,

2A-E). Obturaculum with 15-22 pairs of

branchial lamellae (X=17.8±1.8;n =

10), composed of single type of filament

(Fig. 2C, E), fused for most of length; free

ends of filaments with two rows of pinnules

and two rows of ciliated cells (Fig. 3A, B),

pinnules on some filaments of unequal size

(Fig. 3B); branchial lamellae typically cov-

ered by 4-8 sheath lamellae on each side

of branchial crown {X = 5.3 ± 1.1; n =

30); number of sheath lamellae not directly

correlated with size of specimen (Pearson's

correlation); filaments of sheath lamellae

lacking pinnules and cilia, almost complete-

ly fused, with very short free tips (Fig. 3C,

D); sheath lamellae sometimes not extend-

ing to apical region of obturaculum (Fig.

2A, D). Distal surfaces of obturaculum of
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Fig. 3. Lamellibrachia Juymesi, SEM. A, branchial filaments with pinnules of equal size. B, branchial fila-

ments with pinnules of somewhat unequal size. C, inner face of fused filaments of sheath lamella. Note absence

of pinnules and cilia. D, apical region of filaments of sheath lamella. Scale bars: A-C = 75 (xm; D = 100 fxm.

preserved specimens usually not concealed

by branchial lamellae (Fig. 2C-E); obtura-

culum lenticular in cross-section (Fig. 4),

lacking dorsal groove, with poorly devel-

oped ventral ridge distally; paired internal

excretory ducts opening by single pore on

dorsal surface at base of obturaculum;

length of obturaculum from 6.6 to 16.3 mm
{X = 10.8 ± 2.4 mm; n = 40); diameter of

obturaculum from 3.4 to 5 mm; {X — 4.5

± 0.6 mm; n = 40); ratio of obturacular

length to vestimental length variable, 1:2.6

to 1:6.7 {n — 40). Anterior margin of ves-

timentum forming short sheath around base

of obturaculum (Fig. 2C, arrow), with shal-

low mid-ventral incision usually with over-

lapping lobes; posteroventral margin of ves-

timentum discontinuous, with posteroven-

tral lobes of variable size and separated by

large gap (Fig. 5A, B); length of vestimen-

tum from 26.9 to 61.6 mm {X = 47.2 ± 8.9

mm; n — 40); diameter of vestimentum

from 3.7 to 5.2 mm {X = 4.3 ± 0.6 mm; n

= 40); ratio of vestimental diameter to

vestimental length highly variable, 1:6.2

to 1:16.4 (n — 40); ventral surface of ves-

timentum with ciliated field, wider in mid-

dle region, bluntly to sharply tapered at an-

terior and posterior ends (Figs. 2D, E, 5A,
B); plaques associated with epidermis ven-

trally and laterally, increasing in density in

posterior one-half of vestimentum (Fig. 5A,

B, arrowheads); males with paired dorsal

ciliated grooves extending from gonopores
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Fig. 4. Lamellibrachia hiymesi. Light micrograph

of cross section through middle region of branchial

plume. Arrowheads indicate obturacular blood vessels,

bf, branchial filaments; ob, obturaculum. Scale bar =

1 mm.

to near anterior end of vestimentum, di-

verging anteriorly (Fig. 5C). Trunk very

long in adult specimens, tapering to less

than 1 mm posteriorly; epidermis with nu-

merous associated plaques 36—45 |jLm in di-

ameter (Fig. 6). Opisthosome of selected

specimen with 26 segments (Fig. 7A), 17

anterior segments each with chaetae occur-

ring in single row, separated middorsally

and midventrally by narrow band of epi-

dermis lacking chaetae (Fig. 7B, C), and 9

posterior segments without chaetae; chaetae

with teeth in anterior and posterior group-

ings; anterior grouping usually with 5 teeth

in 2 rows, posterior grouping more variable,

with 3—4 rows of 3—5 teeth (Fig. 7D). Tube

hard, cream-colored to lightly yellowed tan

with some dark banding anteriorly in living

specimens (Fig. 1), becoming more darkly

colored in preserved specimens; tube taper-

ing posteriorly, diameter of aperture from

3.4 to 9.7 mm {X = 6.5 ± 1.5 mm, n =

44), with variable number of weakly to

moderately developed collars anteriorly

(Fig. 8A, B), becoming smooth in middle

and posterior regions.

Distribution.—Presently known in the

Atlantic Ocean from the type locality in 500

m of water off Guyana (8°01'N, 57°24'W)

and in the Gulf of Mexico at several local-

ities along the Louisiana slope in 500-650
m of water, including Green Canyon and

Bush Hill hydrocarbon seep communities.

Remarks.—Several external morphologi-

cal features have been used to distinguish

between species of Lamellibrachia, includ-

ing features of the branchial crown, pro-

portions of body regions, and features of

the tube (see Table 1). One of the most con-

spicuous features of the branchial crown is

the presence of a number of sheaths com-

posed of fused filaments, i.e., sheath lamel-

lae, that enclose the inner branchial lamel-

lae. Specimens of L. luymesi examined for

this study usually possess 4 to 8 sheath la-

mellae on each side of the branchial crown,

but most specimens have a different num-
ber of sheath lamellae on each side. Typi-

cally, one side will have 1 or 2 lamellae

greater in number than the opposite side,

although no pattern of preference is appar-

ent in the specimens examined in this study.

A few specimens have only 2 or 3 sheath

lamellae on one side of the branchial

crown. Close examination of the these spec-

imens, however, always revealed damage to

the branchial crown, and it is likely that

some lamellae were torn away when the

preserved specimens were removed from

their tubes.

The number of pairs of sheath lamellae

reported for the holotype of L. luymesi falls

within the range recorded for specimens

from the Gulf of Mexico and, therefore,

supports their identification as L. luymesi.

The majority of specimens with undamaged
obturacula examined in the present study

(23 of 30 specimens) exhibit a number of

sheath lamellae intermediate between spe-

cies with potentially fewer pairs (L. bar-

hami and L. satsuma) and L. columna with
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Fig. 5. Lamellibrachia luymesi, light micrographs of selected specimens. A, B, posterior end of vestimental

region showing discontinuous posteroventral margin of vestimentum with variously developed lobes. Arrowheads

indicate plaques on body wall, cf, ciliated field. C, dorsal view of vestimentum of male showing well-developed

ciliated grooves (g) leading from gonopores to anterior end of vestimentum. Scale bars: A, B = 2 mm; C = 4

mm.

its higher number (Table 1). Number of

pairs of sheath lamellae, therefore, is a use-

ful character to distinguish L. luymesi from

these other species. However, the number

of sheath lamellae of the type material of

L. victori falls within the range of L. luy-

mesi so this character does not distinguish

these two species.

Unlike the number of sheath lamellae,

the number of branchial lamellae does not

differ significantly so this feature is not a

useful characteristic to distinguish between

species (Table 1). Only L. barhami is re-

ported to possess a number of branchial la-

mellae outside the range exhibited by spec-

imens of L. luymesi examined in this study

(see Webb 1969). However, Jones (1985)

states that L. barhami can possess up to 25

pairs of branchial lamellae so it is likely

that this species exhibits a range in number

that is more consistent with other species of

Lamellibrachia.

Although lengths and proportions of

body regions are affected by a certain de-

gree of contraction at the time of preser-

vation, some interesting trends can be ob-

served between species of Lamellibrachia.

Among the five species of Lamellibrachia

currently described, L. columna is the larg-

est species and L. satsuma is potentially the

smallest species (see Table 1). Lengths of

the obturacular and vestimental regions of

L. barhami overlap somewhat with those of

L. luymesi, but the latter species exhibits a

broader range of lengths for both regions

and is generally overall the larger of the

two species. The obturacular length report-

ed for L. victori falls within the range of L.

luymesi examined for this study, but its ves-

timental length is slightly greater than the
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Fig. 6. Lamellibrachia luymesi, SEM. Portion of

body wall of trunk region showing numerous plaques

(p) and openings of pyriform glands (arrows). Scale

bar =100 \xm.

maximum measured for L. luymesi (Table

1). Since the vestimental length of L. victori

is based on a measurement taken from a

single specimen, this difference is probably

not significant.

Three species of Lamellibrachia for

which multiple specimens have been ex-

amined, i.e., L. barhami (Webb 1969, Jones

1985), L. luymesi (present study), and L.

satsuma (Miura et al. 1997), demonstrate

generally similar ranges for the ratio of ob-

turacular length to vestimental length (Ta-

ble 1). Ratios calculated for the type ma-
terial of L. luymesi and L. victori fall within

the range observed for specimens of L. luy-

mesi from the Gulf of Mexico.

When comparing ratios of vestimental di-

ameter to vestimental length, L. columna
and L. luymesi have generally similar val-

ues at the lower end of the range, but spec-

imens of L. luymesi from the Gulf of Mex-
ico exhibit a somewhat broader range over-

all (Table 1). Although the value calculated

for the holotype of L. luymesi is slightly

outside the range of specimens from the

Gulf of Mexico, the value for that of L. vic-

tori falls within the range of L. luymesi

from the Gulf of Mexico.

Van der Land & N0rrevang (1975, 1977)

provide illustrations of the dorsal surface of

the anterior region of the trunk of the ho-

lotype of L. luymesi that show a number of

transverse grooves in the epidermis (they

mistakenly state that these grooves occur on

the ventral surface in their 1977 study; see

p. 12). Southward (1991), however, ques-

tioned the taxonomic value of these

grooves, suggesting that they may represent

a contraction artifact. Specimens of L. luy-

mesi from the Gulf of Mexico examined for

this study vary greatly with regard to this

feature. Some specimens possess numerous

shallow grooves, whereas others have a few

deep grooves, whereas still others lack

grooves completely. We agree with South-

ward (1991) that these grooves, when pre-

sent, represent an artifact of contraction

produced at the time of preservation.

The opisthosome and opisthosomal chae-

tae are known for three species of Lamel-

librachia, L. luymesi (present study), L. co-

lumna (Southward 1991) and L. satsuma

(Miura et al. 1997). Although Webb (1969)

discussed and illustrated what he thought

was the opisthosome (= opisthomere in

Webb) of four specimens of L. barhami, the

absence of chaetae and external signs of

segmentation cast doubt on his observations

(also see Jones 1981). Southward (1991)

suggested that the opisthosomal chaetae of

vestimentiferans might display specific dif-

ferences. Based on the limited chaetal ma-

terial examined to date (one opisthosome

each for L. luymesi and L. satsuma, and two

for L. columna), significant specific differ-

ences among these species are not apparent.

Chaetae possess teeth in anterior and pos-

terior groupings in the following an*ange-
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Fig. 7. Lamellibrachia luymesi, SEM of opisthosomal region. A, overview of opisthosome of selected spec-

imen. B, dorsolateral view of two chaetigerous segments showing chaetae occurring in single rows (arrows) and

middorsal area lacking chaetae. C, ventrolateral view of two chaetigerous segments showing chaetae (arrows)

and position of internal ventral nerve cord (vnc). D, enlargement of chaetae. Arrow indicates anterior direction.

Scale bars: A = 300 |xm; B = 50 ixm; C = 75 |xm; D = 2 ixm.
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Fig. 8. Lamellibrachia luymesi. A, B, light micrographs of anterior ends of tubes showing growth collars.

Scale bars = 5 mm.

ments for L. luymesi, L. columna, and L.

satsuma, respectively: anterior groupings

—

5 teeth in 2 rows, 2-7 teeth in 1-2 rows,

6-9 teeth in 2 rows; posterior groupings

—

3-4 rows of 3-5 teeth, 3-5 rows of 3-4

teeth, 3-4 rows of 3—4 teeth. Some differ-

ences in the number of teeth in each group-

ing and the number of rows in which they

occur exist between these species. However,

additional material should be examined to

quantify better any possible differences in

chaetal characteristics of these and other

species of Lamellibrachia.

With the possible exception of the max-

imum tube length provided for L. satsuma,

tube lengths of all species listed in Table 1

are of incomplete tubes so the full extent of

possible tube length in most species of La-

mellibrachia is uncertain at this time. For

L. luymesi in the Gulf of Mexico, tube

lengths may actually exceed 2 m (SLG, SH,

pers. obs.). Based on the absence of discol-

oration in the posterior region of the tube,

van der Land & N0rrevang (1975, 1977)

suggested that the tube of the holotype of

L. luymesi was not buried in sediment. In

contrast, specimens of L. luymesi in the

Gulf of Mexico may have one-half or more

of their tube length buried in sediment

(SLG, SH, pers. obs.). Van der Land &
N0rrevang (1975, 1977) acknowledged that

the tube of the holotype of L. luymesi was

incomplete posteriorly. Based on our ob-

servations of L. luymesi in the Gulf of Mex-
ico, we believe that the tube of the holotype

was broken at the time of collection, leav-

ing a posterior portion buried in sediment.

The presence of collars on the anterior

region of tubes is a common feature among
vestimentiferans so it is not a particularly

useful character to distinguish between spe-

cies. It is interesting to note, however, that

among the five described species of Lamel-

librachia, L. columna is unique in lacking

such collars on its tubes (Southward 1991).

Status 6>/ Lamellibrachia victori.—In her

comparison of species of Lamellibrachia

known at the time. Southward (1991) con-

cluded that L. columna and L. barhami

were distinct from each other and that both

species were different from L. luymesi and

L. victori. She further noted, however, that

L. luymesi and L. victori could not be clear-

ly distinguished from each other, but the

limited material available for each species

at the time hindered comparisons. Although
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no publications to date indicate that new
material of L. victori has been collected,

abundant new material of L. luymesi from

the Gulf of Mexico has been examined in

the present study, allowing for a better un-

derstanding of the morphological variation

it exhibits for a number of external features

(see Table 1). Results of this study corrob-

orate Southward's (1991) conclusion that L.

luymesi is distinct from other species of La-

mellibrachia, except for L. victori. For all

features listed in Table 1 , values for the type

material of L. victori fall within the range

of L. luymesi (holotype and Gulf of Mexico

specimens), except for length of the vesti-

mentum and aperture diameter of the tube.

Because values for these features of L. vic-

tori are taken from a very limited number

of specimens, it is difficult to know their

significance with regard to recognizing L.

victori as a valid species of Lamellibrachia.

It is likely, however, that the difference in

vestimental length is not significant. To re-

solve this issue, new material must be ob-

tained from the area where the type material

of L. victori was collected and compared

with L. luymesi. Until such a study is com-

pleted, L. victori remains questionably dis-

tinct from L. luymesi.

Discussion

Presently, ten genera of vestimentiferan

tube worms have been described, including

Lamellibrachia Webb, 1969, Riftia Jones,

1981, Escarpia Jones, 1985, Oasisia Jones,

1985, Ridgeia Jones, 1985, Tevnia Jones,

1985, Alaysia Southward, 1991, Arcovestia

Southward & Galkin, 1997, Seepiophila

Gardiner, McMullin & Fisher, 2001, and

Paraescarpia Southward, Schulze & Tun-

nicliffe, 2002. With five described species,

Lamellibrachia contains the largest number
of species of these genera. Escarpia con-

tains two recognized species, whereas all

other genera are monotypic. Among these

genera, Lamellibrachia also demonstrates

the broadest geographic range with two de-

scribed species occurring in the western Pa-

cific Ocean (L. columna and L. satsuma),

one species in the eastern Pacific Ocean (L.

barhami), and two species in the western

Atlantic Ocean, including the Gulf of Mex-
ico (L. luymesi and L. victori). Dando et al.

(1992) found tubes of vestimentiferan

worms in a shipwreck in 1160 m of water

in the eastern Atlantic Ocean off Vigo,

Spain. They indicated that the appearance

of the tubes resembled that of tubes of L.

barhami, but they were unable to confirm

the identity of the species because fully in-

tact worms were not available. Williams et

al. (1993), however, were able to obtain de-

graded tissue from these tubes. In their

analysis of the 28S rRNA nuclear gene,

they demonstrated that this tissue consis-

tently grouped with species of Lamellibra-

chia also examined in their study. This find-

ing supports the suggestion that the tubes

belong to a species of Lamellibrachia,

thereby confirming the presence of Lamel-

librachia in the eastern Atlantic Ocean. Re-

cently, Lamellibrachia was reported from

the southeastern Mediterranean Sea off

Crete and Turkey in about 1700 to 2000 m
of water (Olu-Le Roy et al. 2001). Cur-

rently, no vestimentiferan species are

known to occur in the Indian Ocean (see

Van Dover et al. 2001).

The two Atlantic species of Lamellibra-

chia are presently known only from cold

seep regions on continental margins. It is of

interest to note that two Pacific species, i.e.,

L. barhami and L. satsuma, have been col-

lected from vent and seep sites, whereas a

third described Pacific species, L. columna,

is recorded only from vent sites (Southward

& Galkin 1997, Tunnicliffe et al. 1998, Ko-

jima et al. 2001). In a study based on a

partial nucleotide sequence of the cyto-

chrome oxidase I mitochondrial gene (COI)

of specimens of Lamellibrachia collected

from ten sites in the western Pacific, Koji-

ma et al. (2001) recognized four tentative

undescribed species, in addition to speci-

mens identified as L. satsuma. Of these four

undescribed species, two were collected

from vent sites only, one was found exclu-
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sively in seep sites, and one occurred in

vent and seep sites.

Among species of Lamellibrachia pres-

ently described, morphological characters

of the specimens examined in this study are

consistent with those of L. luymesi and L.

victori. If these two species are shown to

be identical in the future, L. luymesi has

priority. However, the type locality of L.

luymesi off Guyana and localities in the

northern Gulf of Mexico where specimens

were collected for the present study are sep-

arated by a distance of approximately 4000

km with localities of intermediate popula-

tions not currently known. Based on se-

quence similarity of the COI mitochondrial

gene, McMullin et al. (2003) report that

populations of a species of Lamellibrachia,

which occur over a distance of 6000 km
along the west coast of North America, rep-

resent a single species, i.e., L. barhami. Us-

ing similar evidence, McMullin et al.

(2003) also indicate that Paraescarpia echi-

nospica exhibits a geographic range of at

least 4500 km in the western Pacific Ocean.

Based on morphological similarity, we sug-

gest that L. luymesi is distributed over a

wide geographic range in the western At-

lantic Ocean.

Lamellibrachia luymesi co-occurs in the

Gulf of Mexico with two additional vesti-

mentiferan worms, Seepiophila jonesi,

which is sympatric with L. luymesi in cer-

tain seep communities (see Gardiner et al.

2001), and Escarpia laminata which was
originally recorded from deep water at the

base of the Florida Escarpment (Paull et al.

1984, Jones 1985). In addition to the seep

sites reported in this study, a species of La-

mellibrachia occurs along the Louisiana

slope in the Gulf of Mexico in a large num-
ber of other seep sites (see references in

synonymy above for coordinates), extend-

ing along a distance of at least 480 km and

depths of 550 to 650 m of water. An anal-

ysis of the COI gene of specimens taken

from populations of Lamellibrachia along

this distance of the Louisiana slope, includ-

ing the seep sites used for this study, shows

genetic distances indicative of intraspecific

variation (McMullin et al. 2003). Morpho-
logical similarity of specimens examined in

this study, together with the evidence from

the analysis of the COI gene, support the

suggestion that a single species of Lamel-

librachia, i.e., L. luymesi, inhabits hydro-

carbon seep communities along the Loui-

siana slope in the Gulf of Mexico.
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Four new genera of leucosiid crabs (Crustacea: Brachyura:

Leucosiidae) for three new species and nine species previously in the

genus Randallia Stimpson, 1857, with a redescription of the type

species, R, ornata (Randall, 1939)

Bella S. Galil

National Institute of Oceanography, Israel Oceanographic and Limnological Research,

P.O.B. 8030, Haifa 31080, Israel, e-mail: bella@ocean.org.il

Abstract.—A study of the leucosiid genus Randallia Stimpson, 1857, led to

the description of four new genera: Tanaoa, for R. distincta Rathbun, 1893, R.

pustulosa Wood-Mason, in Wood-Mason & Alcock, 1891, and a new species,

T. nanus', Tokoyo for R. ehurnea Alcock, 1896, and a new species, T. cirrata\

Torn for R. granuloides Sakai, 1961, R. thtuberculata Sakai, 1961, R. pila Tan,

1996, R. mesjatzevi Zarenkov, 1990, and a new species, T. septimus; and Ur-

ashima, for R. lamellidentata Wood-Mason, 1892, and R. pustuloides Sakai,

1961. Randallia is restricted to its type species, R. ornata (Randall, 1839), and

provisionally 12 other species currently placed in this genus pending further

revision. All new genera are diagnosed and species assigned to them described

or redescribed and illustrated; extended synonymies are given, and a key for

species identification is provided. The type species, R. ornata, is redescribed.

The genus Randallia Stimpson 1857a

was established for Ilia ornata Randall,

1839, a leucosiid crab known from the Pa-

cific and Gulf coasts of California (Stimp-

son, 1857a). The chaotic leucosiid system-

atics and the fact that Stimpson (1857a: 85;

1857b:471) gave but a cursory description,

allowed for a miscellaneous assortment of

leucosiid crabs to be relegated to that ge-

nus. Several authors (Doflein 1904, Serene

& Soh 1976, Tan 1996) regarded Randallia

as a heterogenous genus in need of revision.

Yaldwyn & Dawson (1976) sorted Randal-

lia species into four ill-fitting "species

groups" according to rugosity of the cara-

pace and length of chelipeds, while disre-

garding the variation in the segmentation of

the male abdomen, structure of the first

male pleopod, and other morphological fea-

tures. Though 30 species have been hitherto

assigned to Randallia, doubts remained as

to their systematic position (Ovaere 1989).

A study of the extensive collections of

the National Museum of Natural History,

Smithsonian Institution, Washington, D.C.,

together with other major collections has

enabled re-examination of many type spec-

imens and much of the published material,

and led to a reevaluation of Randallia. As
result, the genus is herein restricted to its

type species, R. ornata (Randall 1839),

known from the eastern Pacific, and 12 oth-

er species provisionally retained in Randal-

lia s. s. pending further revision (Table 1).

Of the other 17 species hitherto assigned to

Randallia s. 1., /?. angelica Garth, 1940 was

synonymized with R. ornata (Randall,

1839), by Hendrickx (1997). Randallia ja-

ponica Yokoya, 1933 was declared a junior

synonym of R. ehurnea Alcock, 1896, by

Sakai (1934). Four species were transfeiTcd

to other genera: R. coronata Alcock & An-

derson, 1894 to Pariphiculus Alcock, 1896,

by Alcock (1896); R. lanata Alcock, 1896

and R. villosa Chen, 1989 to Ihleus Ovaere,

1989, by Ovaere (1989); and R. mirabilis
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Table L—Generic assignment of species hitherto attributed to Randallia Stimpson, 1857a (* species herein

provisionally retained in Randallia s. s., pending further revision).

*7?. agaricias Rathbun, 1898.

*/?. americana (Rathbun, 1893)

R. angelica Garth, 1940: synonymized with R. ornata (Randall, 1839) (see Hendrickx 1997).

*/?. bulligera Rathbun, 1898

R. coronata Alcock & Anderson, 1894: reassigned to Pariphiculus Alcock, 1896 (see Alcock 1896)

*i?. curacaoensis Rathbun, 1922

R. distincta Rathbun, 1893: placed in Tanaoa, new genus

*/?. eburnea Alcock, 1896: placed in Tokoyo, new genus

*/?. glans Alcock, 1 896

*7?. gilberti Rathbun, 1906

*/?. granulata Miers, 1886

R. granuloides Sakai, 1961: placed in Toru, new genus

R. japonica Yokoya, 1933: synonymized with R. eburnea Alcock, 1896 (see Sakai 1934)

*i?. laevis (Borradaile, 1916)

R. lamellidentata Wood-Mason, 1892: placed in Urashima, new genus

R. lanata Alcock, 1896: reassigned to Ihleus Ovaere, 1989 (see Ovaere 1989)

R. mesjatzevi Zarenkov, 1990: placed in Toru, new genus

*/?. minuta Rathbun, 1935

R. mirabilis Zarenkov, 1969: reassigned to Raylilia Galil, 2001 (see Galil 2001)

*i?. nana Zarenkov, 1990

R. ornata (Randall, 1839): type species of Randallia Stimpson, 1857a

R. pila Tan, 1996: placed in Toru, new genus

*/?. pustulilabris Alcock, 1896

R. pustuloides Sakai, 1961: placed in Urashima, new genus

R. pustulosa Wood-Mason, in Wood-Mason & Alcock, 1891: placed in Tanaoa, new genus

R. serenei Richer de Forges, 1983: is placed in synonymy with Tanaoa distinctus (Rathbum, 1893)

*/?. speciosa Chen, 1989

R. trituberculata Sakai, 1961: placed in Toru, new genus

R. villosa Chen, 1989: reassigned to Ihleus Ovaere, 1989 (see Ovaere 1989)

R. vitjazi Zarenkov, 1994: placed in synonymy with Tanaoa pustulosus (Wood-Mason, in Wood-Mason &
Alcock, 1891)

Zarenkov, 1969 to Raylilia Galil, 2001, by Abbreviations used are: btw, between;

Galil (2001). Four new genera are herein coll., collector; CP, chalut a perche (beam

established for three new species, and nine trawl); CH, chalut (trawl); DW, Waren
species previously in Randallia s. 1. Ran- dredge; I., Island; Is., Islands; Lt., Light; Pt.,

dallia serenei Richer de Forges, 1983, and Point; Stn, station. The French expedition

Randallia vitjazi Zarenkov, 1994, were rec- BATHUS was named after the Greek word

ognized as junior synonyms of previously for deep, bathys. The other French expedi-

described species. Randallia s. s. differs tions are identified by acronyms: BORDAU,
from the newly established genera in hav- a contraction of "bordure d'Australo-indi-

ing the antennular operculum entirely seal- enne plateau"; CHALCAL, "chalutage New
ing the antennular aperture, the anterior Caledonia"; HALIPRO, "halieutique pro-

margin of efferent branchial channel trilo- fonde"; KARUBAR, a contraction of the

bate, and the male abdominal segments 3- names of Kai, Aru and Tanimber Islands;

5 fused. All species in the new genera are MUSORSTOM was organized jointly by the

described or redescribed and illustrated, ex- Museum national d'Histoire naturelle and

tended synonymies given, and a key for the Office de la Recherche Scientifique et

their identification is provided. The type Technique Outre-Mer (ORSTOM).
species, R. ornata, is also redescribed. The length of each specimen was mea-
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sured along the vertical median line of the

carapace, excluding intestinal spine.

The material used remains deposited in

the following museums: National Museum
of Natural History, Smithsonian Institution,

Washington, D.C. (USNM); The National

Natuurhistorische Museum, Leiden (former-

ly Rijksmuseum van Natuurlijke History)

(NNM); Museum national d'Histoire natu-

relle, Paris (MNHN); The Natural History

Museum, London (NHM); Australian Mu-
seum, Sydney (AMS); National Institute of

Water & Atmospheric Research, New Zea-

land (NIWA); National Taiwan Ocean Uni-

versity, Keelung (NTOU); Queensland Mu-
seum, Brisbane (QM); South African Mu-
seum, Cape Town (SAM); Senckenberg Mu-
seum, Frankfurt (SMF); Western Australian

Museum, Perth (WAM); Zoological Muse-

um, Amsterdam (ZMA); and Zoological

Museum, Moscow University (ZMMU).

Randallia omata (Randall, 1839)

Figs. lA, 3A, B

Ilia omata Randall, 1839:129.

Guaia omata Gibbes, 1850:186.

Randallia ornata Stimpson, 1857a:85;

1857b:471, pi. 20 fig. 3; 1860:69.—Rath-

bun, 1898:613; 1904:170; 1937:172, pi.

49, figs 1-2.—Holmes, 1900:100.—Wey-
mouth, 1910:18, pi. 1, fig. 3.—Baker,
1912:102.—Schmitt, 1921:188, fig.

116.—Serene, 1954:491.—Garth, 1960:

111; 1966:10.—Richer de Forges, 1983:

634 (tab.).—Austin, 1985:646.—Bonfil

& Carvacho, 1989:83, fig. 4a.—Hen-
drickx, 1990:45; 1992:7; 1995:129;

1997:163, fig. 114.

Randallia angelica Garth, 1940:54; pi. 11,

figs 1-2.—Serene, 1954:492.—Richer de

Forges, 1983:634 (tab.).—Rodriguez de

la Cruz, 1987:120.

Not Randallia omata Boone, 1930:59, pi.

12 [= R. bulligera Rathbun fide Garth

1966:10].

Type material.—Paratypes of Randallia

angelica Garth, 1940: Puerto Refugio, An-
gel de la Guardia L, RA^ Velero, Stn 541-

36, 1 10 m, 4 Mar 1936, 6 19.5 mm, 9 18.5

mm (USNM 139772).

Material examined.—United States. Cal-

ifornia, San Francisco, 1880, coll. D. S. Jor-

dan, 2 9 30.2, 38.3 mm (USNM 3115). San

Francisco Bay, RfV Albatross, Apr 1914, S
44.0 mm (USNM 55532). Golden Gate, 21

Jun 1915, 9 ovig. 39.8 mm (USNM
66506). Monterey Bay, Santa Cruz Light-

house, RA^ Albatross, Stn 4560, 18 m, 11

Jun 1904, 6 30.2 mm (USNM 66505). San-

ta Barbara, 1880, coll. D. S. Jordan, 4 c^

48.8-54.4 mm, 4 9 ovig. 30.2-33.4 mm
(USNM 3101). Mugu Bay, Ventura Co.,

Aug 1923, coll. E. P. Chace, 6 25.2 mm,
9 ovig. 27.4 mm (USNM 57284). Santa

Cruz I., R/y Albatross, 1 Feb 1889, 9 40.0

mm (USNM 17394). San Pedro I., Mar
1931, $ 26.3 mm (USNM 21791). Long
Beach, coll. H. N. Lowe, 2 6 28.9, 41.9

mm, 2 9 33.5, 35.5 mm (USNM 46684).

Newport Bay, 16 Jan 1939, coll. S. A. Gla-

sell, 4 $ 19.8-33.5 mm, 9 18.7 mm
(USNM 207834). Santa Catalina I., RA^
Anton Dohm, 30 Dec 1912, 2 S 16.4, 26.2

mm, 9 18.2 mm (USNM 50115). Catalina

harbour, 23 Jun 1916, S 15.6 mm, 9 ovig.

17.6 mm (USNM 66488). SW Catalina har-

bour, 23 Jun 1916, 9 19.4 mm (USNM
66496). San Nicolas I., RA^ Albatross, Stn

4422, 57 m, 13 Apr 1904, 9 21.4 mm
(USNM 66504). San Diego Bay, RA^ Al-

batross, 1 Mar 1904, 9 33.4 mm (USNM
66507).

Mexico. Lower California, Playa Maria

Bay, 24-26 Aug 1896, coll. A.W Anthony,

8 6 31.3-53.3 mm, 5 9 ovig. 25.7-37.7

mm (USNM 19521). Corona del Mar, 13

m, Jul 1935, coll. G. E. MacGinitie, S 48.8

mm (USNM 89739). Mar 1948, coll. G. E.

MacGinitie, 9 ovig. 30.8 mm (USNM
89742). Balboa, 0-27.5 m, coll. S. H. Glas-

sell, 4d 11.9-27.3mm, 4 9 18.1-35.3 mm
(USNM 207834).

Redescription.—Dorsal surface of cara-

pace smooth, minutely shagreened anteri-

orly. Frontal lobes triangulate, anteriorly

granulate. Anterolateral margin with sub-

hepatic granulate tubercle, 3 or more pear-
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Fig. L A, Randallia ornata (Randall, 1839): S cl 30.2 mm, dorsal view, California, Monterey Bay, R/V
Albatross, Stn 4560, USNM 66505; B, Tanaoa distinctus (Rathbun, 1893): S cl 40.5 mm, dorsal view. Banc

Tuscarora, MUSORSTOM 7, Stn DW 556, MNHN; C, Tanaoa nanus, new species: holotype, S cl 12.7 mm,
dorsal view, Vanuatu, MUSORSTOM 8, Stn CP 1053, MNHN; D, Tanaoa pustulosus (Wood-Mason, in Wood-
Mason & Alcock, 1891): 6 cl 35.8 mm, dorsal view, Btw Negros, Siquijor, R/V Albatross Stn 5538, USNM;
E, Tokoyo cirrata, new species: holotype, S cl 13.0 mm, dorsal view, Vanuatu, MUSORSTOM 8, Stn CP 1086,

MNHN; F, Tokoyo eburnea (Alcock, 1896): S cl 14.8 mm, dorsal view, Japan, Tosa Bay, SMF 22577.

liform granules on epibranchial margin.

Posterolateral margin with small, triangular

denticle. Posterior margin bearing 2 dorso-

ventrally flattened triangular denticles lat-

erally, pearliform granules medially. Hepat-

ic region tumid, topped by 1 or more pear-

liform granules. Intestinal region slightly

inflated, bearing a granule (Fig. lA).

Anterior margin of efferent branchial

channel granulate, with 3 subequal lobes.
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Fig. 2. A, Tom granuloides (Sakai, 1961): 6 cl 23.0 mm, dorsal view. Loyalty Is, MUSORSTOM 6, Stn

DW 456 (MNHN); B, Toru pilus (Tan, 1996): S cl 10.8 mm, dorsal view, Vanuatu, MUSORSTOM 8, Stn CP
1047 (MNHN); C, Toru septimus, new species: holotype. S cl 13.1 mm, dorsal view. Loyalty Is., Stn DW 421

(MNHN); D, Toru trituberculatus (Sakai, 1961): 6 cl 13.0 mm, dorsal view, Japan, Mimase (SMF); E, Urashima

lamellidentatus (Wood-Mason, 1892): holotype. 6 cl 11.9 mm, dorsal view, Andaman Is. (NHM 1896.9.8.7); E
Urashima pustuloides (Sakai, 1961): S cl 32.8 mm, dorsal view, Taiwan, I-Lan county (MNHN B26326).

Third maxilliped anteriorly setose, granu-

lose.

Cheliped merus 0.75 as long as carapace,

set with pearliform granules; carpus with

podus swollen, smooth but for minutely

granulate upper margin; fingers, longer than

palm, set with longitudinal granulate ridges.

Pereiopodal carpi 1-4 with upper margin

few granules distally on upper margin; pro- distally granulose; upper margin of propodi
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G H
Fig. 3. A, B, Randallia ornata (Randall, 1839), 6 cl 30.2 mm, California, Monterey Bay, RA^ Albatross,

Stn 4560 (USNM 66505): A, first pleopod; B, apex of first pleopod. C, D, Tanaoa distinctus (Rathbun, 1893),

S cl 40.5 mm. Banc Tuscarora, MUSORSTOM 7, Stn DW 556, (MNHN): C, first pleopod; D, apex of first

pleopod. E, F, Tanaoa nanus, new species, c? cl 13.7 mm, Indonesia, Tanimbar I., KARUBAR, Stn CP 39

(MNHN): E, first pleopod; F, apex of male first pleopod. G, H, Tanaoa pustulosus (Wood-Mason, in Wood-

Mason & Alcock, 1891), 6 cl 34.0 mm, Japan, Tosa Bay (NHM 1961.6.5.38/39): G, first pleopod; H, apex of

first pleopod. Scales = 1 mm.

1-4 bearing medially granulate ridge; lower

margin of fifth pereiopodal merus, propo-

dus granulate.

Thoracic sternites, abdomen minutely

pitted. Male first pleopod slightly sinuous,

dorso-ventrally flattened, tip thickened,

with dense tuft of setae subapically on in-

ternal margin (Figs. 3A, B).

Color.—"Carapace variegated with san-

guineous spots, confluent anteriorly; cheli-

peds variegated with red" (Rathbun 1937:

172). "Ground color of carapace olive buff

almost covered anteriorly with dots of

chrome yellow. Large, regular designs vi-

naceous russet, smaller patches paler and

more orange. Posterior spines white. Che-

liped yellow to pale buff, merus covered

with carrot red, carpus and manus with a

coarse netting of the same color. Merus of

ambulatory legs pale yellowish white at

base blending into intense scarlet on distal

portion. Remaining segments yellowish

white; dactyl yellow tipped." (Garth 1940:

55).

Distribution.—Eastern Pacific: Pacific

and Gulf coasts of California, 10-185 m.

Remarks.—Randall's (1839) specimens

are no longer extant (Rathbun 1937:172).

According to Garth (1940) R. angelica dif-

fers from R. ornata in degree of granula-

tion, more prominent frontal teeth and more

pronounced angle of front with hepatic

margin. Two decades later Garth (1960)

considered it a synonym of R. ornata, and

yet six years later (Garth 1966) reversed

himself again and considered R. angelica a

"Gulf of California cognate" of R. ornata.

Hendrickx (1997:163), who examined spec-

imens collected off the Pacific and Gulf of

California coasts, maintained that R. angel-

ica is but a synonym of R. ornata.

Examination of large series of speci-

mens, including Garth's paratypes, revealed

intraspecific variability in granulation.

Smaller specimens (cl < 25 mm) tend to

bear coarser, denser granules on the cara-

pace and legs. The differences in granula-

tion enumerated by Garth (1940:56) as

characteristic of R. angelica fall within the

range of variation observed for R. ornata.

The 12 species provisionally assigned to

Randallia s. s. differ from R. ornata in a

number of characters. Randallia americana

(Rathbun, 1893), R. glans Alcock, 1896, R.
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agaricias Rathbun, 1898 and R. speciosa

Chen, 1989 differ from R. ornata in having

a bilobate margin to the efferent branchial

channel. Randallia granulata Miers, 1886,

R. gilberti Rathbun, 1906, and R. nana Zar-

enkov, 1990 differs from R. ornata in hav-

ing segments 3-6 of male abdomen fused

in addition to the bilobate margin to effer-

ent branchial channel. Randallia pustulila-

bris Alcock, 1896, R. laevis (Borradaile,

1916) and R. minuta Rathbun, 1935 differ

from R. ornata in having the antennular

operculum sealing only the bottom half of

antennular aperture. Randallia bulligera

Rathbun, 1898 differs from R. ornata in its

male first pleopod having a petaloid tip.

Randallia curacaoensis Rathbun, 1922 dif-

fers from R. ornata in having the sixth ab-

dominal segment in the male bearing prox-

imally a triangular denticle. As previously

mentioned, these species are herein retained

in Randallia s. s. pending further revision,

rather than leave them as incertae sedis.

Tanaoa, new genus

Diagnosis.—Carapace subcircular, glo-

bose. Front narrow, uptilted, bilobed. Eyes

small, retractible. Outer orbital margin tri-

sutured, V-shaped gap proximally on ven-

tral margin. Antennules obliquely folded,

basal antennular segment squat, operculi-

form, sealing lower antennular aperture.

Antennae small, slender, basal antennal seg-

ment inserted in orbital hiatus. Postorbital

region concave. Branchial, intestinal re-

gions swollen, demarcated by grooves, 2

pairs of pits along cardiobranchial grooves.

Posterior margin of carapace narrow, biden-

tate.

Third maxilliped exopod not quite seal-

ing efferent branchial channel. Third max-
illiped exopod slightly shorter than endo-

pod; merus of endopod subtriangular, short-

er than subrectangular ischium. Anterior

margin of efferent branchial channel pro-

duced, bilobed, separated by narrow groove

from lower orbital margin.

Chelipeds long, slender, equal. Cheliped

with merus and palm subcylindrical; fingers

nearly as long as upper margin of palm, in-

ner margins denticulate. Pereiopods 1-5

slender, short; all but last dactyl shorter than

propodi; upper surface of pereiopodal dac-

tyls setose, tips corneous.

Fourth thoracic sternite swollen laterally.

Male abdominal sulcus deep, nearly reach-

ing buccal cavity, anterior margin raised,

prominently granulate. Male abdomen tri-

angular, abdominal segments 3-6 fused,

basio-lateral regions of fused segments in-

flated, anterior margin bearing denticle. Tel-

son slender, one-third as long as fused seg-

ments, not reaching tip of abdominal sul-

cus. Walls of abdominal sulcus carinate

along sternal sutures 2-4. Female abdomi-

nal segments 4-6 fused, swollen, shield-

like. Telson ogival, fitting between third

maxillipeds, posteriorly sinuous.

Male first pleopod elongate, slightly sin-

uous, attenuate; bearing minute preapical

process perpendicular to tip (Fig. 4a, b);

second pleopod short, distally scoop-like.

Type species.—Randallia pustulosa

Wood-Mason, in Wood-Mason & Alcock,

1891. Gender: feminine.

Species.—Tanaoa distinctus (Rathbun,

1893), Tanaoa nanus, new species, Tanaoa

pustulosus (Wood-Mason, in Wood-Mason
& Alcock, 1891).

Etymology.—In the myths of the Mar-

quesas islanders, Tanaoa is the god of dark-

ness, confined to the depths of the ocean.

The name Tanaoa is to be considered as an

arbitrary combination of letters and here-

tofore takes the gender masculine.

Remarks.—Tanaoa, new genus, differs

from Randallia s. s. as follows: antennular

operculum seals only the lower antennular

aperture; the third maxilliped exopod and

efferent branchial channel gape anteriorly;

the anterior margin of the efferent branchial

channel is bilobate; male abdominal seg-

ments 3-6 are fused; and the male first ple-

opod is distally attenuate, bearing a preap-

ical process. In contrast, in Randallia s. s.

the antennular operculum seals entirely the

antennular aperture; the third maxilliped ex-
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opod seals the efferent branchial channel;

the anterior margin of the efferent branchial

channel is trilobate; the sixth segment of the

male abdomen is free; and the male first

pleopod is distally club-shaped.

Tanaoa distinctus (Rathbun, 1893), new
combination

Figs. IB, 3C, D

Randallia distincta Rathbun, 1893:257;

1906:890, pi. 16, fig. 2, 3, text-fig. 44.—
Ihle, 1918:312.—Serene, 1954:492;

1968:45.—Yaldwyn & Dawson, 1976:

97.—Richer de Forges, 1983:634(tab),

636, 638.

Randallia serenei Richer de Forges, 1983:

634, figs 1-4.—Poupin & Richer de

Forges, 1991:211.

Type material.—Holotype of Randallia

distincta Rathbun, 1893: Hawaiian Is.,

Oahu I., R/V Albatross Stn 3472, 21°12'N,

157°49'W, 4 Dec 1891, 540 m, ? 20.4 mm
(USNM 17516). Holotype of Randallia ser-

enei Richer de Forges, 1983: Tahiti. Port

Phaeton, 400-500 m, 1978, coll. B. Richer

de Forges, 2 S 40.3, 41.8 mm (MNHN
B8735).

Material examined.—Marquesas Is., Ta-

huata I., 430 m, 13 Sep 1987, S 32.5 mm,
$ 31.0 mm (MNHN); 9°54.5'S, 139°08.2'W,

350 m, 1 Sep 1990, coll. J. Poupin, 2 c^

31.0, 40.0 mm, 2 9 31.8, 43.7 mm
(MNHN). Eiao I., 7°58.5'S, 140°44.5'W, 415

m, 19 Jan 1991, coll. J. Poupin, 6 S 39.7-

44.3 mm, 10 ? 22.6-42.9 mm (MNHN).
MUSORSTOM 9, Stn CP 1169, 8°59'S,

140°05'W, 391-408 m, 24 Aug 1997, S
32.2 mm (MNHN). Stn CP 1191, 8°46'S,

140°07'W, 390-400 m, 26 Aug 1997, S
41.7 mm (MNHN). Stn CP 1251, 9°47'S

139°38'W, 500-650 m, 2 Sep 1997, S 40.0

mm (MNHN). Stn CP 1268, 7°56'S

140°43'W, 285-320 m, 4 Sep 1997, S 43.6

mm, ? ovig. 39.1 mm (MNHN). Stn CP
1270, 7°56'S 140°43'W, 497-508 m, 4 Sep

1997, S 30.3 mm, 9 31.5 mm, 1 juv.

(MNHN). Stn CP 1276, 7°52'S 140°37'W,

800-805 m, 5 Sep 1997, 6 21.3 mm

(MNHN). Stn CP 1281, 7°48'S 140°2rw,
450-455 m, 7 Sep 1997, 9 31.5 mm
(MNHN). Stn DW 1287, 7°54'S, 140°40'W,

163-245 m, 7 Sep 1997, S 42.6 mm
(MNHN).

Tuamotu Archipelago. 18°04.2'S, 14r01.8'W,

500 m, 2 Jun 1990, coll. J. Poupin, S 43.0

mm, 9 ovig. 42.7 mm (MNHN). Makemo,
300-600 m, 4 Jun 1988, coll. J. Poupin, 9

32.5 mm (MNHN).
Society Is., 15°48'S, 154°32'W, 500-700

m, 21 Jul 1988, coll. J. Poupin, S 40.6 mm
(MNHN). Tahiti. Port Phaeton, 400-500 m,

6 Oct 1978, coll. B. Richer de Forges, S
40.3 mm (MNHN B8734). Bora-Bora I.,

400-700 m, 23 Jul 1988, coll. J. Poupin: c^

39.5 mm (MNHN). Taravao, 17°47'S,

149°2rw, 500-600 m, 11 Dec 1988, coll.

J. Poupin, 3 6 30.8-39.5 mm, 9 40.7 mm
(MNHN).
Hawaiian Is. Maui I., W Puniawa Pt,

R/V Albatross Stn 4079, 2r01.40'N,
156°22.50'W, 261-326 m, 21 Jul 1902 6

42.5 mm, 9 ovig. 39. 7 mm (USNM
29883). R/V Albatross Stn 4082, 21^04.35

N, 156°21.10'W, 402-435 m, 21 Jul 1902

3 6 20.9-30.8 mm, 2 9 32.3, 43.6 mm
(USNM 29884). Oahu I., SW Diamond
Head Lt, R/V Albatross Stn 3813, 483-

335 m, 28 March 1902, c^ 30.4 mm
(USNM 29872). SW Diamond Head Lt,

R/V Albatross Stn 3818, 536-540 m, 31

Mar 1902, c^ 20.5 mm (USNM 29873).

Oahu, SW Kahuku Pt, R/V Albatross Stn

4115, 2r41.5'N, 158°08.5'W, 357-441

m, 25 Jul 1902, 9 29.8 mm (USNM
29885). Off Honolulu, 27-40 m, Feb-Mar
1962: 9 ovig. 41.6 mm (WAM c24429).

Hawaii I., Kawaihae Lt., R/V Albatross

Stn 4044, 20°03.15'N, 155°55.20'W, 426-

362 m, 11 Jul 1902, 6 43.0 mm, 9 32.7

mm (USNM 29882). Pailolo Channel, btw

Maui, Molokai Is., R/V Albatross Stn

3883, 21°09.15'N, 155°34.15'W, 507-520

m, 16 Apr 1902, 2 c^ 12.6, 18.6 mm, 9

19.8 mm (USNM 29878). Pailolo Chan-

nel, btw Maui, Molokai Is., R/V Albatross

Stn 3865, 468-518 m, 10 Apr 1902, 4 S
13.3-20.7 mm, 9 13.1 mm (USNM
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29877). Molokai I., R/V Albatross Stn

3836, 2r00.05N, 157°08.20'W, 435-467

m, 3 Apr 1902, 2 ? 20.2, 18.3 mm
(USNM 29874).

Western Samoa. Upolu I., Apia, 250-846

m, 5-16 Sep 1980, coll. D. Popper, S 43.5

mm, ? 30.8 mm (NNM 35234).

Wallis Is. MUSORSTOM 7, Stn DW
525, 13°irS, 176°15'W, 500-600 m, 13

May 1992, $ 42.2 mm (MNHN).
Banc Tuscarora. MUSORSTOM 7, Stn

DW 556, ir49'S, 178°18'W, 440 m, 19

May 1992, S 40.5 mm (MNHN).
New Zealand. 34°24.0'S, 173°10.3'E,

472 m, 21 Mar 1982, S 35.9 mm (NIWA).

Guam. Agana Bay, 303 m, 28-9 Aug
1975, coll. L. Eldredge, $ 24.9 mm
(MNHN B8737).

Redescription.—Dorsal surface of cara-

pace covered with pearliform granules, in-

terspaced with smaller granules, granules

more pronounced posteriorly. Frontal lobes

triangulate, minutely and closely granulate.

Third maxilliped prominently granulose.

Subhepatic margins of carapace somewhat
inflated, 3 low granulate tubercles on epi-

branchial margin, more pronounced in ju-

veniles. Hepatic, branchial, and intestinal

regions demarcated by shallow grooves. In-

testinal region bearing small tubercle pos-

teriorly, tubercle reduced in larger speci-

mens; conical, upcurved in juveniles. Pos-

terior margin bearing 2 stubby protrusions

laterally (Fig. 3C, D).

Cheliped and pereiopods 1-5 closely

granulate throughout. Cheliped merus in

adult male nearly as long as carapace; fin-

gers nearly as long as upper margin of

palm. Pereiopodal dactyls tomentose ante-

riorly.

Thoracical sternites granulate. Fused ab-

dominal segment in male triangular, bearing

transverse ridge, with preapical median

denticle. Telson slender, third as long as

fused abdominal segments. Female abdo-

men granulate, granules larger, closer prox-

imally, low denticle medially on distal mar-

gin. Male first pleopod with transverse dig-

itate process preapically (Fig. IB).

Distribution.—Pacific Ocean: Marquesas

Is., Tuamotu Archipelago, Society Is., Ha-

waiian Is., Samoa, Banc Tuscarora, Wallis

Is., New Zealand, Guam; 27—805 m.

Remarks.—K2ii\ihun (1893:257) de-

scribed Randallia distincta from a juvenile

female specimen, but on examining addi-

tional material collected by the Albatross,

observed that adult specimens differ from

juveniles in lacking tubercles on the bran-

chial margins, denticles on the posterior

margin, and a spine on the intestinal region

(Rathbun 1906:890). Richer de Forges

(1983:634) based his description of/?, ser-

enei on adult specimens, but noted (1983:

638) that a juvenile from Guam differs from

the adults in possessing "les gros granules

du bord lateral et le granule de I'aire intes-

tinal". Richer de Forges (1983:638), distin-

guished R. serenei from R. distincta in hav-

ing more rounded tubercules on the poste-

rior margin of the carapace and pronounced

branchio-cardiac grooves, though admitting

"Pour mieux decrire chacune de ces espe-

ces, il serait necessaire une gamme de taille

de chaque espece". Examination of the type

series of R. distincta and R. serenei, and

numerous additional specimens, including

the male first pleopod, has shown that the

latter is a junior synonym of the former.

The specimen collected off New Zealand

has slimmer, longer chelipeds than the other

specimens examined.

Tanaoa nanus, new species

Figs. IC, 3E, F

Randallia pustulosa: Ihle, 1918:246 (not

Randallia pustulosa Wood-Mason, in

Wood-Mason & Alcock, 1891).

Type material.—Holotype: Vanuatu. MU-
SORSTOM 8, Stn CP 1053, 16°29.23'S,

167°58.70'E, 536-519 m, 1 Oct 1994, coll.

B. Richer de Forges, S 12.7 mm (MNHN
B.28510). Paratype: Indonesia: 1°17.5'N,

118°53'E, N of Kaniungan, Siboga Stn 90,

281 m, 21 Jun 1899, c^ 14.7 mm (ZMA
242432).

Material examined.—Vanuatu. MUSOR-
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STOM 8, Stn CP 1027, 17°53.05'S,

168°39.35'E, 550-571 m, 28 Sep 1994,

coll. B. Richer de Forges, $ 13.5 mm
(MNHN). Stn CP 1047, 16°53.62'S,

168°10.49'E, 486-494 m, 30 Sep 1994,

coll. B. Richer de Forges, S 9.5 mm
(MNHN). Stn CP 1052, 16°32.37'S,

168°00.29'E, 561-564 m, 1 Oct 1994, coll.

B. Richer de Forges, S 12.3 mm (MNHN).
Stn CP 1054, 16°27.95'S, 167°57.44'E,

522-527 m, 1 Oct 1994, coll. B. Richer de

Forges, S 13.1 mm, $ ovig. 12.4 mm
(MNHN). Stn CP 1055, 16°30.11'S,

167°55.13'E, 572-580 m, 1 Oct 1994, coll.

B. Richer de Forges, 9 ovig. 15.3 mm
(MNHN). Stn DW 1072, 15°39.89'S,

167°19.6rE, 622-625 m, 4 Oct 1994, coll.

B. Richer de Forges, S 10.9 mm (MNHN).
Stn CP 1089, 15°08.82'S, 167°17.23'E,

494-516 m, 6 Oct 1994, coll. B. Richer de

Forges, S 10.9 mm, $ ovig. 12.4 mm
(MNHN). Stn CP 1111, 14°51.09'S,

167°14.00'E, 1210-1250 m, 8 Oct 1994,

coll. B. Richer de Forges, ? ovig. 14.1 mm
(MNHN). Stn CP 1124, 15°01.72'S,

166°56.5rE, 532-599 m, 9 Oct 1994, coll.

B. Richer de Forges, 2 ? ovig. 16.2, 17.1

mm (MNHN).
Walhs I. MUSORSTOM 7, Stn DW 523,

13°12'S, 176°16'W, 455-515 m, 13 May
1992, 1 juv. (MNHN).
New Caledonia. HALIPRO 1, Stn CP

867, 2r26'S, 166°18'E, 720-950 m, 22

Mar 1994, coll. B. Richer de Forges, S 10.4

mm, ? 15.6 mm (MNHN). BATHUS 4, Stn

DW 911, 18°57.80'S, 163°08.47'E, 566-

558 m, 5 Aug 1994, coll. B. Richer de

Forges, ? 12.5 mm (MNHN). Stn DW 915,

18°51.26'S, 163°16.72'E, 580-575 m, 5

Aug 1994, coll. B. Richer de Forges, 3 S
9.9-10.4 mm (MNHN). Stn DW 920,

18°45.33'S, 163°17.16'E, 610-620 m, 6

Aug 1994, coll. B. Richer de Forges, 6 8.5

mm (MNHN).
Indonesia: Tanimbar I., KARUBAR, Stn

CP 39, 7°47'S, 132°26'E, 477-466 m, 28

Oct 1991, S 13.7 mm, 9 14.4 mm
(MNHN). Stn CP 59, 8°20'S, 132°11'E,

405-399 m, 31 Oct 1991, 2 J 12.4, 12.5

mm, 2 ? ovig. 12.0, 14.6 mm (MNHN).
Stn CP 70, 8°4rS, 13r47'E, 413-410 m,
2 Nov 1991, 6 10.6 mm (MNHN).

Description.—Dorsal surface of carapace

covered with pearliform granules, inter-

spaced with smaller granules. Frontal lobes

rounded, closely granulate. Subhepatic mar-

gins of carapace somewhat swollen, median
subhepatic tubercle followed, in young
specimens, by smaller tubercle. Hepatic re-

gion bearing granulate tubercle. Anterolat-

eral margin posteriorly set with 3 granulate

tubercles, posteriormost tubercle largest.

Posterolateral margin bituberculate, poste-

rior tubercle larger. Posterior margin bear-

ing 2 conicalal tubercles laterally. Branchi-

al, intestinal regions demarcated by deep

grooves. Intestinal region swollen, bearing

granulate tubercle anteriorly, long, up-

curved spur posteriorly (Fig. IC).

Anterior margin of efferent branchial

channel deeply sutured. Third maxilliped

granulose.

Cheliped and pereiopods 1-5 closely

granulate throughout. Cheliped merus in

adult male 0.75 as long as carapace, in fe-

male 0.66 carapace length; fingers as long

as upper margin of palm.

Thoracical sternites in male boldly gran-

ulate. Telson slender, third as long as fused

abdominal segments. Male first pleopod

with lamellate process preapically (Figs.

3E, F).

Etymology.—From the Latin nanus,

small, minute.

Distribution.—Indo-Pacific Ocean: Wal-

lis I., Vanuatu, New Caledonia, Indonesia;

281-1250 m.

Remarks.—Tanaoa nanus differs from T.

pustulosus in its much smaller size, its

coarsely granulated carapace, and the la-

mellate preapical process of the first male

pleopod.

Tanaoa pustulosus (Wood-Mason, in

Wood-Mason & Alcock, 1891), new
combination

Figs. ID, 3G, H
Randallia pustulosa Wood-Mason, in

Wood-Mason & Alcock, 1891:266; 1892:
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pi. 5, fig. 4.—Alcock, 1896:196; 1899:

27.—Doflein, 1904:42, pi. 14, fig. 1-6

(part).—Serene, 1954:491.—Sakai, 1976:

99, pi. 30, fig. 2.—Yaldwyn & Dawson,

1976:95, figs 2-5.—Serene & Vadon,

1981:119, 124.—Richer de Forges, 1983:

634 (tab.).—McLay, 1988:100, fig. 20.—
Chen, 1989:217, fig. 15, pi. 4, fig. 1.—

Tan, 1996:1054.—Ikeda, 1998:82, pi. 19,

fig. la-d.—Ng et al., 2001:10.—Chen &
Sun, 2002:342, fig. 151, pi. 3.1.

Randallia vitjazi Zarenkov, 1994:104, pi. 5,

pi. 8B.

Not Randallia pustulosa: Ihle, 1918:246 [
=

T. nanus, new species].

Material examined.—Fiji. MUSOR-
STOM 10, Bligh Water, Stn CC 1331,

17°02.4'S, 178°01.8'E, 694-703 m, 8 Aug
1998, 7 S 21.5-30.1 mm, 1 juv. (MNHN).
Stn CC 1332, 16°56.2'S, 178°07.9'E, 640-

687 m, 8 Aug 1998, 2 S 28.5, 28.3 mm, 9

juvs. (MNHN). Stn CC 1337, 17°03.4'S,

177°47.2'E, 635-670 m, 9 Aug 1998, S

27.8 mm, 1 juv. (MNHN). Stn CP 1342,

16°46.0'S, 177°39.7'E, 650-701 m, 10 Aug
1998, 2 S 28.7, 21.4 mm (MNHN). Stn CP
1346, 17°19.6'S, 178°32.4'E, 673-683 m,

11 Aug 1998, S 30.5 mm, $ 29.9 mm
(MNHN).
New Caledonia. CHALCAL 2, Stn DW

75, 24°39.3rS, 168°39.67'E, 600 m, 29 Oct

1986, S 19.6 mm, $ 30.5 mm (MNHN
B21210). HALIPRO 1, Stn CP 867,

2r26'S, 166°18'E, 720-850 m, 22 Mar
1994, 1 juv. 15.8 mm (MNHN). BATHUS
4, Stn CP 911. 18°57.80'S, 163°08.47'E,

566-558 m, 5 Aug 1994, 1 juv. (MNHN).
Caroline Is. Palau I., Mutremdiv Pt., Jun

1981, coll. W.B. Saunders, S 31.1 mm
(USNM 354775).

Japan. Shikoku I., Mimase, Tosa Bay,

250 m, Apr 1968: S 33.7 mm (SMF 15104,

ex. coll. T. Sakai). Tosa Bay, 4 9 33.9-34.3

mm (SMF 22555, ex. coll. T Sakai). Tosa

Bay, 34.2 mm (SMF, ex. coll. T. Sakai);

Tosa Bay, S 34.0 mm, $ 35.0 mm (NHM
1961.6.5.38/39, ex. coll. T. Sakai).

Taiwan. Tashi fishing port, 22 Mar 1986,

coll. TY. Chan, $ ovig. 34.8 mm (NTOU).
Indonesia. Kai Is., KARUBAR, Stn DW

3, 5°48'S, 132°13'E, 301-278 m, 22 Oct

1991, S 39.6 mm (MNHN).
Philippines. Mindanao, Iligan Bay, RA^

Albatross Stn 5508, 8°17.24'N, 124°11.42'E,

494 m, 5 Aug 1909, S 34.4 mm (USNM).
Btw Negros, Siquijor, RA/ Albatross Stn

5538, 9°08.15'N, 123°23.20'E, 468 m, 19

Aug 1909, S 35.8 mm (USNM). MUSOR-
STOM, Stn 43, 13°50.5'N, 120°28.0'E, 484-

448 m, 24 Mar 1976, 2 S 23.8, 23.0 mm,
? 24.4 mm, 1 juv. (MNHN B 18055). Stn

44, 13°46.9'N, 120°29.5'E, 610-592 m, 24

Mar 1976, S broken, 9 15.1 mm (MNHN
B 18057). MUSORSTOM 3, Stn CP97,
14°00'N, 120°18'E, 189-194 m, 1 Jun 1985,

1 juv. (MNHN B 17999). Stn CP122,

12°20'N, 12r42'E, 673-675 m, 4 Jun 1985,

S 18.1 mm (MNHN B18000). Stn CP128,

ir50'N, 121°42'E, 815-821 m, 5 Jun 1985,

9 ovig. 35.3, 9 parasitized 22.5 mm
(MNHN B 18001).

Laccadive Sea. 8°37'N, 75°37.30'E, 9

parasitized 26.2 mm (NHM 1899.8.26.4, ex.

Indian Museum). 9°34.57'N, 75°36.30'E, 9

12.6 mm, (NHM 1896.9.8.10, ex. Indian

Museum).

Seychelles. 4°34.2'S, 56°26.6'E, 650-

630 m, 22 Oct 1987, cJ 31.3 mm (MNHN
B19100). 9°34.57'N, 75°36.30'E: 9 12.6

mm (NHM 1896.9.8.10, ex. Indian Muse-

um).

Reunion. 350-500 m, 2 Feb 1974, coll.

P Gueze, 9 31.8 mm (MNHN B 19 135).

R/V Marion Dufresne, Stn CP 122,

20°57,9'S, 55°14.5'E, 450-580 m, 1 Sept

1982, 9 31.7 mm (MNHN B 19134).

Geyser Reef. Stn 114, 12°22.3'S,

46°28.2'E, 300-600 m, 11 Apr 1977, coll.

M. Faubert, 9 24.1 mm (MNHN B 19044).

Comoro Is., Stn 61, 12°46.0'S, 44°58'E,

475-510 m, 29 Mar 1977, coll. M. Faubert,

1 juv. (MNHN B 19045).

Madagascar. 12°43.5'S, 48°14.5'E, 370

m, 14 Apr 1971, coll. A. Crosnier, 9 ovig.

30.9 mm (MNHN B 18583). Stn CH 24,

22°30.5'S, 43°07'E, 430-460 m, 13 Jan
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1986, 9 ovig. 34.7 mm (MNHN B18585).

Stn CH 27, 22°21'S, 43°05.5'E, 450 m, 15

Jan 1986, coll. R. von Cosel, ? 32.6 mm
dry (MNHN B18582). Stn CH 32,

22°25.8'S, 43°04.3'E, 450-475 m, 19 Jan

1986, coll. R. Cleva, 9 ovig. 32.7 mm
(MNHN B19726). Stn CH 37, 22°18.2'S,

43°04.8'E, 450-475 m, 21 Jan 1986, coll.

R. von Cosel, 9 ovig. 31.6 mm (MNHN
B 18587). Stn CH 38, 22°23.7'S, 43°05.5'E,

400-500 m, 21.01.1986, coll. R. von Cosel,

2 ovig. 33.5 mm (MNHN B18581). Stn

CH 58, 23°36.2'S, 43°30.5'E, 510 m, 27

Feb 1973, coll. R. von Cosel, ? ovig. 33.2

mm (MNHN B 18588). Stn CH 59,

23°36.0'S, 43°29.6'E, 600-610 m, 27 Feb

1973, 6 30.3 mm, (MNHN B 18586). Stn

CH 60, 22°25.6'S, 43°06.2'E, 475 m,

18.10.1986, coll. R. von Cosel, $ ovig.

33.3 mm (MNHN B19038). Stn CH 61,

23°36.1'S, 43°31.0'E, 445-455 m, 27 Feb

1973, (? 31.3 mm, (MNHN B 19736). Same
data, ? 32.5 mm, $ ovig. 31.7 mm
(MNHN B18584). Stn CH 81, 22°22.8'S,

43°03.3'E, 525, 25 Oct 1986, coll. R. von

Cosel, 9 31.9 mm (MNHN B 19039). Stn

CH 122, 22°16.8'S, 43°02.7'E, 600 m, 30

Nov 1986, 6 33.0 mm, 9 22.7 mm
(MNHN B 19041). Stn CH 127, 22°S, 43°E,

610 m, 1 Dec 1986, coll. R. von Cosel, 9

22.3 mm (MNHN B 19040).

Redescription.—Dorsal surface of cara-

pace unevenly granulate, obtuse granulate

tubercles laterally on branchial region.

Frontal lobes triangular, closely granulate.

Third maxilliped minutely granulose. Sub-

hepatic margins of carapace inflated, me-
dian subhepatic tubercle followed, in young

specimens, by smaller tubercle. Anterolat-

eral margin posteriorly set with 3 granulate

tubercles, posteriormost largest. Posterolat-

eral margin bituberculate, posterior tubercle

larger. Posterior margin bearing 2 dorsoven-

trally flattened denticles laterally. Branchi-

al, intestinal regions demarcated by deep

grooves; intestinal region swollen, bearing

prominent tubercle anteriorly, long, up-

curved spur posteriorly (Fig. ID).

Cheliped, pereiopods granulate through-

out. Cheliped merus in adult male nearly as

long as carapace, in female 0.85 carapace

length; fingers as long as upper margin of

palm.

Male thoracic sternites minutely granu-

late; margin of abdominal sulcus raised,

granulate. Telson slender, third as long as

fused abdominal segments. Male first ple-

opod with digitate process preapically

(Figs. 3G, H).

Color.— "(after three weeks in alcohol)

. . . dorsal surface of the carapace . . . pink-

ish-orange, with the tubercles . . . red; ven-

tral surfaces . . . pale pinkish-white" (Yald-

wyn & Dawson 1976:95). Color photo: Ike-

da, 1998:82, pi. 19, fig. la-d.

Distribution.—Indo-Pacific Ocean: Fiji,

New Caledonia, New Zealand, Caroline Is.,

Japan, Taiwan, Indonesia, Philippines, An-

daman Sea, Laccadive Sea, Seychelles,

Agalega Is., Comoro Is., Geyser Reef, Mad-
agascar, Reunion, Mozambique channel,

East Africa; 85-977 m.

Remarks.—The description and drawings

of Randallia vitjazi (Zarenkov 1994:104,

pi. 5, pi. 8B) are clearly that of T. pustu-

losus, including the filiform preapical pro-

cess of the first male pleopod. Sakai (1976:

99, pi. 14, fig. 6) believed that Doflein's

specimen {R. pustulosa) from the Nicobars

was "a different species, which seems to be

related to R. pustuloides Sakai", whereas

Chen (1989:217) declared it simply "Non
Randallia pustulosa'' [Wood-Mason]; the

specimen was not available to me at the

time of writing.

Key to Species of Tanaoa, new genus

1. Anterolateral margins of carapace bear-

ing low granulate tubercles; intestinal re-

gion bearing low tubercle posteriorly . .

T. distinctus, new combination

- Anterolateral margins of carapace bear-

ing prominent granulate tubercles; intes-

tinal region bearing prominent tubercle

anteriorly, upcurved spur posteriorly . . 2

2. Carapace length of adult >30 mm;
preapical process of male first pleopod

filiform ... T. pustulosus, new combination
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- Carapace length of adult >12 mm;
preapical process of male first pleopod

lamellate T. nanus, new species

Tokoyo, new genus

Diagnosis.—Carapace circular, globose,

regions indistinct. Front narrow, bilobed.

Eyes small, retractible. Outer orbital margin

trisutured, V-shaped gap proximally on

ventral margin. Antennules obliquely fold-

ed, basal antennular segment squat, oper-

culiform, sealing lower antennular aperture.

Antennae small, slender, basal antennal seg-

ment inserted in orbital hiatus. Postorbital

region concave. Lateral margins rounded,

bearing median tubercle. Posterior margin

of carapace narrow, tridentate.

Third maxilliped exopod sealing efferent

branchial channel, slightly shorter than en-

dopod; merus of endopod subtriangular,

shorter than subrectangular ischium; endo-

pod of adult female with vertical line of se-

tae medially. Anterior margin of efferent

branchial channel produced, deeply cleft,

separated by narrow groove from lower or-

bital margin.

Chelipeds long, slender, subequal. Che-

liped merus and palm subcylindrical; fin-

gers shorter than upper margin of palm, in-

ner margins denticulate.

Pereiopods slender, short; dactyls nearly

as long as propodi; upper surface of dactyls

distally setose, tips corneous.

Male abdominal sulcus deep, nearly

reaching buccal cavity; lateral walls of ab-

dominal sulcus with elongate cavities an-

teriorly. Male abdomen narrow, twice as

long as wide at base. Abdominal segments

3—6 fused, basio-lateral regions of fused

segments slightly inflated, bearing denticle

preapically; lateral margin carinate, carina

fitting into groove between thoracic seg-

ments 4 and 5. Telson triangular, fifth as

long as fused segments. Abdominal seg-

ments 4-6 of female fused, swollen, shield-

like; telson lingulate, posterior margin
arched. Margin of abdominal fossa in fe-

male prominent, anteriorly thickened.

Male first pleopod elongate, slightly sin-

uous, attenuate, distally sharply bent inte-

riorly; second pleopod short, distally scoop-

like.

Type species.—Randallia eburnea Al-

cock, 1896.

Species.—Tokoyo cirrata, new species,

Tokoyo eburnea (Alcock, 1896).

Etymology.—Tokoyo, in Japanese my-
thology, was a girl who slew a sea-serpent

that intimidated the fisherfolks. The name
Tokoyo is to be considered as an arbitrary

combination of letters, and heretofore takes

the gender feminine.

Remarks.—Tokoyo, new genus, differs

from Randallia s. s. in having the anten-

nular operculum sealing only the bottom

half of the antennular aperture, a bilobate

anterior margin of efferent branchial chan-

nel, and fused segments 3-6 of the male

abdomen. Tokoyo differs from the other

three new genera described herein in its tri-

dentate posterior margin of the carapace,

the preapically positioned denticle on the

fused segment of male abdomen, and the

lingulate telson in the female.

Tokoyo cirrata, new species

Figs. IE, 4A-C

Type material.—Holotype: Vanuatu. MU-
SORSTOM 8, Stn CP 1086, 15°36.58'S,

167°16.32'E, 182-215 m, 5 Oct 1994, coll.

B. Richer de Forges, 1 (^ 13.0 mm (MNHN
B.28511). Paratypes: Same data, 12 6 9.7-

13.0 mm, 6 ? 11.7-12.2 mm, 4 $ ovig.

11.7-13.2 mm, 7 juv. (MNHN B.28512).

Material examined.—Vanuatu. MUSOR-
STOM 8, Stn CP 976, 19°25.22'S,

169°26.73'E, 160-182 m, 22 Sep 1994,

coll. B. Richer de Forges, S broken, $

ovig. 12.3 mm, 1 juv. (MNHN). Stn CP
1070, 15°36.59'S, 167°16.42'E, 184-190

m, 4 Oct 1994, coll. B. Richer de Forges,

S 9.1 mm, $ ovig. 13.7 mm, 1 juv.

(MNHN).
Australia. Queensland, Moreton Bay, 36

m, Sep 1966, 2 S 23.4, 24.3 mm (AMS
P15383). East of Swains Reef, 22°26.75'S,
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153°09.17'E, 139 m, 8 Sep 1995, c^ 23.9

mm (AMS P56719).

Description.—Dorsal surface of carapace

minutely and evenly granulate. Frontal

lobes squat, minutely granulate. Subhepatic

margin of carapace somewhat swollen, with

row of granules, separated from anterolat-

eral margin by shallow concavity. Lateral

margin bearing medially small tubercle. In-

testinal region weakly swollen, demarcated

laterally by indistinct grooves. Posterior

margin bearing 3 rounded, dorso-ventrally

flattened denticles, median denticle smallest

(Fig. IE).

Third maxillipeds bearing conical gran-

ules, setae anteriorly, low granulation pos-

teriorly. Thoracic sternites indistinctly gran-

ulate; anterior sternite with diagonal gran-

ulate ridge laterally.

Cheliped with well-spaced minute gran-

ules. Cheliped merus in adult male 1.60-

1.80 as long as carapace; palm thicker dis-

tally; dactyl two-thirds as long as upper

margin of palm, gap proximally between

dactyl, pollex. Cheliped merus in female

one-third longer than carapace, palm cylin-

drical. Pereiopods punctate.

Fused abdominal segments of male bear-

ing flattened triangular denticle. Telson one-

fifth as long as fused abdominal segments.

Tip of first male pleopod vermiculate,

coiled, curled anteriorly (Figs. 4A-C).

Etymology.—From the Latin, cirratus,

curly, and refers to the shape of first pleo-

pod.

Color.—Dorsal surface of carapace or-

ange, margins paler; posterior denticles

white. Chelipeds pale orange, distal mar-

gins of merus, carpus, propodus stained

with darker orange.

Distribution.—Southwestern Pacific: Va-

nuatu and Australia; 36-215 m.

Remarks.—Tokoyo cirrata, new species,

differs from T. ehurnea Alcock, 1896, in

having an anteriorly coiled tip of the first

male pleopod, and color pattern of the car-

apace.

Tokoyo ehurnea (Alcock, 1896), new
combination

Figs. IF, 4D-F

Randallia ehurnea Alcock, 1896:197.—Al-

cock & Anderson, 1897: pi. 30, fig. 4.—
Ihle, 1918:246.—Sakai, 1934:289, pi. 18,

fig. 4; 1935:54, pi. 9, fig. 3; 1937:132,

fig. 22; 1965:42, pi. 17, fig. 1; 1976:98,

pi. 29, fig. 1.—Uchida, 1949:720, fig.

2082.—Serene, 1954:491, 1968:45.—
Utinomi, 1956:72, pi. 36, fig. 8.—Tyn-
dale-Biscoe & George, 1962:87, fig.

7.7.—Chang, 1963:7, fig. 1.—Zarenkov,

1969:24, fig. 7.3.—Takeda & Miyake,

1970:225.—Campbell, 1971:41.—Take-
da, 1973:32, fig. 3e, f; 1975:143; 1997:

238; 2001:230.—Serene & Soh, 1976:12,

pi. 3, fig. c.—Yaldwyn & Dawson, 1976:

96.—Serene & Vadon, 1981:118, 124.—
Richer de Forges, 1983:634.—Chen,

1989:212, figs 12, 13.—Huang, 1989:

309, 1994:579.—Ng et al., 2001:10.—

Chen & Sun, 2002:338, fig. 149.—Davie,
2002:275.

Randallia japonica Yokoya, 1933:130, text-

fig. 46.

Material examined.—Japan: Shikoku L,

Tosa Bay, Nov 1958, colls T. & K. Sakai,

2 9 ovig. 18.6, 17.3 mm (USNM 120708).

Tosa Bay, 1 10 m, 10 May 1990, $ 14.8 mm
(SMF 22577). Tosa Bay, 9 19.1 mm (SMF,

ex. coll. Sakai). Off Ashizuri-Misaki, 366

m, 24 Nov 1958, ? 17.3 mm (SMF, ex.

coll. Sakai). Honshu L, SW Seno Umi, R/V
Alhatross Stn 3703, 57 m, 7 May 1900, 1

juv. (USNM 134214).

China. Off Doughai, 28 Jun 1976, S

12.3 mm, ? 13.2 mm (SMF13206).

Taiwan. Tashi, 24 Jan 1997, coll. T.Y.

Chan, 2 ? ovig. 20.1, 19.1 mm (NTOU).
Tashi, Dec 1997, coll. T.Y. Chan, 2 S 17.8,

17.3 mm (NTOU).
Indonesia. Off Borneo, 5°57'N, 109°34'E,

150 m, 1963, $ ovig. 24.4 mm (NHM 1964.

9.9.3). Btw Wowoni, Buton Is., 4°20'S,

122°58'E, 75-94 m, 'Siboga' Stn 204, 20

Sep 1899, ? 19.7 mm, 3 juvs. (ZMA
242361).
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B D G H
Fig. 4. A, B, C, Tokoyo cirrata, new species, holotype. 6 cl 13.0 mm, Vanuatu, MUSORSTOM 8, Stn CP

1086 (MNHN): A, first pleopod; B, apex of first pleopod; C, apex of first pleopod, dorsal view. D, E, F, Tokoyo

ebumea (Alcock, 1896), 6 cl 14.8 mm, Japan, Tosa Bay (SMF 22577): D, first pleopod; E, apex of first pleopod;

F, apex of first pleopod, dorsal view. G, H, Torn gramdoides (Sakai, 1961), S cl 25.8 mm. Loyalty Is., MU-
SORSTOM 6, Stn DW 487 (MNHN): G, first pleopod; H, apex of first pleopod. Scales = 1 mm.

Philippines. MUSORSTOM 1, Stn 16,

13°59'N, 120°12.3'E, 164-150 m, 20 Mar
1976, det. H. Chen, 6 21A mm, ? 26.9

mm (USNM 237656 ex. Paris Museum).
Stn CP 34, 14°0rN, 120°15.8'E, 191-188

m, 23 Mar 1976, 9 32.1 mm (MNHN B
18975). Stn CP 58, 13°58.0'N, 120°13.7'E,

143-178 m, 26 Mar 1976, 9 S 23.4-35.0

mm, 2 $ 19.4, 28.3 mm, 9 9 ovig. 26.1-

29.0 mm, 4 juvs. (MNHN B 18058). MU-
SORSTOM 3, Stn CP 88, 14°0rN,
120°17'E, 183-187 m, 31 May 1985, 8 6
12.0-23.5 mm, 12 ? 10.5-26.0 mm
(MNHN B 17989). Stn CP 96, 14°00'N,

120°18'E, 190-194 m, 1 Jun 1985, 10 S
11.1-23.8 mm, 5 ? 14.5-21.4 mm (MNHN
B 17988).

Andaman Sea. Thailand. Similan I., RA^
Te Vega, 08°46'N, 97°46'E, 75-81 m, 4

Nov 1963, 4 6 11.4-15.5 mm, 3 $ 6.4-

12.9 mm (USNM 273786).

Laccadive Sea. ir05.45'N, 75°04.08'E:

S 9.6 mm (NHM 1896.9.8.20, ex. Indian

Museum).

Redescription.—Dorsal surface of cara-

pace minutely and evenly granulate. Frontal

lobes squat, minutely granulate. Subhepatic

margin of carapace somewhat swollen, with

row of granules, separated from anterolat-

eral margin by shallow concavity. Lateral

margin bearing medially small tubercle. In-

testinal region slightly swollen, demarcated

laterally by indistinct grooves. Posterior

margin bearing 3 rounded, dorsoventrally

flattened denticles, median denticle smallest

(Fig. IF).

Third maxillipeds bearing conical gran-

ules, setae anteriorly, low granulation pos-

teriorly. Thoracic sternites indistinctly gran-

ulate; anterior sternite with diagonal gran-

ulate ridge laterally.

Cheliped with well-spaced minute gran-

ules. Cheliped merus in adult male almost

twice as long as carapace; palm thicker dis-

tally; dactyl half as long as upper margin

of palm, gap proximally between dactyl,

pollex. Cheliped merus in female one-third

longer than carapace, palm cylindrical, dac-

tyl two thirds as long as upper margin of

palm. Pereiopods punctate.

Fused abdominal segments of male bear-
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ing flattened triangular denticle. Telson one-

fifth as long as fused abdominal segments.

First male pleopod distally deflexed in-

teriorly (Figs. 4D-F).

Color.— "Yellowish-pink, with deeper

pink on anterior margins of merus and hand

of chelipeds; anterior portion of carapace

and distal joint of merus of walking legs

yellow. Fingers white" (Tyndale-Biscoe &
George 1962:87). "[B]right brick red above

and white below" (Chang 1963:7).

Distribution.—Indo-Pacific Ocean: Aus-

tralia, Japan, China, Taiwan, Vietnam, In-

donesia, Philippines, Andaman Sea, Lac-

cadive Sea; 35-366 m.

Remarks.—Alcock (1896:198) errone-

ously described the male abdominal seg-

ments 3-5 as fused, when in fact segments

3-6 are fused, as remarked by Ihle (1918:

246). Chen (1989, fig. 13b) erroneously de-

picted the sixth male abdominal segment as

articulate. Examination of immature speci-

mens showed that the pleopod drawn by

Zarenkov (1969, fig. 7.3) is of a young

male. The specimens from Borneo and the

Philippines are much larger than the others

examined, but no morphological differences

were detected.

Key to Species of Tokoyo, new genus

1 . First male pleopod with anteriorly coiled

apical process .... T. cirrata, new species

- First male pleopod with interiorly de-

flexed apical process

T. eburnea, new combination

Toru, new genus

Diagnosis.—Carapace subcircular, glo-

bose. Front narrow, uptilted, bilobed. Eyes

small, retractible. Outer orbital margin tri-

sutured, V-shaped gap proximally on ven-

tral margin. Antennules obliquely folded,

basal antennular segment squat, operculi-

form, sealing lower antennular aperture.

Antennae small, slender, basal antennal seg-

ment inserted in orbital hiatus. Postorbital

region concave. Intestinal region swollen,

demarcated by grooves, 2 pairs of pits

along cardiobranchial grooves. Posterior

margin of carapace narrow, bilobate.

Third maxilliped exopod slightly shorter

than endopod, not quite sealing efferent

branchial channel; endopod of adult female

medially with vertical line of setae; merus

of endopod subtriangular, shorter than sub-

rectangular ischium. Anterior margin of ef-

ferent branchial channel produced, bilobed,

separated by narrow groove from lower or-

bital margin.

Chelipeds long, slender, equal. Cheliped

merus, palm subcylindrical; fingers as long

as upper margin of palm, inner margins

denticulate. Pereiopods slender, short; dac-

tyls shorter than propodi; upper surface of

pereiopodal dactyls setose, tips corneous.

Fourth thoracic sternite not swollen lat-

erally. Abdominal sulcus of male deep,

elongate, nearly reaching buccal cavity, an-

terior margin raised; lateral walls of abdom-
inal sulcus with elongate cavities anteriorly.

Abdominal segments 3-6 of male fused,

basio-lateral regions inflated, fused segment

narrowing distally, bearing denticle at distal

margin; lateral margin carinate, carina fit-

ting into groove at suture between sternites

4 and 5. Telson Ungulate, two-fifths as long

as fused segment, not reaching tip of ab-

dominal sulcus. Abdominal segments 4-6

of female fused, shield-like; margin of ab-

dominal cavity prominent, rampart-like.

Telson ogival, basal margin sinuous.

Male first pleopod elongate, attenuate,

bearing long apical process; second pleopod

short, distally scoop-like.

Type species.—Randallia granuloides

Sakai, 1961.

Species.—Toru granuloides (Sakai,

1961), T. mesjatzevi (Zarenkov, 1990),

Toru pilus (Tan, 1996), Toru septimus, new
species.

Etymology.—Toru is the Polynesian god

of the chasms of the deep. The name Toru

is to be considered as an arbitrary combi-

nation of letters and heretofore takes the

gender masculine.

Remarks.—Toru, new genus, is differ-

entiated from Tanaoa, new genus, in having
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a Ungulate telson in the male, the lateral

walls of male abdominal sulcus are exca-

vate anteriorly, the male first pleopod bear-

ing a long apical process, the margins of

the female abdominal cavity prominent,

rampart-like, and the fourth thoracic ster-

nite even; whereas in Tanaoa the male tel-

son tapers narrowly, the lateral walls of the

male abdominal sulcus are entire, the preap-

ical margin of the male first pleopod bear a

minute process perpendicular with tip, the

margins of the female abdominal cavity do

not form a rampart-like edge, and the fourth

thoracic sternite is greatly swollen laterally.

Toru granuloides (Sakai, 1961), new
combination

Figs. 2A, 4G, H

Randallia granuloides Sakai, 1961:136, pi.

3, fig. 3; 1976:96, text-fig. 52.—Serene,
1968:45.—Yaldwyn & Dawson, 1976:

96.—Richer de Forges, 1983:634.

Material examined.—Wallis I. MUSOR-
STOM 7, Stn DW 583, 13°11'S, 176°14'W,

330-365 m, 22 May 1992, 9 18.5 mm
(MNHN). Stn DW 584, 13°11'S, 176°14'W,

360-400 m, 22 May 1992, 1 juv. (MNHN).
Stn DW 605, 13°2rS, 176°08'W, 335-340

m, 26 May 1992, c^ 16.6 mm (MNHN).
Fiji. MUSORSTOM 10, Stn CP 1386,

18°18.5'S, 178°05.rE, 230-344 m, 19 Aug
1998, ? ovig. 20.1 mm (MNHN). BOR-
DAU 1, Stn CP 1434, 17°irS, 178°41'W,

400-401 m, 2 Mar 1999, S 17.8 mm
(MNHN).

Loyalty Is. MUSORSTOM 6, Stn DW
416, 20°42.15'S, 166°59.60'E, 343 m, 16

Feb 1989, 6 27.3 mm (MNHN). Stn DW
428, 20°23.54'S, 166°12.57'E, 420 m, 17

Feb 1989, S 18.9 mm, 9 9.5 mm (MNHN).
Stn DW 456, 21^00.71 'S, 167°26.35'E, 240

m, 20 Feb 1989, S 23.0 mm (MNHN). Stn

DW 487, 2r23.30S, 167°46.40'E, 500 m,

23 Feb 1989, S 25.8 mm, 9 13.8 mm
(MNHN). BATHUS 2, Stn CP 737,

23°03.42'S, 166°59.97'E, 350-400 m, 13

May 1993, S 23.2 mm (MNHN).
New Caledonia. MUSORSTOM 4, Stn

194, 18°52.8'S, 163°21.7'E, 545 m, 19 Sep

1985, S 25.8 mm (MNHN B18411). Stn

236, 22°irS, 167°15'E, 495-550 m, 2 Oct

1985, 2 juv. (MNHN B21245).

Japan. 6 19.3 mm, 9 ovig. 21.5 mm
(SMF, ex. coll. Sakai). 2 S 18.8, 19.0 mm
(SMF, ex. coll. Sakai).

Redescription.—Dorsal surface of cara-

pace granulate, granules closer set posteri-

orly. Frontal lobes rounded, minutely and

closely granulate. Subhepatic margins of

carapace very slightly swollen. Lateral mar-

gin medially set with small tubercle. Pos-

terior margin bearing 2 lamellate, granulate,

triangular tubercles laterally. Intestinal re-

gion swollen, topped by low tubercle, de-

marcated by deep grooves (Fig. 2A). Third

maxilliped granulose.

Cheliped and pereiopods closely granu-

late throughout. Cheliped merus in adult

male as long as carapace; fingers as long as

upper margin of palm. Pereiopodal dactyls

anteriorly tomentose.

Thoracic sternites and abdomen minutely

granulate. Preapical denticle on fused ab-

dominal segment in male triangular.

Shaft of first male pleopod slightly

curved, with sickle-shaped apical process

(Figs. 4G, H).

Distribution.—Western Pacific: Fiji, Wal-

lis I., Vanuatu, Loyalty Is., New Caledonia,

Japan; 50-550 m.

Remarks.—Sakai (1961:136) believed

"The nearest relative of this new species

{Randallia granuloides] is R. granulata

Miers (1886)". Yaldwyn & Dawson (1976:

96), as well as Richer de Forges (1983:

634), relegated R. granuloides and R. gran-

ulata to the same "species-group". How-
ever, despite superficial similarity owing to

the granulate carapace and elongate cheli-

peds they belong in different genera: Toru

granuloides, new combination, differs from

R. granulata in the form of the male telson,

ogival rather than rounded as in R. granu-

lata; and in the form of the first male ple-

opod, bent distad in R. granulata.
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B D E G H
Fig. 5. A, B, Toru pilus (Tan, 1996), 6 cl 1 L5 mm. New Caledonia, BATHUS 4, Stn CP 946, (MNHN):

A, first pleopod; B, apex of first pleopod. C, D, Tom septimus, new species, holotype. S cl 13.1 mm. Loyalty

Is., Stn DW 421 (MNHN): C, first pleopod; D, apex of first pleopod. E, F, Toru trituberculatus (Sakai, 1961),

S cl 8.6 mm, Indonesia, Tanimbar I., KARUBAR, Stn CP 67 (MNHN): E, first pleopod; F, apex of first pleopod.

G, H, Urashima pustidoides (Sakai, 1961): paratype, 6 cl 34.3 mm, Japan, Shikoku I., Mimase, Tosa Bay (NHM
1961.6.5.46-48): G, first pleopod; H, apex of first pleopod. Scales = 1 mm.

Toru mesjatzevi (Zarenkov, 1990),

new combination

Randallia mesjatzevi Zarenkov, 1990:67,

pi. 7.

Redescription.—Dorsal surface of cara-

pace granulate, granules conical anteriorly.

Frontal lobes rounded, minutely and closely

granulate. Subhepatic margins of carapace

very slightly swollen. Lateral margin uni-

formly rounded. Posterior margin bearing 2

lamellate, granulate, triangular tubercles lat-

erally. Intestinal region somewhat swollen,

demarcated by shallow grooves. Third max-
illiped granulose, endopod medially with

vertical ridge of conical granules.

Cheliped and pereiopods closely granu-

late throughout. Cheliped merus in adult

male as long as carapace; fingers as long as

upper margin of palm. Anterior margin of

pereiopodal meri, carpi and propodi prom-

inently spinose. Pereiopodal dactyls anteri-

orly tomentose.

Thoracic sternites and abdomen minutely

granulate. Preapical denticle on fused ab-

dominal segment in male triangular.

Shaft of first male pleopod slightly sin-

uous, with sickle-shaped apical process.

Distribution.—Off Kenya; 130—150 m.

Remarks.—Zarenkov's (1990, pi. 7, fig.

13) illustration of the first male pleopod of

Toru mesjatzevi, with its sickle-shaped api-

cal process, clearly places the species with-

in the genus Toru. The species is larger than

its cogeners (CL 36.0, 33.0 mm), and is no-

table for its prominently spinose pereio-

pods. The specimens were not available to

me at the time of writing.

Toru pilus (Tan, 1996), new combination

Figs. 2B, 5A, B

Randallia pila Tan, 1996:1051, fig 71-n, 8a,

c-f, 4G, H.

Type Material.—Holotype: Philippines.

R/V Albatross Stn 5454, 13°12'N,

123°50.30'E, 300 m, 7 Jun 1909: S 13.0

mm (USNM). Paratype: Luzon, San Ber-

nardino Straits, R/V Albatross Stn 5453,

13°12'N, 123°48.18'E, 271 m, 7 Jun 1909,

9 ovig. 10.0 mm (USNM).
Material examined.—Fiji. MUSOR-

STOM 10, Stn CP 1325, 17°16.4'S,

177°49.8'E, 282-322 m, 7 Aug 1998, 12 S
9.5-11.4 mm, $ 10.4 mm, 6 $ ovig. 9.1-

11.0 mm (MNHN). Stn CP 1327,
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17°13.3'S, 177°51.6'E, 370-389 m, 7 Aug
1998, 6 6 7.5-10.4 mm, 9 9.0 mm, 4 $

ovig. 9.5-10.6 mm, 1 juv. (MNHN). Stn CP
1348, 17°30.3'S, 178°39.6'E, 353-390 m,

11 Aug 1998, 6 10.5 mm, 9 ovig. 10.9 mm
(MNHN). Stn CP 1349, 17°31.rS,

178°38.8'E, 244-252 m, 11 Aug 1998, $

10.0 mm (MNHN). Stn CP 1390,

18°18.6'S, 178°05.rE, 234-361 m, 19 Aug
1998, 9 11.9 mm (MNHN). BORDAU 1,

Stn CP 1406, 16°39'S, 179°37'E, 360-380

m, 25 Feb 1999, 2 6 10.8, 10.0 mm
(MNHN). Stn CP 1448, 16°45'S, 179°59'E,

410-500 m, 4 Mar 1999, 6 10.0 mm
(MNHN).

Vanuatu. MUSORSTOM 8, Stn CP 964,

20°19.60'S, 169°49.00'E, 360-408 m, 21

Sep 1994, coll. B. Richer de Forges, 9

ovig. 13.0 mm, 2 juv. (MNHN). Stn CP
1047, 16°53.62'S, 168°10.49'E, 486-494

m, 30 Sep 1994, coll. B. Richer de Forges,

3 6 10.1-10.8 mm, ? 10.4 mm, 1 juv.

(MNHN). Stn CP 1088, 15°09.23'S,

167°15.13'E, 425-455 m, 6 Oct 1994, coll.

B. Richer de Forges, S 11.6 mm, $ 11.3

mm (MNHN). Stn CP 1106, 15°05.27'S,

167°11.88'E, 305-314 m, 7 Oct 1994, coll.

B. Richer de Forges, 6 9.3 mm (parasit-

ized), 2 $ ovig. 13.2, 12.7 mm, ? broken

(MNHN). Stn CP 1137, 15°41.52'S,

167°02.67'E, 360-371 m, 11 Oct 1994,

coll. B. Richer de Forges, 6 11.0 mm, 9

broken (MNHN).
New Caledonia. BATHUS 1, Stn CP 695,

20°34.59'S, 164°57.88'E, 410-430 m, 17

Mar 1993, 6 8.6 mm (MNHN). BATHUS
4, Stn CP 946, 20°33.8'S, 161°58.35'E,

386-430 m, 10 Aug 1994, 6 11.5 mm
(MNHN).

Redescription.—Dorsal surface of cara-

pace boldly granulate. Front prominently

produced, frontal lobes anteriorly rounded,

minutely granulate, pilose. Postorbital re-

gion depressed, concave. Rounded ridge

extending from outer orbital margin across

hepatic region. Subhepatic margin of cara-

pace mammiform, separated by shallow arc

from trituberculate anterolateral margin. In-

testinal region swollen, demarcated by in-

distinct grooves, bearing conical tubercle

posterioly. Posterior margin bearing later-

ally 2 lamellar denticles (Fig. 2B). Third

maxillipeds bearing conicalal granules an-

teriorly. Thoracic sternites granulate.

Cheliped and pereiopods closely granu-

late throughout. Cheliped merus in adult

male 0.85 as long as carapace; fingers near-

ly as long as upper margin of palm.

Male abdomen minutely granulate,

preapical denticle narrowly triangular. Shaft

of first male pleopod nearly straight, apical

process incurved, looped (Figs. 5A, B).

Distribution.—Western Pacific: Fiji, Va-

nuatu, New Caledonia, Philippines; 234-

500 m.

Remarks.—Toru pilus differs from the

other species described herein of Toru, in

having a prominently produced front, pro-

nounced postorbital concavity, ridged he-

patic region, and distally looped first male

pleopod.

The male holotype of T. pilus is badly

broken; the detached chelipeds (Tan 1996,

fig. 4H, 8b) do not belong with the cara-

pace; the distal segment of the first male

pleopod is looped, not as depicted by Tan

(1996, fig. 8a, f). The female paratype is

entire.

Toru Septimus, new species

Figs. 2C, 5C, D

Type Material.—Holotype: Loyalty Is.,

Stn DW 421, 20°26.27'S, 166°40.17'E, 245

m, 16 Feb 1989, 1 c? 13.1 mm (MNHN
B.28513). Paratypes: Idem, 1 S 12.2, mm,
2 9 13.4, 13.3 mm (MNHN B.28514).

Material examined.—Fiji. MUSOR-
STOM 10, Stn CP 1386, 18°18.5'S,

178°05.rE, 230-344 m, 19 Aug 1998, 1

juv. (MNHN).
Vanuatu. MUSORSTOM 8, Stn CP 963,

20°20.10'S, 169°49.08'E, 400-440 m, 21

Sep 1994, coll. B. Richer de Forges, 4 c^

10.1-14.8 mm, 6 9 10.5-13.9 mm, 1 juv.

(MNHN). Stn CP 986, 19°20.57'S,

169°31.48'E, 602-648 m, 23 Sep 1994,

coll. B. Richer de Forges, 9 12.8 mm
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(MNHN). Stn CP 1006, 18°50.24'S,

168°56.87'E, 574-611 m, 25 Sep 1994,

coll. B. Richer de Forges, 1 juv. (MNHN).
Stn CP 1017, 17°52.80'S, 168°26.20'E,

294-295 m, 27 Sep 1994, coll. B. Richer

de Forges, S 12.3 mm, 9 12.1 mm
(MNHN). Stn CP 1018, 17°52.88'S,

168°25.08'E, 300-301 m, 27 Sep 1994,

coll. B. Richer de Forges, S 11.7 mm, $

broken (MNHN). Stn CP 1092, 15°10.80'S,

167°12.33'E, 314-321 m, 6 Oct 1994, coll.

B. Richer de Forges, 3 juvs. (MNHN). Stn

CP 1094, 15°08.02'S, 167°11.99'E, 312-

314 m, 6 Oct 1994, coll. B. Richer de Forg-

es, 1 juv. (MNHN).
Loyalty Is. MUSORSTOM 6, Stn DW

417, 20°41.80'S, 167°03.65'E, 283 m, 16

Feb 1989, 6 12.7 mm (MNHN). Stn DW
423, 20°25.85'S, 166°40.50'E, 280 m, 16

Feb 1989, 1 juv. (MNHN). Stn DW 440,

20°48.80'S, 167°17.25'E, 288 m, 19 Feb

1989, $ 12.6 mm (MNHN). Stn DW 451,

20°59'S, 167°24.50'E, 330 m, 20 Feb 1989,

9 7.3 mm (MNHN). Stn DW 457,

2r00.42'S, 167°28.7rE, 353 m, 20 Feb

1989, 2 juvs. (MNHN). Stn DW 479,

21°09.13'S, 167°54.95'E, 310 m, 22 Feb

1989, S 13.0 mm, 1 juv. (MNHN). Stn DW
481, 21°21.85'S, 167°50.30'E, 300 m, 23

Feb 1989, 9 12.0 mm (MNHN). BATHUS
1, Stn CP 707, 2r42.72'S, 166°35.75'E,

347-375 m, 19 Mar 1993, 2 S 9.9, 12.6

mm, 1 juv. (MNHN). BATHUS 2, Stn CP
742, 22°33.45'S, 166°25.86'E, 340-470 m,

14 May 1993, 9 ovig. 13.6 mm (MNHN).
New Caledonia. Lagoon, 22°33.4rS,

166°25.74'E, 300 m, 12 Sep 1994, 9 9.5 m
(MNHN). BIOCAL, Stn CP 105, 21°31'S,

166°22'E, 330-335 m, 8 Sep 1985, 2 6 9.0,

12.5 mm, 9 9.0 (MNHN B 184 12). Stn CP
108, 22°03'S, 167°06'E, 335 m, 9 Sep

1985, S 10.5 mm, 9 ovig. 13.5 mm
(MNHN B 19177).

Chesterfield Is., MUSORSTOM 5, Stn

258, 25°32.8'S, 159°46.10'E, 300 m, 8 Oct

1986, 6 12.5 mm (MNHN B21212). Stn

261, 25°26.58'S, 159°45.88'E, 300 m, 8 Oct

1986, S 13.7 mm (MNHN B18372). Stn

268, 24°44,70'S, 159°39.20'E, 280 m, 9 Oct

1986, S 13.9 mm (MNHN B21211). Stn

268, 24°44,70'S, 159°39.20'E, 280 m, 9 Oct

1986, 3 6 9.1-13.0 mm (MNHN B18378).

Stn 275, 24°46.60'S, 159°40.30'E, 285 m 9

Oct 1986, S 10.8 mm, 2 9 13.1, 14.1 mm,
1 juv. (MNHN B 18376). Stn 276,

24°48.90'S, 159°40.90'E, 269-258 m, 9 Oct

1986, 4 S 10.7-13.1 mm, 9 7.8 mm, 9

ovig. 11.8 mm (MNHN B18493). Stn 277,

24°10.60'S, 159°34.90'E, 270 m, 10 Oct

1986, 2 S 10.4, 13.5 mm, 2 juv. (MNHN
B 18368). Stn 280, 24°09.99'S, 159°35.75'E,

270 m, 10 Oct 1986, 4 S 10.3-10.5 mm, 2

9 10.3, 10.0 mm, 3 juvs. (MNHN B18377).

Stn 281, 24°10.54'S, 159°34.32'E, 272 m,

10.10.1986, 9 ovig. 11.1 mm (MNHN
B18484). Stn 284, 24°09.96'S, 159°33.49'E,

10 Oct 1986, 9 ovig. 13.5 mm (MNHN B
18374). Stn 285, 24°09.35'S, 159°34.04'E,

245-255 m, 10 Oct 1986, S 11.8 mm
(MNHN B18495). Stn 287, 24°05.40'S,

159°36.30'E, 270 m, 10 Oct 1986, 9 ovig.

11.2 mm (MNHN B 18490). Stn 288,

24°04.80'S, 159°36.80'E, 270 m, 10 Oct

1986, S 12.6 mm, 3 juv. (MNHN B18488).

Stn 289, 24°01.50'S, 159°38.40'E, 273 m, 10

Oct 1986, 8 S 10.3-12.4 mm, 9 9 9.2-13.0

mm, 1 juv. (MNHN B 18454). Stn 291,

23°07.70'S, 159°28.40'E, 300 m, 11 Oct

1986, S 11.2 mm, 9 damaged (MNHN
B18485). Stn 307, 22°11.07'S, 159°24.07'E,

350-345 m, 12 Oct 1986, c^ 10.4 mm, 9

ovig. 13.7 mm (MNHN B18489). Stn 309,

22°10.20'S, 159°22.80'E, 340 m, 12 Oct

1986, S 10.6 mm (MNHN B18492). Stn

319, 22°24'S, 159°16.50'E, 320-325 m, 13

Oct 1986, c^ 9.7 mm (MNHN B21321).

22°40'S, 167°10'E, 200-350 m, 10 Oct

1986, 6 9.2 mm (MNHN B19163). BA-
THUS 4, Stn DW 902, 19°00.84'S,

163°14.83'E, 341-351 m, 4 Aug 1994, S
14.3 mm, 1 juv. (MNHN). Stn CP 905,

19°02.45'S, 163°15.65'E, 294-296 m, 4 Aug
1994, S 13.8 mm (MNHN).

Description.—Carapace with dorsal sur-

face evenly, minutely granulate. Frontal

lobes squat, rounded, pilose. Subhepatic

margin of carapace mammiform, separated

by shallow arc from trituberculate antero-
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lateral margin. Intestinal region swollen,

demarcated by indistinct grooves, bearing

conical tubercle posterioly. Posterior mar-

gin bearing laterally 2 lamellar, rounded

denticles. Third maxilliped pilose, bearing

conicalal granules anteriorly (Fig. 2C).

Thoracic sternites granulate.

Cheliped and pereiopods closely granu-

late throughout. Cheliped merus in adult

male nearly as long as carapace; fingers as

long as upper margin of palm.

Male abdomen minutely granulate prox-

imally, preapical denticle triangular. Shaft

of first male pleopod sinuous, apical pro-

cess bent at right angle, sigmoid (Figs. 5C,

D).

Etymology.—From Latin, septem, seven,

for the shape of the apical process of the

first male pleopod.

Remarks.—Torn septimus, new species,

differs from the closely allied T. trituber-

culatus in its finer granulation on carapace

and chelipeds, the rounded, rather than sub-

quade, frontal lobes, and in the sigmoid

shape of the apical process of the first male

pleopod.

Distribution.—Western Pacific: Fiji, New
Caledonia, Loyalty Is., Vanuatu; 200-
648 m.

Toru trituberculatus (Sakai, 1961), new
combination

Figs. 2D, 5E, F

Randallia trituberculata Sakai, 1961:134,

pi. 3, fig. 2; 1965:42, pi. 17, fig. 2; 1976:

98, pi. 29, fig. 1, text-fig. 53.—Serlene,
1968:45.—Serene & Vadon, 1981:119,

124.—Richer de Forges, 1983:634.—
Chen, 1989:215, fig. 14, pi. 3, fig. 2.—
Takeda, 2001:230.—Chen & Sun, 2002:

340, fig. 150, pi. 14.3.

Material examined.—Japan. Shikoku I.,

Tosa Bay, 19 Nov 1958, coll. T & K. Sakai,

c^ 12.7 mm, $ 11.4 mm (USNM 120707).

Tosa Bay, 3 S 11.8-13.0 mm (SMF, ex.

coll. Sakai). c^ 13.2 mm (SMF, ex. coll. Sa-

kai). Mimase, Dec 1961, S 13.5 mm (SMF,

ex. coll. Sakai). Mimase, Mar 1963, S 13.0

mm (SMF, ex. coll. Sakai).

Indonesia. Tanimbar I., KARUBAR, Stn

CP 67, 8°58'S, 132°06'E, 233-146 m, 1

Nov 1991, S 8.6 mm (MNHN). Stn CP 86,

9°26'S, 131°13'E, 225-223 m, 4 Nov 1991,

5 S 8.6-11.1 mm, 6 9 9.0-11.9 mm
(MNHN).

Philippines. MUSORSTOM 1, Stn 27,

13°59.8'N, 120°18.6'E, 192-188 m, 22 Mar
1976, 2 11.2 (MNHN B18084). Stn 30,

14°01.3'N, 120°18.7'E, 186-177 m, 22 Mar
1976, S 7.1 mm (MNHN B18086). Stn 34,

14°01.0'N, 120°15.8'E, 191-188 m, 23 Mar
1976, $ 10.6 mm (MNHN B 18083). Stn

51, 13°49.4'N, 120°04.2'E, 200-170 m, 25

Mar 1976, S damaged, $ ovig. 11.3 mm
(MNHN B18085). Stn 64, 14°00.5'N,

120°16.3'E, 194-195 m, 27 Mar 1976, 9

8.3 mm (MNHN B 18082). MUSORSTOM
3, Stn 88, 14°0rN, 120°17'E, 183-187 m,

31 May 1985, 9 ovig. 10.7 mm (MNHN
B17982). Stn CP 100, 14°00'N, 120°18'E,

189-199 m 1 Jun 1985, S 11.0 mm
(MNHN B 17983). Stn CP 108, 14°01'N,

120°18'E, 188-195 m, 2 Jun 1985, S 9.9

mm, 9 ovig. 11.1 mm (MNHN B 17984).

Stn CP 120, 12°06'N, 121°16'E, 219-220

m, 3 Jun 1985, 2 9 7.9, 8.8 mm (MNHN
B17986). Stn CP 139, 11°53'N, 122°14'E,

240-267 m, 6 Jun 1985, 10 S 10.1-11.8

mm, 6 9 7.6-11.3 mm (MNHN B 17985).

Redescription.—Carapace with dorsal

surface granulate, granules more prominent

anteriorly. Frontal lobes squat, subquadrate,

minutely granulate, pilose. Subhepatic mar-

gin of carapace prominently granulate,

mammiform; separated by shallow arc from

trituberculate anterolateral margin. Intesti-

nal region swollen, demarcated by distinct

grooves, bearing conicalal tubercle poster-

ioly. Posterior margin bearing laterally 2 la-

mellar, rounded denticles (Fig. 2D).

Third maxillipeds pilose, bearing conical

granules anteriorly. Thoracic sternites gran-

ulate.

Cheliped, pereiopods closely granulate

throughout. Cheliped merus in adult male
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0.85 as long as carapace; fingers as long as

upper margin of palm.

Male abdomen minutely granulate prox-

imally, preapical denticle triangular. Shaft

of first male pleopod sinuous, apical pro-

cess bent at right angle, tip upcurved (Figs.

5E, F).

Color.—"[T]he carapace ... is yellow-

ish-red, but the surface near the postero-lat-

eral and posterior margins is pale whitish"

(Sakai 1965:42).

Distribution.—Pacific Ocean: Japan, In-

donesia, Philippines; 35-267 m.

Remarks.—Torn trituberculatus is not

"most closely related to R. distincta Rath-

bun (1906)" as claimed by Sakai (1961:

135), it belongs in a different genus. Torn

trituberculatus differs from Tanaoa distinc-

tus in having a lingulate telson in the male,

anteriorly excavate lateral walls of the male

abdominal sulcus, prominent margins to the

female abdominal cavity, and bearing a dig-

itate apical process on the male first pleo-

pod.

Key to Species of Toru, new genus

1

.

Anterolateral margin of carapace lacking

tubercules 2

- Anterolateral margin of carapace tritu-

berculate 3

2. Lateral margin medially set with small

tubercle; pereiopods closely granulate

T. granuloides, new combination

- Lateral margin uniformly rounded; an-

terior margin of pereiopodal meri, carpi

and propodi prominently spinose . . .

T. mesjatzevi, new combination

3. Front prominently produced, postorbital

region concave; hepatic region ridged;

first male pleopod distally looped

T. pilus, new combination

- Frontal lobes squat, postorbital region

not concave; hepatic region lacking

ridge; first male pleopod distally bent at

right angle 4

4. Carapace and chelipeds finely granulate;

apical process of first male pleopod sig-

moid, tip not upcurved

T. Septimus, new species

- Carapace and chelipeds prominently

granulate; apical process of first male

pleopod not sigmoid, tip upcurved ....

T. trituberculatus, new combination

Urashima, new genus

Diagnosis.—Carapace subrhomboidal,

globose. Front narrow, bilobed. Eyes small,

retractible. Outer orbital margin trisutured,

V-shaped gap proximally on ventral margin.

Antennules obliquely folded, basal anten-

nular segment squat, operculiform, sealing

bottom half of antennular aperture. Anten-

nae small, slender, basal antennal segment

inserted in orbital hiatus. Postorbital region

concave. Hepatic, branchial regions demar-

cated by grooves, 2 pairs of pits along car-

diobranchial grooves. Intestinal region

swollen, demarcated by grooves. Posterior

margin of carapace narrow, bilobate.

Third maxilliped exopod slightly shorter

than endopod, not quite sealing efferent

branchial channel; endopod of adult female

medially with vertical line of setae; merus

of endopod subtriangular, shorter than sub-

rectangular ischium. Anterior margin of ef-

ferent branchial channel produced, bilobed,

separated by narrow groove from lower or-

bital margin.

Chelipeds subequal. Cheliped merus sub-

cylindrical; fingers laterally compressed, as

long as upper margin of palm, inner mar-

gins denticulate. Pereiopods slender, prom-

inently granulate, short; all but last dactyl

as long as propodi; upper surface setose,

tips corneous.

Fourth thoracic sternite swollen laterally.

Abdominal sulcus of male deep, elongate,

nearly reaching buccal cavity, anterior mar-

gin raised. Abdominal segments 3-6 of

male fused, basio-lateral regions inflated,

fused segment narrowing distally, bearing

denticle at distal margin; lateral margin car-

inate, carina fitting into groove at suture be-

tween sternites 4 and 5. Telson slender,

nearly half as long as fused segment, not

reaching tip of abdominal sulcus. Abdomi-
nal segments 4-6 of female fused, shield-

like; margin of abdominal cavity promi-
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nent, rampart-like. Telson ogival, basal

margin sinuous.

Male first pleopod elongate, stocky, dis-

tally flattened; second pleopod short, re-

curved, distally attenuate.

Type species.—Randallia pustuloides Sa-

kai, 1961.

Species.—Urashima lamellidentatus

(Wood-Mason, 1892), Urashima pustulo-

ides (Sakai, 1961).

Etymology.—Urashima, according to

Japanese legend, was a handsome fisher-

man who married a mermaid and dwelt

with her undersea. The name Urashima is

to be considered as an arbitrary combina-

tion of letters, and heretofore takes the gen-

der masculine.

Remarks.—Urashima, new genus, differs

from the other genera discussed herein in

the laterally compressed cheliped fingers,

the granulate pereiopodal carpi and propo-

di, and the oar-shaped first male pleopod.

Urashima lamellidentatus (Wood-Mason,

1892), new combination

Fig. 2E

Randallia lamellidentata Wood-Mason,
1892: pi. 5, figs 5, 5a, 5b.—Alcock,
1894:404; 1896:195; 1899:26.—Kemp &
Sewefl, 1912:29.—Ihle, 1918:312.—Se-

rene, 1954:491; 1968:45.—Yaldwyn &
Dawson, 1976:96.—Richer de Forges,

1983:634.

Type Material.—Holotype: Andaman Is.

11°3.40'N, 92°46.40'E, S juv. cl 11.9 mm
(NHM 1896.9.8.7 ex. Indian Museum).

Redescription.—Dorsal surface of cara-

pace unevenly tuberculate, tubercles more

pronounced laterally, posteriorly. Frontal

lobes squat, rounded, minutely granulate.

Anterior margin of efferent branchial chan-

nel deeply sutured (Fig. 2E). Third maxil-

liped unevenly granulate, endopod merus

with median rise proximally.

Subhepatic margin of carapace with la-

mellate crest, followed by pearliform gran-

ule. Branchial margin of carapace with 2

lamellate crests separated by granulate den-

ticle. Posterolateral margin set with pearli-

form granules. Posterior margin laterally

with lamellate rounded denticles. Intestinal

region inflated, bearing posteriorly small,

upcurved conical tubercle.

Cheliped stout, prominently granulate;

merus two-thirds as long as carapace, gran-

ules larger, pearliform distally. Upper mar-

gin of palm prominently crested, fingers lat-

erally compressed; upper, lower margins

carinate. Pereiopodal carpi and propodi

bearing rows of conical granules on upper

margin, as well as merus of last pereiopods.

Thoracic stemites granulate. Fused ab-

dominal segments in male lacking horizon-

tal ridge, distal tubercle spur-like, promi-

nent. Margins of abdominal sulcus in fe-

male lamellate, prominent. First male ple-

opod stout, sinuous, distally flattened,

oar-like.

Color.—"[WJhite, with a pinkish blush"

(Alcock 1894:404).

Distribution.-—Indian Ocean: Andamans,

Maldives; 340-640 m.

Remarks. ^-Urashima lamellidentatus

differs from U. pustuloides in bearing la-

mellate crests on the anterolateral margins

of the carapace, and lamellate rounded den-

ticles laterally on the posterior margin of

the carapace.

Urashima pustuloides (Sakai, 1961), new
combination

Figs. 2F, 5G, H

Randallia pustuloides Sakai, 1961:135, pi.

3, fig. 4; 1976:99, 100, pi. 30, fig. 1, text-

fig. 54.—Yaldwyn & Dawson, 1976:

96.—Richer de Forges, 1983:634

(tab.).—Chen, 1989:219, fig. 16.—Tan,
1996:1054.—Takeda, 1997:238.—Ikeda.

1998:83, pi. 20, figs la, b, 2, 3a-b.—Ng
et al., 2001:10.

Type Material.—Paratypes: Japan. Shi-

koku I., Mimase, Tosa Bay, coll. K. Sakai,

S 34.3 mm, 2 ovig. 9 38.0, 38.9 mm
(NHM 1961.6.5.46-48).

Material examined.—Japan. Shikoku L,

Mimase, Tosa Bay, coll. K. Sakai, 9 37.6
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mm (SMF). S 35.3 mm (SMF). 6 35.6

mm, 9 38.4 mm (SMF). 6 36.7 mm
(SMF). 6 37.2 mm, 9 37.6 mm (SMF
7700). Dec 1961:2 S 26.7, 36.3 mm
(SMF). 250 m, Apr 1968, S 31A mm, ovig.

9 38.6 mm (SMF 15103). Off Ashizuri,

366 m, 24 Nov 1958, 2 9 36.7, 37.7 mm,
9 broken (SMF).

Taiwan. I-Lan county, 1998, coll. T.Y.

Chan, S 32.8 mm (MNHN B26326). Tong-

kuang, 25 Feb 1995, 300 m, coll. T.Y. Chan,

2 6 33.3, 33.6 mm, 2 9 26.0, 25.9 mm
(NTOU). Tashi, 5 Mar 1997, 200 m, coll.

T.Y. Chan, 9 18.3 mm (NTOU).
Philippines. Btw Negros, Siquijor, RA^

Albatross Stn 5538, 9°08.15'N, 123°23.20'E,

468 m, 19 Aug 1909, id. C.G.S. Tan, 9 38.3

mm (USNM). MUSORSTOM 2, Stn CP 20,

14°00'N, 120°18'E, 185-192 m, 6 25.9 mm
(MNHN B 18081).

Indonesia. KARUBAR, Tanimbar I., Stn

CP69, 356-368 m, 8°42'S, 131°53'E, 2 Nov
1991, 2 6 37.4, 38.2 mm, 3 9 25.0-31.6

mm (MNHN). Stn CP 77, 352-346 m,

8°57'S, 13r27'E, 3 Nov 1991, 3 S 25.3-

27.2 mm, 9 38.9 mm (MNHN).
Australia. 18°05'S, 118°08'E, 440-442

m, 22 Aug 1983, 9 37.9 mm (WAM
C14731). 14°5rS, 12r35'E, 300 m, 3 Aug
1989, S 37.0 mm (WAM 577-92).

Redescription.—Dorsal surface of cara-

pace unevenly tuberculate, larger, pustule-

like tubercles on branchial region. Frontal

lobes squat, rounded, minutely granulate.

Anterior margin of efferent branchial chan-

nel deeply sutured (Fig. 2F). Third maxil-

liped unevenly granulate, merus with me-
dian ridge proximally.

Subhepatic margin of carapace inflated,

median tubercle followed by 1 or 2 smaller,

pearliform granules. Lateral margin of car-

apace medially with 3 flattened, triangular,

upcurved denticles, decreasing in size pos-

teriorly. Posterolateral margin set with pear-

liform tubercles. Posterior margin with lat-

eral triangular denticles, closely set with

pearliform tubercles. Intestinal region in-

flated, bearing posteriorly small, upcurved

conical tubercle.

Cheliped prominently granulate; granules

larger, pearliform distally; merus three-

quarters as long as carapace. Fingers later-

ally compressed; upper, lower margins car-

inate. Pereiopodal meri distally granulate

on upper margin, fifth merus bearing coni-

cal granules on posterior surface.

Thoracic sternites with low granulation.

Fused abdominal segment in male lacking

horizontal ridge, distal tubercle spur-like,

prominent. Margins of abdominal sulcus in

female lamellate, prominent. First male ple-

opod stout, sinuous, distally oar-shaped

(Figs. 5G, H).

Distribution.—Pacific Ocean: Japan, Tai-

wan, Philippines, Indonesia, Australia; 85-

468 m.

Remarks.—Sakai (1961), and Chen
(1989) considered Urashima pustuloides re-

lated to Tanaoa pustulosus. However, U.

pustuloides in addition to the characters cit-

ed by Chen (1989), and Takeda (1997), is

easily distinguished from T. pustulosus in

having laterally compressed, rather than

rounded, cheliped fingers; granulate, rather

than smooth pereiopodal carpi and propodi;

and oar-shaped, rather than bearing preapi-

cal process on the first male pleopod.

Key to Species of Urashima, new genus

1. Anterolateral margins of carapace bear-

ing lamellate crests; posterior margin of

carapace with lamellate denticles; upper

margin of cheliped palm prominently

crested

U. lamellidentata, new combination

- Anterolateral margins of carapace lack-

ing lamellate crests; posterior margin of

carapace with triangular denticles; che-

liped palm subcylindrical

U. pustuloides, new combination
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Abstract.—Data and pertinent information on the type specimens of eighty-

four species of Crustacea Decapoda held in the Museu de Zoologia da Univ-

ersidade de Sao Paulo, Brazil, are provided. The taxa are arranged in alphabetic

order. Included are references where all taxa were described, collection data,

and changes in nomenclature.

Resumo.—Sao apresentados dados e informagoes referentes aos especimes-

tipo de oitenta e quatro especies de Crustacea Decapoda, depositados na co-

legao carcinologica do Museu de Zoologia da Universidade de Sao Paulo, Bra-

sil. O tratamento das especies e feito em ordem alfabetica dentro das familias,

e uma lista de referencias inclui todos os trabalhos nos quais as especies foram

descritas.

Brief History of Museu de Zoologia da

Universidade de Sao Paulo

The origin of Museu de Zoologia da

Universidade de Sao Paulo can be traced

back to 1886, the year of foundation of the

Comissao Geografica e Geologica (Geo-

graphical and Geological Commission,

CGG) of the Province of Sao Paulo. The
aim of the Commission was to improve sci-

entific knowledge of the province.

In the last decade of the XIX century,

Francisco de Paula Mairynk acquired pri-

vate collections belonging to Colonel Joa-

quim Sertorio and offered them to the pro-

vincial government in order to create a

State Museum. After several years, these

collections were incorporated into collec-

tions already held by the Comissao Geo-

grafica e Geologica. This acquisition cre-

ated the nucleus of a museum of natural

history.

By the end of 1893, the State Museum
received the name Museu Paulista. In 1895,

as a commemoration of Brazilian indepen-

dence, the present building of the Museu
Paulista was inaugurated. This building is

located near the streamlet where Emperor

Dom Pedro I proclaimed independence for

Brazil.

The Section of Zoology of the Museu
Paulista was established in 1925. In 1939

the Section was transferred to the Depart-

ment of Zoology of the Secretariat of Ag-

riculture, Industry, and Commerce of the

state of Sao Paulo. A new building was then

constructed in order to accommodate the

collections.

In 1969, The University of Sao Paulo in-

corporated the Department of Zoology into

its bureaucratic structure. At that time the

Department received its present name of

Museu de Zoologia (MZUSP).

The Crustacea Collection

The carcinological collection of the

MZUSP was established on 19 March

1962, with 76 dried specimens found in the

basement of the museum. Through 1966,
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the collection was augmented by collections

from rivers, mangrove swamps, and beach-

es. The acquisition in 1967 of the Ocean-

ographic Vessel Prof. W. Besnard by the

Oceanographic Institute of the University of

Sao Paulo (lOUSP) then enabled significant

quantitative and qualitative improvements

in the collection. The partnership between

MZUSP and lOUSP in projects Ilha Grande

(1966-1969) and GEDIP (Grupo Executivo

do Desenvolvimento da Industria da Pesca)

I (1968-1969) and II (1972), in addition to

other, less extensive surveys, was crucial in

bringing the collection to its present state.

The collection was originally intended to

lodge only species of the order Decapoda,

because of space limitations. Nevertheless,

other excellent collections were eventually

added, for instance that of Cirripedia, do-

nated by Dr. Paulo S. Young of the Museu
Nacional do Rio de Janeiro, and a collec-

tion of Isopoda assembled by the late Dr.

Plinio Soares Moreira of lOUSP. Presently,

the collection includes approximately

15,000 lots, and about 230,000 specimens

of Decapoda, which are chronologically

registered and sequentially numbered.
There are about 6000 uncatalogued lots.

This collection is considered one of the best

in Latin America.

Organization of Catalogue

The catalogue presented herein includes

all type specimens of Decapoda presently

held in the MZUSP collection. Data and in-

formation on 84 species of Crustacea De-

capoda are presented, including Brachyura

(46), Anomura (17), Caridea (10), and

Thalassinidea (11). All specimens are pre-

served in 70% ethanol.

The highest hierarchical levels (super-

families and families) are ordered according

to Martin & Davis (2001). The genera and

species are arranged alphabetically within

each family.

Species are listed by the scientific name
under which each was originally described.

Information regarding any subsequent name

changes is provided in the Remarks with a

reference to the source of the change. In-

consistencies between the original descrip-

tion and the type specimen, register number,

label or any additional comment are also

noted. Instances of type specimens which

have been donated to or lodged in other

museums are also noted in the Remarks.

Only types as recognized by the Inter-

national Code of Zoological Nomenclature

(1999), hereafter referred to as the ICZN,
are included in this list.

The collection includes some specimens

considered "possible-types". This material,

being potentially useful for future research

on the group, is included in this paper, and

pertinent details explained in the Remarks.

Other abbreviations used: coll (collec-

tor); DOUFPE (Departamento de Oceano-

grafia da Universidade Federal de Pernam-

buco); EPA (Expedigao Permanente do

Amazonas); INPA (Instituto Nacional de

Pesquisas da Amazonia); ITA (Instituto das

Tecnologias Ambientais); juv (juvenile or

juveniles); ovig. (ovigerous); Proj (Project);

RD (Project Rio Doce); sta (station); TAAF
MD 55 (Terres Australes et Antarctiques

Fran^aises); UFRGS (Universidade Federal

do Rio Grande do Sul).

Suborder Pleocyemata Burkenroad, 1963

Infraorder Caridea Dana, 1852

Superfamily Palaemonoidea Rafinesque,

1815

Family Palaemonidae Rafinesque, 1815

Macrobrachium birai, Lobao, Melo, &
Femandes, 1986:50

Holotype.— S, Rio Branco, tributary of

Rio Itapitangui, Cananeia, State of Sao Pau-

lo, 24°54'44"S, 47°58'30"W, coll. V. L. Lo-

bao and W. M. Fernandes, Dec 1984,

MZUSP 8027.

Paratypes.—All same data as holotype:

1 (5, MZUSP 8028; 1 c^, MZUSP 8029; 1

(?, MZUSP 8030; 1 c?, MZUSP 8031; 1 c?,

MZUSP 8032; 1 ?, MZUSP 8033.

Remarks.—This species was redescribed

in a later paper by Melo et al. (1988:89).
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Macrobrachium holthuisi Genofre &
Lobao, 1978:273, fig. 1

Holotype.— S, Rio Guaeca, Sao Sebas-

tiao, State of Sao Paulo, coll. V. Lobao, 21

Sep 1978, MZUSP 5283.

Paratypes.—4 2 , same data as holotype,

MZUSP 4830.

Macrobrachium inpa Kensley & Walker,

1982:6, figs. 7-9, 12c

Paratype.— 1 S , Igarape in the forest re-

serve of INPA, Campina, km 60 BR- 174,

State of Amazonas, 21 Jan 1981, MZUSP
7014.

Macrobrachium petronioi Melo, Lobao, &
Fernandes, 1986:51

Holotype.— S, Rio Branco, tributary of

Rio Itapitangui, Cananeia, State of Sao Pau-

lo, 24°54'44"S, 47°58'30"W, coll. V. L. Lo-

bao and W. M. Fernandes, Dec 1984,

MZUSP 8034.

Paratypes.—All same data as holotype:

1 6, MZUSP 8035; 1 (5, MZUSP 8036; 1

?, MZUSP 8037; 1 $, MZUSP 8038.

Remarks.—This species was redescribed

in a later paper by Melo et al. (1988:92).

Pseudopalaemon gouldingi Kensley &
Walker, 1982:18, figs. 20, 21

Paratypes.— 118 juv, near the mouth of

Rio Urubaxi, State of Amazonas, coll. M.
Golding, 11 Feb 1980, MZUSP 7013.

Superfamily Alpheoidea Rafinesque, 1815

Family Alpheidae Rafinesque, 1815

Alpheus chacei Carvacho, 1979:455,

figs. 4-6

Holotype.— $ ovig, Balneario Atalaia,

State of Sergipe, coll. M. A. Santos, 12 Jul

1972, MZUSP 4545.

Alpheus estuariensis Christoffersen,

1984:191, figs. 1, 2

Holotype.— 6, Estuary of Rio Potengi,

Natal, State of Rio Grande do Norte, in

nursery of shrimps, mud, coll. S. L. S.

Bueno, 26 Jan 1979, MZUSP 4544.

Alpheus pouang Christoffersen, 1979:324

Holotype.— S, Proj Sol, sta 1019,

23°39'S, 43°37'W, 27 May 1970, MZUSP
4543.

Lepthalpheus axianassae Dworschak &
Coelho, 1999:477, figs. 1-30

Paratypes.— 1 $, 1 d, Praia do Ara9a,

Sao Sebastiao, State of Sao Paulo, coll. V.

R. Coelho and S. de A. Rodrigues, 9 Aug
1998, MZUSP 13010.

Superfamily Processoidea Ortmann, 1890

Family Processidae Ortmann, 1890

Processa brasiliensis Christoffersen,

1979:364

Paratypes.—2 S, RA^ Calypso, sta 77,

18°00'S, 38°18'W, 48 m, 28 Nov 1961,

MZUSP 4554.

Infraorder Thalassinidea Latreille, 1831

Superfamily Callianassoidea Dana, 1852

Family Callianassidae Dana, 1852

Bijfarius delicatulus Rodrigues &
Manning, 1992a:324, figs, la-w

Holotype.— 6, Praia do Araga, Sao Se-

bastiao, State of Sao Paulo, near mangrove,

coll. S. de A. Rodrigues, 18 May 1985,

MZUSP 10582.

Callianassa guara Rodrigues, 1971:210,

figs. 61-76

Holotype.— S, Guaruja, State of Sao

Paulo, coll. T. K. S. Bjornberg, Oct 1961,

MZUSP 2729.

Remarks.—Transferred to Sergio Man-
ning & Lemaitre, 1994 by Manning & Le-

maitre (1994:39).

Callianassa guassutinga Rodrigues,

1971:204, figs. 41-60

Holoty^pe.— 6. Praia do Araga, Sao Se-

bastiao, State of Sao Paulo, coll. S. de A.

Rodrigues, Sep 1965, MZUSP 2728.
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Remarks.—Transferred to Sergio Man-
ning & Lemaitre, 1994 by Manning & Le-

maitre (1994:39).

Callianassa mirim Rodrigues, 1971:214,

figs. 77-98

Holotype.— S, Baia de Santos, State of

Sao Paulo, coll. S. de A. Rodrigues, Mar
1966, MZUSP 2730.

Remarks.—Transferred to Sergio Man-
ning & Lemaitre, 1994, by Manning & Le-

maitre (1994:39).

Eucalliax cearensis Rodrigues &
Manning, 1992a:327, figs. 2a-v

Holotype.—S , Barra do Rio Ceara, For-

taleza. State of Ceara, coll. S. de A. Rodri-

gues, 21 Feb 1984, MZUSP 10583.

Lepidophthalmus sinuensis Lemaitre &
Rodrigues, 1991:625, figs. 1-4

Paratypes.—5 9, Fazenda Agrosoledad,

Cordoba, Colombia, nursery of Penaeidae,

coll. S. de A. Rodrigues & R. Lemaitre, 20

Jul 1990, MZUSP 10751.

Lepidophthalmus siriboia

Felder & Rodrigues, 1993:367,

figs. 2e-h, 4a-f, 5a-g, 6a-l

Holotype.—S , Rio Anil, Sao Luiz, State

of Maranhao, coll. D. Felder and S. de A.

Rodrigues, 18 Feb 1984, MZUSP 11083.

Paratypes.—8 ? , same data as holotype,

MZUSP 11084.

Poti gaucho Rodrigues & Manning,

1992b: 10, figs, la-v

Holotype.— $, State of Rio Grande do

Sul, 33°43'S, 5ri3'W, coll. S. de A. Rodri-

gues, MZUSP 10581.

Family Laomediidae Borradaile, 1903

Axianassa australis Rodrigues & Shimizu,

1992:317, figs. 1-20

Holotype.— 6 , Fazenda Maricultura, Val-

enga. State of Bahia, near mangrove

swamp, coll. S. L. S. Bueno, Mar 1983,

MZUSP 10584.

Superfamily Axioidea Huxley, 1879

Family Axiidae Huxley, 1879

Eutrichocheles pindatyba Rodrigues &
Kensley, 1991:556, figs. 1-16

Holotype.—S , Santa Cruz, State of Es-

pirito Santo, 19°57'S, 40°08'W, coll. M. L.

Christoffersen, Mar 1979, MZUSP 10580.

Remarks.—Transferred to Paraxiopsis

De Man, 1905 by Kensley (1996:709).

Family Micheleidae Sakai, 1992

Meticonaxius capricorni Coelho, 1987:64,

figs, la-d, 2a, b, 3

Holotype.— 9, R/V Aim. Saldanha, Proj

Sul II, sta 10, 23°52'S, 43°11'W, 27 Mar
1972, MZUSP 7113.

Paratype.— 1 S, R/V Aim. Saldanha,

Cabo Sao Tome, State of Rio de Janeiro,

sta 9, 11 Feb 1969, MZUSP 7114.

Infraorder Anomura MacLeay, 1838

Superfamily Galatheoidea Samouelle,

1819

Family Aeglidae Dana, 1852

Aegla franca Schmitt, 1942:476, fig. 51,

pi. 26d

Paratypes.—3 6, Franca, State of Sao

Paulo, coll. E. Garbe, Oct 1910, MZUSP
622.

Aegla inermis Bond-Buckup & Buckup,

1994:221, figs. 35a-e, 76a

Paratype.— 1 9 , Arroio Kilometre, trib-

utary of Arroio Cara, Osdrio-Borussia,

State of Rio Grande do Sul, coll. A. Rossi,

23 Jan 1979, MZUSP 11278 (Formerly

UFRGS 345P).

Aegla itacolomiensis Bond-Buckup &
Buckup, 1994:212, figs. 31a-e, 75d

Paratype.— 1 9, Arroio Demetrio, Fa-

zenda Fialho, Taquara, State of Rio Grande

do Sul, coll. G. Bond-Buckup, Mar 1989,

MZUSP 11280 (Formerly UFRGS 881P).
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Aegla jarai Bond-Buckup & Buckup,

1994:229, figs. 40a-e, 72c

Paratypes.— 2 S, Arroio Bandeirinha,

Lages, State of Santa Catarina, coll. A. Ros-

si, 22 Apr 1978, MZUSP 11279 (Formerly

UFRGS 249P).

Aegla ligulata Bond-Buckup & Buckup,

1994:216, figs. 33a-e, 74a

Paratype.— 1 $ , Arroio Carvalho, Terra

de Areia, State of Rio Grande do Sul, coll.

L. Buckup, 9 Nov 1977, MZUSP 11273

(Formerly UFRGS 252P).

Aegla microphthalma Bond-Buckup &
Buckup, 1994:262, figs. 61a-e, 70c

Holotype.— $, Caverna Santana, Iporan-

ga. State of Sao Paulo, coll. E. Trajano,

MZUSP 7405.

Paratypes.— 1 9- , same data as holotype,

MZUSP 7408; 2 S,2 9, same data as ho-

lotype, MZUSP 11274.

Aegla perobae Hebling & Rodrigues,

1977:290, figs, la-e

Holotype.— S, Caverna Peroba, Sao Pe-

dro, State of Sao Paulo, 18 Jan 1973,

MZUSP 4005.

Paratypes.— 12 (5^, 4 $, same data as ho-

lotype, MZUSP 4006.

Aegla rosanae Campos Jr., 1998:137,

figs. 1-4

Holotype.— 6 , head-water of corrego

Benfica, Bacia do Rio Paraiba, Piquete,

State of Sao Paulo, coll. R.S. Lima, O. Tak-

eshi and O. Campos Jr., 26 Jun 1992,

MZUSP 11162.

Remarks.—Considered a junior synonym
of Aegla paulensis Schmitt, 1942:490 by

Bond-Buckup & Buckup (2000:385).

Aegla rossiana Bond-Buckup & Buckup,

1994:208, figs. 29a-e, 73a

Paratypes.— 1 9, 2 c^, Rio Jordao, Cri-

ciuma, State of Santa Catarina, coll. L.

Buckup, 17 Sep 1977, MZUSP 1 1274 (For-

merly UFRGS 230P).

Aegla spinosa Bond-Buckup & Buckup,

1994:224, figs. 37a-e, 72d

Paratypes.— \ 6, \ 9, Rio Sao Joao,

Campos Novos, km 310, State of Santa Ca-

tarina, coll. A. Rossi, 22 Apr 1978, MZUSP
11276 (Formerly UFRGS 246P).

Aegla violacea Bond-Buckup & Buckup,

1994:210, figs. 30a-e, 76b

Paratypes.— 1 6, \ 9, Arroio do Cerro

Negro, Guaiba, Mariana Pimentel, State of

Rio Grande do Sul, coll. L. Buckup, D.

Schossler and N. Fontana, 10 May 1988,

MZUSP 11281 (Formerly UFRGS 1123P).

Family Galatheidae Samouelle, 1819

Munida atlantica Melo Filho & Melo,

1994:50, figs. 1-7

Holotype.— 9, Aracati, State of Ceara,

RA^ Canopus, sta 45, 04°14'S, 37°22'W, 58

m, Aug 1965, MZUSP 11387.

Munida brasiliae Coelho, 1973f:344

Paratypes.—5 c?, 3 9, R/V A/m. Saldan-

ha, sta 1708, 02°44'S, 39°01'W, 66 m, 22

Oct 1967, MZUSP 6611.

Remarks.—Considered a synonym of

Munida angulata Benedict, 1902 by Melo-

Filho & Melo (2001:1143).

Munida heblingi Melo-Filho & Melo,

1994:53, figs. 8-14

Holotype.—6 , RA^ Aim. Saldanha, Proj

Leste I, sta 1953A, State of Espirito Santo,

MZUSP 11388.

Munida petronioi Melo Filho & Melo,

1994:55, figs. 15-21

Holotype.— c^, R/V Aim. Saldanha, Proj

Norte-Nordeste I, sta 1684B, 03°59'S,

35°53'W, 75 m, 18 Oct 1967, MZUSP
11389.
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Munida victoria Melo-Filho, 1996:272,

figs. 1-7

Holotype.—S , R/V Marion Dufresne, Proj

TAAF-55 BR, sta 55, 19°40'S, 38°43'W, 900

m, 30 May 1987, MZUSP 12256.

Family Porcellanidae Haworth, 1825

Porcellana paivacarvalhoi Rodrigues da

Costa, 1968c:405r

Paratype.— 1 S, Bairro Sao Francisco,

Sao Sebastiao, State of Sao Paulo, MZUSP
8951.

Remarks.—Considered a synonym of

Porcellana platycheles Pennant, 1777 by

Veloso & Melo (1993:171).

Infraorder Brachyura Latreille, 1802

Section Dromiacea De Haan, 1833

Superfamily Dromioidea De Haan, 1833

Family Dromiidae De Haan, 1833

Dromia gouveai Melo & Campos Jr.,

1999:281, figs. 3a, b

Holotype.— 6, Salvador, Geribotuba,

State of Bahia, MZUSP 10222.

Paratype.— 1 S, Saco de Mamangua,
Santos, State of Sao Paulo, MZUSP 5526.

Superfamily Homoloidea De Haan, 1839

Family Latreilliidae Stimpson, 1858

Latreillia williamsi Melo, 1990b:28,

figs. 1, 2

Holotype.— S, RA^ Prof. W. Besnard,

Proj GEDIP, State of Rio Grande do Sul,

sta 396, 34°26'S, 51°47'W, 155 m, sand and

gravel, 27 Aug 1968, MZUSP 3295.

Paratypes.—All same data as holotype:

1 9, MZUSP 5492; 1 9, MZUSP 5493; 1

d, MZUSP 5494.

Section Eubrachyura de Saint Laurent, 1980

Subsection Raninoida De Haan, 1839

Superfamily Raninoidea De Haan, 1839

Family Raninidae De Haan, 1839

Ranilia guinotae Melo & Campos Jr.,

1994:69, figs. 16-22

Holotype.—6 , Santos, State of Sao Pau-

lo, stomach content of the fish Diplectrum

formosum Linnaeus, MZUSP 10932.

Paratype.— 1 S , same data as holotype,

MZUSP 11106.

Ranilia saldanhai Rodrigues da Costa,

1970:33, fig. 1

Holotype.— 6, R/V Aim. Saldanha,

dredging, 26-60 m, 07°55'S, 34°48'W,

MZUSP 8223.

Remarks.—Considered a synonym of

Ranilia muricata H. Milne Edwards, 1837

by Melo & Campos Jr. (1994:69). The ho-

lotype is a male and not a female as listed

by Rodrigues da Costa (1970:33).

Superfamily Cyclodorippoidea Ortmann,

1892

Family Cyclodorippidae Ortmann, 1892

Clythrocerus analogus Coelho, 1973d:343

Paratype.— 1 9, RA^ Aim. Saldanha,

Proj Norte-Nordeste, sta 1743A, 75 m,

00°51'S, 43°41'24"W, MZUSP 4828.

Remarks.—Transferred to Deilocerus Ta-

vares, 1996 by Tavares (1996:275).

Clythrocerus bidentatus Campos Jr. &
Melo, 1999:7, figs. 1, 2

Holotype.— 9, RA^ Prof. W. Besnard,

Proj Monitoramento, sta 28, 22°24'S,

40°42'W, 60 m, 09 Aug 1991, MZUSP
11077.

Clythrocerus carinatus Coelho, 1973c:343

Paratypes.— 1 (5^, 1 9, WW Aim. Saldan-

ha, Proj Norte-Nordeste, sta 1804B, 27 m,

sand, 25 Nov 1967, MZUSP 4827; 1 9,

RA^ Aim. Saldanha, Proj Geomar, sta 27,

00°02'30"S, 46°15'00"W, 5 Jun 1968,

MZUSP 4825; 19, RA^ Aim. Saldanha,

Proj Norte-Nordeste, sta 1763, 00°25'S,

47°17'W, MZUSP 12044.

Cyclodorippe angulata Tavares, 1991:633,

figs. 6b, 8c, lla-c

Holotype.— 9, RA^ Marion Dufresne,

Proj TAAF MD55-BR, sta 16, 310-360 m,

20°26'S, 36°41'W, 2 Jun 1987, MZUSP
10266.
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Cyclodorippe longifrons Campos Jr. &
Melo, 1999:38, figs. 1, 2

HoIotype.— S, Proj Monitoramento, sta

05, 21°20'S, 40°16'W, 115 m, 18 Jul 1991,

MZUSP 12055.

Paratypes.—All same data as holotype:

1 ?, MZUSP 12056; 1 $, MZUSP 12057.

Deilocerus coelhoi Campos Jr. & Melo,

1998:130, figs. 1, 2

Holotype.— S, Proj Monitoramento, sta

57, 23°36'S, 41°56'W, 170 m, 20 Aug 1991,

MZUSP 11523.

Paratypes.—All same data as holotype:

1 $, MZUSP 11524; 1 9, MZUSP 11522.

Family Cymonomidae Bouvier, 1897

Cymonomus guillei Tavares, 1991:639,

figs. 7b, 8d, 9b, lid

Holotype.— 9, RA^ Marion Dufresne,

Proj TAAF MD55-BR, sta 54, 19°36'S,

38°53'W, 640 m, 30 May 1987, MZUSP
10268.

Cymonomus guinotae Tavares, 1991:640,

figs. 7c, 8b, 9c, lOa-c

Holotype.— 9, RA^ Marion Dufresne,

Proj TAAF MD55-BR, sta 64, 23°46'S,

42°10'W, 610 m, 2 Jun 1987, MZUSP
10269.

Remarks.—Transferred to Cymonomo-
ides Tavares, 1993 by Tavares (1993:141).

Cymonomus magnirostris Tavares,

1991:635, figs. 7a, 8e, 9a, lOd-f

Holotype.— $, RA/ Marion Dufresne,

Proj TAAF MD55-BR, sta 64, 23°46'S,

42°10'W, 610 m, 2 Jun 1987, MZUSP
10267.

Cymonomus meloi Campos Jr., 1997:129,

fig. 1

Holotype.— S, Proj Integrado, Ubatuba,

State of Sao Paulo, MZUSP 10771.

Cymonomus oyakawai Campos Jr.,

1997:131, fig. 2

Holoty^pe.—S , RTV Prof W. Besnard,

Proj GEDIP, State of Rio Grande do Sul,

sta 1646, 34°25'S, 51°49'W, 166 m, 18 Jan

1972, MZUSP 6161.

Cymonomus tavaresi Campos Jr.,

1997:132, fig. 3

Holotype.— 9, RA^ Emilia, Proj Ilha

Grande, State of Rio de Janeiro, sta C.

(288), 2 m, 30 Jul 1966, MZUSP 9193.

Subsection Heterotremata Guinot, 1977

Superfamily Leucosioidea Samouelle,

1819

Family Leucosiidae Samouelle, 1819

Ebalia conica Coelho, 1973a:342

Holotype.—S, RfV Aim. Saldanha, sta

1784, off Cabo Norte, State of Amapa,
03°08'S, 49°07'W, 85 m, 16 Nov 1967,

MZUSP 6603.

Paratypes.— 1 (5^, 1 9, KTV Aim. Saldan-

ha, sta 1677, 04°41'S, 35°24'W, 65 m, 17

Oct 1967, MZUSP 6551; 1 S, RA^ Aim.

Saldanha, sta 1676A, 04°46'S, 35°24'W, 39

m, 16 Oct 1967, MZUSP 6561.

Remarks.—Transferred to Lithadia Bell,

1855 by Coelho & Ramos-Porto (1986:67).

Ebalia obliqua Coelho, 1973b:342

Holotype.— (5, North of State of Pernam-

buco, Proj ITA, 37 m, 17 Jan 1969,

MZUSP 6544.

Paratypes.— 1 6 , 2 carapaces, RA^ Aim.

Saldanha, Proj Geomar, sta 34, 00°2rS,

46°58'W, 30 m, 7 Jun 1968, MZUSP 6554;

1 S juv, Proj Pernambuco, sta 27, 03 Feb

1969, MZUSP 6558; 1 S, Proj Pernambu-

co, sta 35B, 07 Feb 1969, MZUSP 6556.

Remarks.—Transferred to Lithadia Bell,

1855 by Coelho & Ramos-Porto (1986:67).

Ebalia vertiginosa Coelho, 1973e:343

Holotype.— 6, R/V Canopus, sta 14,

Or30'S, 38°43'W, 47 m, 12 Jul 1965,

MZUSP 6559.
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Paratypes.— 1 9, R/V Akaroa, sta 37,

09°27'50"S, 35°17'45"W, 32 m, 6 Sep 1965,

MZUSP 6549; 1 S. R/V Canopus, sta 61,

02°5rS, 38°51'W, 60 m, 25 Aug 1965,

MZUSP 6552; 1 9, RA^ Akaroa, sta 59,

09°46'10"S, 35°34'40"W, 31 m, 7 Sep 1965,

MZUSP 6555.

Remarks.—Transferred to Lithadia Bell,

1855 by Coelho & Ramos-Porto (1986:67).

Speloeophoroides capixaba Melo &
Torres, 1998b: 130, figs. 1-6

Holotype.— 6, State of Espirito Santo,

Proj Rio Doce, sta RD-54, 18°54'08"S,

39°15'04"W, 41 m, 1973, MZUSP 9149.

Speloeophorus brasiliensis Melo & Torres,

1998a: 126, figs. 7-10

Holotype.— 1 S , Praia do Frances, Ma-
rechal Deodoro, State of Alagoas, MZUSP
12045.

Superfamily Majoidea Samouelle, 1819

Family Inachidae MacLeay, 1838

Podochela atlantica Coelho, 1997:223,

figs, la-d

Holotype.—S , WW Prof. W. Besnard,

Proj GEDIP, State of Rio Grande do Sul,

sta 554, 32°12'S, 50°12'W, 149 m, 9 Mar
1969, MZUSP 3533.

Paratypes.— $ ovig., RA^ Prof. W. Bes-

nard, Proj GEDIP, State of Rio Grande do

Sul, sta 576, 34°28'S, 51°53'W, 155 m, 14

Mar 1969, MZUSP 3522; 1 $ ovig., R/V
Prof W. Besnard, Proj GEDIP, State of Rio

Grande do Sul, sta 547, 30°48'S, 49°18'W,

160 m, Jul 1969, MZUSP 5975.

Podochela meloi Sankarankutty, Ferreira

& Cunha, 2001:552, figs. 1, 2

Paratype.— 1 $, Estuary near Macau,

State of Rio Grande do Norte, MZUSP
13192.

Podochela minuscula Coelho, 1972:119,

figs, lb, c

Paratype.— 1 $ ovig., R/V Aim. Saldan-

ha, Proj Norte-Nordeste I, sta 1722,

02°13.5'S, 40°43.5'W, 53 m, 29 Oct 1967,

MZUSP 7213.

Family Mithracidae Balls, 1929

Mithrax (Mithrax) besnardi Melo,

1990a:20, figs. 1, 2

Holotype.— 9, R/V Prof W. Besnard,

Proj GEDIP, sta 1871, off Maldonado, Uru-

guay, 35°02'S, 52°42'W, 2100 m, 12 Aug
1972, MZUSP 4565.

Paratypes.—All same data as holotype:

1 6, MZUSP 6241; 1 9, MZUSP 6242; 1

(?, MZUSP 7519.

Remarks.—The subgenus Mithrax was
elevated to generic status in a revision of

the genus Mithrax by Wagner (1990). How-
ever, it appears that Wagner was unable to

consider M. (M.) besnardi as his revision,

and Melo's (1990a) description, appeared in

the same year.

Family Pisidae Dana, 1851

Libinia rostrata var. bellicosa Oliveira,

1944:87, figs. 1-3

Remarks.—A female specimen has been

found from Ilha do Pinheiro, State of Rio

de Janeiro, Brazil (MZUSP 8581), with

similar information to that mentioned by

Oliveira (1944) in his description of this

taxon.

Superfamily Parthenopoidea MacLeay,

1838

Family Parthenopidae MacLeay, 1838

Heterocrypta aloysioi Rodrigues da Costa,

1968a: 144, figs. 1, 2

Holotype.— 5, Praia do Ara^a, Sao Se-

bastiao. State of Sao Paulo, 3 Sep 1967,

MZUSP 8224.

Paratype.— 1 $, same data as holotype,

MZUSP 8225.

Heterocrypta tommasii Rodrigues da

Costa, 1959:595, fig. 1

Holotype.— $ ovig., Cananeia, State of

Sao Paulo, 25°06'00"S, 47°51'05"W, 26 Jul

1959, MZUSP 8226.



VOLUME 1 16, NUMBER 2 431

Paratypes.—All same data as holotype:

1 (?, 2 ?, MZUSP 8227; 15 $, MZUSP
8580.

Remarks.—The holotype was originally

deposited in lOUSP.

Lambrus aylthoni Righi, 1965:57, fig. 1

Holotype.—S , Ilha Vitoria, State of Sao

Paulo, coll. A. Joly, Jul 1963, MZUSP
1820.

Paratypes.— 1 S, Ilha Vitoria, State of

Sao Paulo, 5 Jul 1959, MZUSP 2048; 1 9,

Ilha de Alcatrazes, State of Sao Paulo, coll.

lOUSP, 5 Oct 1959, MZUSP 2049.

Remarks.—Transferred to Parthenope

Weber, 1795 by Righi (1967:114).

Solenolambrus brasiliensis Rodrigues da

Costa, 1961:1, figs. 1, 2

Holotype.— c^ , State of Sao Paulo,

23°58'40"S, 46°80'30"W, MZUSP 8220.

Paratypes.—All same data as holotype:

1 9, MZUSP 8221; 1 9, MZUSP 8222.

Superfamily Cancroidea Latreille, 1802

Family Cancridae Latreille, 1802

Cancer luederwaldti Rathbun, 1930a: 200,

pis. 86-89

Holotype.—Sex undetermined, Santos,

State of Sao Paulo, coll. H. Liiderwaldt,

MZUSP 948.

Remarks.—Synonymized under Cancer

pagurus Linnaeus, 1758 by Rathbun
(1930b:528).

Superfamily Portunoidea Rafinesque, 1815

Family Trichodactylidae H. Milne

Edwards, 1853

Goyazana rotundicauda Magalhaes &
Turkay, 1996:139, figs. 7, 10, 11

Holotype.— 6, Igarape Mandua9u, Para-

na lupia, Northwest of Fonte Boa, State of

Amazonas, coll. EPA, 8-9 Oct 1968,

MZUSP 7007.

Sylviocarcinus australis Magalhaes &
Turkay, 1996:113, figs. 36-38

Paratypes.— 1 9,2 c?, Porto Espiridiao,

State of Mato Grosso, coll. P. E. Vanzolini,

25 Dec 1976, MZUSP 6301; 7 9, 10 c?,

Sao Luis de Caceres, coll. E. Garbe, Nov
1917, MZUSP 2561; 1 9, 1 c?, Estrada

Transpantaneira, km 59, Pocone, State of

Mato Grosso, coll. V. A. Araujo, 23 Jun

1985, MZUSP 9104; 2 d, Estrada Trans-

pantaneira, km 59, Pocone, State of Mato
Grosso, 27 Jun 1985, MZUSP 9505.

Superfamily Xanthoidea MacLeay, 1838

Family Goneplacidae MacLeay, 1838

Chasmocarcinus arcuatus Coelho Filho &
Coelho, 1998:800, figs. 1-4

Paratypes.—2 (5, RTV Aim. Saldanha,

sta 7628, Ori9.5'N, 48°9.4'W, 45 m, 28 Jul

1987, MZUSP 13605. Formerly DOUFPE
536.

Chasmocarcinus hirsutipes Coelho Filho

& Coelho, 1998:804, figs. 5-7

Paratypes.—2 S, Proj Geomar, sta 46,

Or05'N, 47°42.4'W, 63 m, 9 Jun 1970,

MZUSP 13607. Formerly DOUFPE 514.

Chasmocarcinus meloi Coelho Filho &
Coelho, 1998:809, figs. 8, 9

Paratypes.—2 9, R/V Akaroa, sta 181,

10°38.15'S, 36°17.2'W, 130 m, 4 Dec 1965,

MZUSP 13606. Formerly DOUFPE 508.

Chasmocarcinus peresi Rodrigues da

Costa, 1968b:335

Paralectotypes.—8 c?, 8 9, R/V Calyp-

so, sta 1816, Abrolhos, State of Bahia,

17°56'S, 38°40'W, 12 Feb 1962, MZUSP
8230; 5 9,3 c?, R/V Calypso, sta 1815, 21

m, Abrolhos, State of Bahia, 17°56'S,

38°40'W, 12 Feb 1962, MZUSP 8747.

Speocarcinus meloi D'Incao & Gomes da

Silva, 1992:121, figs. 1-13

Holotype.— c?, R/V Atldntico Sul, Proj

Crustaceo, 32°17'S, 50°48'W, 14 Dec 1984,

MZUSP 9577.
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Paratype.— 1 $, same data as holotype, Paratypes.—5 $, same data as holotype,

MZUSP 9578. MZUSP 12352.

Family Panopeidae Ortmann, 1893

Hexanopanopeus heblingi Rodrigues &
Loyola e Silva, 1998:263, figs. 1-20

Holotype.— S, South of Ilha Anchieta,

Ubatuba, State of Sao Paulo, 23°26'S,

43°05'W, coll. N. J. Hebling, 7 Jul 1983,

MZUSP 12281.

Paratypes.—All same data as holotype:

4 c?, 4 ?, MZUSP 12282; 1 ?, MZUSP
12283.

Superfamily Pseudothelphusoidea

Ortmann, 1893

Family Pseudothelphusidae Ortmann, 1893

Brasiliothelphusa tapajoense Magalhaes &
Turkay, 1986:372, figs. 1, 2

Holotype.—6 , Rio Tapajos, Monte Cris-

to. State of Para, coll. EPA, 20-28 Jul

1973, MZUSP 6550.

Paratypes.—2 d, 2 9, same data as ho-

lotype, MZUSP 6378.

Kingsleya ytupora Magalhaes, 1986:617,

figs. 11-13, 30, 31

Paratypes.— 1 6,2 ?, Rio Trombetas,

State of Para, Cachoeira Porteira, under

stones, shallow water, region of river-rap-

ids, coll. C. Magalhaes, 2 Oct 1985,

MZUSP 7009; 7 c?, Rio Curua-Una, State

of Para, about 200 km upstream of the hy-

dro-electric power station of Curua-Una,

under stones, river rapids, coll. R. Huet and

A. G. dos Santos, Oct 1983, MZUSP 7010.

Subsection Thoracotremata Guinot, 1977

Superfamily Pinnotheroidea De Haan,

1833

Family Pinnotheridae De Haan, 1833

Alarconia guinotae Coelho, 1996:175,

fig. 1

Holotype.— S, State of Para, R/V Aim.

Saldanha, sta 1988, 00°26'S, 47°35'W, 25

m, 21 Nov 1968, MZUSP 12353.

Fabia insularis Melo, 1971:200, figs. 2, 3,

pi. 2

Holotype.— 9, Proj Ilha Grande, State of

Rio de Janeiro, RA^ Emilia, sta 266, 20 Jul

1966, in the bivalve Glycymeris (Glycymer-

ella) sp., MZUSP 3688.

Paratypes.— 1 9, same data as holotype,

MZUSP 3689; 1 9, Proj Ilha Grande, State

of Rio de Janeiro, RA^ Emilia, sta 268, 15

m, 17 Jul 1966, in the bivalve Glycymeris

longior (Sowerby), MZUSP 36871; 1 9,

Proj Ilha Grande, State of Rio de Janeiro,

RA^ Emilia, sta 251, 18 m, 17 Jul 1966,

MZUSP 3690; 1 9 , Proj Ilha Grande, State

of Rio de Janeiro, RA^ Emilia, sta 175, 26

m, 26 Jul 1966, MZUSP 3691; 1 9, Proj

Ilha Grande, State of Rio de Janeiro, RA^
Emilia, sta 174, 23 m, 22 Jul 1966, MZUSP
3692; 1 9 , Proj Ilha Grande, State of Rio

de Janeiro, R/V Emilia, sta 267, 10 m, 19

Jul 1966, MZUSP 3693.

Remarks.—Synonymized by Fennuci

(1975:173) with Fabia emiliai (Melo,

1971), but subsequently reinstated by Mar-

tins & D'Incao (1996:6).

Pinnixa aidae Righi, 1967:107,

figs. 21-26

Holotype.— 9 ovig., Enseada de Cara-

guatatuba. State of Sao Paulo, 23°38'S,

43°32'W, 5 km north of Rio Juqueriquere,

coll. J. Petersen, 5 Nov 1964, MZUSP
2231.

Allotype.— 1 S, same data as holotype,

MZUSP 2232.

Paratypes.—2 8,6 9 (5 ovig.), same

data as holotype, MZUSP 2233.

Remarks.—Transferred to Austinixa

Heard & Manning, 1997 by Heard & Man-
ning (1997:393).

Pinnixa angeloi Righi, 1967:110,

figs. 27-32

Holotype.—S , Sao Vicente, State of Sao

Paulo, coll. W. Narchi, 17 Dec 1964,

MZUSP 2136.
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Allotype.— 1 9, same data as holotype,

MZUSP 2137.

Paratypes.—4 ?, 1 $ juv, same data as

holotype, MZUSP 2138; 1 9, Bertioga,

State of Sao Paulo, coll. L. R. Tommasi, Jan

1964, MZUSP 2139; 12,16, Enseada de

Caraguatatuba, State of Sao Paulo, coll. J.

A. Petersen, 5 Nov 1964, MZUSP 2140; 1

S , Ilha de Alcatrazes, State of Sao Paulo,

coll. lOUSP, Jul 1965, MZUSP 2141; 1 S,

Santos, State of Sao Paulo, coll. O. Schu-

bart, Jun 1958, MZUSP 2142; 11 6, same

data as holotype, MZUSP 2143; 2 cJ, 3 $

(2 ovig.), Praia Grande, State of Sao Paulo,

10 km north Itanhaem, coll. S. de A. Rodri-

gues, 15 Aug 1965, MZUSP 2144; 5 2,

Mongagua, State of Sao Paulo, coll. E.

Schlenz, 9 Oct 1965, MZUSP 2145.

Remarks.—Synonymized under Pinnixa

patagoniensis Rathbun, 1918 by Fenucci

(1975:177), and subsequently transferred to

Austinixa Heard & Manning, 1997 by
Heard & Manning (1997:393).

Pinnotheres emiliai Melo, 1971:198,

fig. 1, pl. 1

Holotype.—6 , Proj Ilha Grande, State of

Rio de Janeiro, RTV Emilia, sta 102, 1 Jul

1966, in the bivalve Anadara brasiliana

(Lamarck), MZUSP 3480.

Paratype.— 1 S , Proj Ilha Grande, State

of Rio de Janeiro, R/V Emilia, sta 266, 20

Jul 1966, in the bivalve Glycymeris (Gly-

cymerella) sp., MZUSP 3481.

Remarks.—New combination proposed

by Fennuci (1975:173) as Fabia emiliai

(Melo, 1971), but subsequently reinstated

by Martins & D'Incao (1996:11).
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Establishment of a new genus for Panopeus bermudensis Benedict &
Rathbun, 1891 and several other xanthoid crabs from the Atlantic
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Abstract.—The new genus Acantholobulus is proposed to accommodate sev-

eral brachyuran crab species formerly assigned to the genera Panopeus H.

Milne Edwards, 1834 and Hexapanopeus Rathbun, 1898, with Panopeus ber-

mudensis Benedict & Rathbun, 1898 as the type species. Characters of the

carapace front, anterolateral dentition, male first pleopod, and larval stages

define the new genus. Morphological findings are congruent with recently re-

ported molecular evidence for distinction of this genus. The western Atlantic

species Hexapanopeus hemphillii Benedict & Rathbun, 1891, Panopeus gatu-

nensis Abele & Kim, 1989 and Hexapanopeus heblingi Rodrigues & de Loyola

e Silva, 1998 are considered junior synonyms of Acantholobulus bermudensis,

new combination. Hexapanopeus schmitti Rathbun, 1930 from the western At-

lantic is assigned to the new genus, and Panopeus margentus Williams &
Boschi, 1990 is concluded to be a junior synonym of Acantholobulus schmitti,

new combination. Panopeus mirafloresensis Abele & Kim, 1989 from the east-

ern Pacific and Panopeus pacificus Edmondson, 1931 from Hawaii and Tahiti

are also assigned to Acantholobulus. While provisionally retained among the

Panopeidae Ortmann, 1893, genetic studies and larval morphology distance

Acantholobulus, new genus, from typical panopeid crab genera examined to

date.

The genus Panopeus H. Milne Edwards, cies often facilitates ready distinction from

1834 includes a number of extremely com- the larger forms, the latter of which tend to

mon and abundant intertidal and upper sub- share a very characteristic and conserved

tidal marine and estuarine crab species, es- gonopod morphology (Williams 1984a, b).

pecially along warm-temperate to tropical A unique gonopod morphology has been re-

coasts of the Americas. Taxonomic history ported for Panopeus bermudensis Benedict

of this group is confusing, and superficial & Rathbun, 1891 (Monod 1956), P. paci-

similarities in morphology of the adults of- ficus Edmondson, 1931 (Forest & Guinot

ten make species identifications particularly 1961), P. gatunensis Abele & Kim, 1989

difficult. This is especially true for juveniles (Abele & Kim 1989), P. mirafloresensis

of those species that attain large size as Abele & Kim, 1989 (Abele & Kim 1989),

adults, since immature stages of these crabs and P. margentus Williams & Boschi, 1990

superficially resemble adults of smaller (Williams & Boschi 1990). In addition, dif-

panopeid species. However, the complex ar- ferences in carapace granulation and denti-

mature of male first pleopods (gonopods) in tion, together with the shape of the male

mature individuals of the small-sized spe- abdomen, distinguish this group from most
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species of Panopeus and from other pano-

peid genera like Hexapanopeus Rathbun,

1898, Rhithropanopeus Rathbun, 1898, Eu-

rypanopeus A. Milne-Edwards, 1881, and

Eurytium Stimpson, 1859.

Earlier studies of larvae for American

panopeid crabs, which included P. bermii-

densis, revealed unique characters in zoeal

morphology for the latter species (Martin et

al. 1984, 1985). More recently, one of us

(DLF) has participated in comparative ge-

netic studies that unambiguously position

P. bermudensis apart from most panopeids

for which mtl6S DNA has been sequenced

(Schubart et al. 2000). Finally, extensive

collections from the Indian River lagoon,

Florida, the Gulf of Mexico, and several

Caribbean localities have facilitated studies

of adult morphology that provided insight

into variations in characters at both the spe-

cific and generic level. In view of our pre-

sent evidence from adult morphology, lar-

val characters, and molecular genetics, we
herewith establish a new genus for this spe-

cies and its closest relatives.

Materials examined include selected

holdings from National Museum of Natural

History Smithsonian Institution, Washing-

ton, D.C. (USNM), the Museum national

d'Histoire naturelle, Paris (MNHN), and the

University of Louisiana, Lafayette Zoolog-

ical Collections (ULLZ). Size is expressed

as maximum carapace width (CW) mea-

sured in millimeters (mm) and includes the

anterolateral teeth.

Acantholobulus, new genus

Type species.—Panopeus bermudensis

Benedict & Rathbun, 1891.

Diagnosis of adult morphology.—Cara-

pace (Fig. la) moderately convex, slightly

elliptical in outline, regions well-defined by

grooves, usually crossed by raised trans-

verse lines of granules on anterior half.

Frontal edge bilobed with distinct median

fissure, thickened granulate margin usually

with transverse concavity, sometimes de-

fined as furrow between rows of granules

above and below. Anterolateral teeth

strongly developed, prominent, arrayed in

distinct arc, third and fourth teeth with tips

anteriorly directed, fifth tooth well defined,

thick, acute. Abdomen of male with termi-

nus rounded or weakly triangular, lateral

extremities on third segment rounded, sixth

segment slightly broader than long; lateral

lobe of third segment not contacting coxa

of fifth pereopod, seventh sternite distinctly

exposed. Dactyl of major chela with strong

basal tooth (Fig. lb); color of immovable
finger extended variably onto palm; carpus

distally with distinct transverse groove.

Fixed finger of major and minor chela in

male deflected, less so in female. Male first

pleopods (gonopods) terminally complex

(Fig. Ic—f, 2a-l), subterminally with row of

short denticles, field or row of a few strong

setae, and strong subterminal tooth directed

at right angle to shaft; terminal apex (ac-

cessory process) tapered, usually acute;

soft, variously folded median lobe sur-

rounding terminus of tract and bearing 1 to

several strong, distally directed spines or

setae.

Diagnosis of zoeal morphology.—Zoeal

development (known for the former Pano-

peus bermudensis and Hexapanopeus
schmitti) consisting of 4 stages; all stages

lacking lateral carapace spines or with, at

most, a small lateral protrusion of the car-

apace where such spines exist in other xan-

thoid larvae (Fig. 3a, b, e, h, i). Antennal

protopod unarmed and slightly dilated at

tip; antennal exopod absent or greatly re-

duced; antennal endopod absent or reduced

(Fig. 3c, f, j). Arms of telson furca each

with 1 dorsal spine located below (posterior

to) insertion point of, and sometimes pos-

terior to, furthest distal extent of telson mar-

ginal setae; other telson spines may be lo-

cated anterior to this (e.g.. Fig. 3g). Other

characters as in the "Group I" xanthid zo-

eas (Rice 1980, Martin 1984, Martin et al.

1985).

Etymology.—Combines prefix "acan-

tho-," meaning thorny as in a thorny plant,

with "lobulus," meaning small lobe, in ref-
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C-f

Fig. L Acantholobulus bermudensis (Benedict & Rathbun, 1891), new combination, syntypic specimens

from Bermuda, USNM 42804. Male, CW 12.5 mm: a, carapace and eyes, dorsal surface; b, major chela, external

surface. Male, CW 7.6 mm: c-f, right gonopod mesial, lateral, abdominal and sternal surfaces, respectively.

Scale lines indicate 0.5 mm.

erence to the median lobe of the male gon-

opod in this genus, which generally bears

characteristic spiniform setae. The gender is

masculine.

Assigned species.—Acantholobulus ber-

mudensis (Benedict & Rathbun, 1891), new
combination, formerly Panopeus bermu-

densis, senior synonym of Hexapanopeus
hemphillii Benedict & Rathbun, 1891, Pan-

opeus gatunensis Abele & Kim, 1989, and

Hexapanopeus heblingi Rodrigues & de

Loyola e Silva (1998), from throughout

tropical to warm-temperate waters of the

western Atlantic; Acantholobulus miraflo-

resensis (Abele & Kim, 1989), new com-
bination, formerly Panopeus mirafloresen-

sis, including former eastern Pacific records

of P. bermudensis, from throughout coastal

waters of the tropical eastern Pacific region;

Acantholobulus pacificus (Edmondson,

1931), new combination, formerly Pano-

peus pacificus, including ''Neopanope sp.

?" of Edmondson, 1931), from Hawaii and

Tahiti; and Acantholobulus schmitti (Rath-

bun, 1930), new combination, formerly

Hexapanopeus schmitti, senior synonym of

Panopeus margentus Williams & Boschi,

1990, from warm temperate Atlantic coastal

waters of South America.

Acantholobulus bermudensis (Benedict &
Rathbun, 1891), new combination

Figs, la-f, 2a-f, 3a-d

Panopeus herbstii van serratus Miers,

1886:129.
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a-l

Fig. 2. Acantholobulus bermudensis (Benedict & Rathbun, 1891), new combination: a, b, syntypic male

from Bermuda, USNM 42804, CW 12.5 mm, right gonopod mesial and lateral surfaces, respectively (subterminal

tooth broken and missing from specimen, shown as dotted line); c, male from Macau, Rio Grande do Norte,

Brazil, USNM 307299, (one of several specimens reported as ""Panopeus mirafloresensis'" by Ferreira & San-

karankutty 1997), CW 7.5 mm, right gonopod; d-f, male from Indian Key, Florida, USNM 15649 (holotype of

Hexapanopeus hemphillii Benedict & Rathbun, 1891), CW 9.7 mm, right gonopod abdominal, mesial, and sternal

surfaces, respectively. Acantholobulus schmitti (Rathbun, 1930), new combination: g, h, holotype male. Rio de

Janeiro, Brazil, USNM 59831, CW 12.8 mm, right gonopod abdominal and sternal surfaces, respectively; i, j,

male from Escollera Norte, Mar del Plata, Argentina, USNM 239191 (holotype of Panopeus margentus WiU'mms

& Boschi, 1990), CW 10.6 mm, left gonopod sternal and abdominal surfaces, respectively; k. 1. male from

Escollera Norte, Mar del Plata, Argentina, USNM 239195 (paratype of Panopeus margentus Williams & Boschi.

1990), CW 14.8 mm, right gonopod abdominal and sternal surfaces, respectively. Scale line indicates 0.5 mm.
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Fig. 3. Zoeal characters of Acantholobulus, new genus, a-d, Acantholobulus bermudensis (Benedict & Rath-

bun, 1891): a, second zoeal stage, lateral view; b, fourth zoeal stage, frontal view, arrow showing diagnostic

lack of lateral carapace spine; c, second zoeal stage, antenna, arrow showing diagnostic dilated tip of protopod;

d, left telsonal furca, dorsal view, arrow showing diagnostic posterior dorsal spine of furcal arm (from Martin

et al., 1985, as Panopeus bermudensis Benedict & Rathbun, 1891). e-g, Acantholobulus schmitti (Rathbun,

1930), all figures of second zoeal stage: e, frontolateral view; b, antenna; c, telson, dorsal view (from Bakker

et al., 1989, as Hexapanopeus schmitti). h—k, Acantholobulus schmitti: h, second zoeal stage, lateral view; i,

third zoeal stage, frontal view showing lateral protrusions of carapace; j, second zoeal stage, antenna; k, second

zoeal stage telson, dorsal view (from Rodriguez & Spivak 2001, as Panopeus margentus Williams & Boschi,

1990). Not drawn to scale.
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Panopeus wurdemannii Benedict & Rath-

bun, 1891:357, 372, pi. 24, figs. 6, 7.

Panopeus bermudensis Benedict & Rath-

bun, 1891:357, 376, pi. 20, fig. 2, pi. 24,

figs. 14, 15.—Rathbun 1930 (part): vii,

334 (key), 360-363, 365, 394, 583, fig.

56, pi. 165.—Rathbun 1933:60, 62.—
Monod 1956:325, 336, figs. 439-440.—
Felder 1973:5, 69, pi. 9, fig. 20.—Powers
1977:101.—Camp et al. 1977:35, 52, ta-

ble 36.—Gore et al. 1978:221, 224, 228,

231-235, 237, 242-243, 248, table 2-4,

figs. 8, 9, App. I.—Felder & Chaney

1979:15.—Martin 1984:227, 229, 230,

232, 233 (key to zoea), table 1.—Lemai-

tre 1981 (part, not Pacific range): 253-

255, fig. 5a.—Markham & McDermott
1981:1273.—Martin et al. 1984:537-542,

544-549, 555-559, 563-564, 577-581,

589, 592-595, 597, 598, figs. 2-5, 10a,

11a, 12-13a, i, 17, 21-23a, i, 30-33a, i,

43-48, tables 4, 5.—Felder et al. 1985:

186, 208, fig. 14.—Martin et al. 1985:

84-103, figs. 1-7, tables 1, 2.—Abele &
Kim 1986:xv, 59, 610 (key), 630,

631c.—Martin & Abele 1986:190, fig.

IK (not fig. 3C).—Martin 1988:76, 82,

89, 90, fig. 2f-h, j, k, 7, table 1.—Abele
& Kim 1989:31, 36.—WilHams & Boschi

1990:599.—Melo 1996 (part, not Pacific

range):368 (key), 371, 598.—Camp et al.

1998:149, 212.—Schubart et al. 2000:

1168-1169, 1171, fig. 1, tables 1, 3.

Panopeus hemphillii Benedict & Rathbun,

1891:357, 374, pi. 24, figs. 12, 13.

Eupanopeus bermudensis.—Rathbun, 1898:

273.—Rathbun 1901:29.

Hexapanopeus hemphillii Rathbun, 1898:

273.—Rathbun 1901:31.—Rathbun 1930:

384 (key), 400-402, pi. 171, figs. 1, 2,

6.—Rathbun 1933:63.—Abele & Kim
1986:xiv, 57, 608 (key), 620, 621c-e.—
Camp et al. 1998:148, 221.

Eupanopeus bermudensis var. sculptus Ver-

rill, 1908:357.

Panopeus bermudensis? (juvenile).—Feld-

er, 1973:62.

Panopeus species 2.—Martin & Abele,

1986:189, fig. 2B.

Panopeus gatunensis Abele & Kim, 1989:

3, 31, 32, 41, fig. 15a-h, table 3.

Panopeus permudensis (sic).—Sankaran-

kutty & Manning, 1997:254.

Panopeus mirafloresensis.—Ferreira &
Sankarankutty, 1997:153-155, fig. la-f

(Brazilian specimens only; not Panopeus

mirafloresensis Abele & Kim, 1989).

Hexapanopeus heblingi.—Rodrigues & de

Loyola e Silva, 1998:263-270, figs. 1-

20.

[not ''Panopeus bermudensis'' of Lebour,

1944:119, fig. 9a-d].

Material examined.—Type series, 16

specimens, of Panopeus bermudensis from

Bermuda, USNM 42804; holotype male of

H. hemphillii from Indian Key, Florida

(USNM 15649); holotype male of P. ga-

tunensis from Gatun Locks of Panama Ca-

nal, Caribbean side. Republic of Panama
(USNM 237647); 2 males, 1 female report-

ed as "P. mirafloresensis'' by Ferreira &
Sankarankutty (1997) from Macau, Rio

Grande do Norte, Brazil (USNM 307299).

Diagnosis and common variations of

adults.—Carapace (Fig. la) broadly oval;

anterolateral teeth broadly developed, tend-

ing to lobiform, obtuse in small specimens,

first and second broadly fused together with

separation sometimes obscure; dorsal out-

line for each lobe of front arcuate near mid-

line, becoming truncate or weakly concave

laterally. Lines of granules on carapace usu-

ally including distinct short ridge (some-

times paired by short parallel ridge) on ei-

ther half of epigastric region, composed of

enlarged granules about same size as those

of hepatic or branchial ridges. Color of

movable finger (Fig. lb) variably extended

onto palm, varying from brown to tan, yel-

lowish, or ivory; if dark, tips of fingers fad-

ed to near white. Palm usually with light,

nearly white area distally near base of mov-
able finger. Gonopod (Fig. Ic-f, 2a-f) with

median lobe of terminus variously tubi-

form, slightly folded toward terminal apex

(accessory process), not exceeding terminal

apex distally, usually bearing 2-3 elongate.
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Fig. 4. Typical zoeal characters of the genus Panopeus H. Milne Edwards, 1834 and related genera in the

family Panopeidae. a, second zoeal stage, lateral view, arrow showing well developed lateral carapace spine; b,

second zoeal stage, antenna, arrow showing tapered distal extremity (note presence of spines and relative exopod/

endopod sizes); c, third zoeal stage, telson in dorsal view, arrow showing placement of furcal spines (redrawn

from Montu et al. 1998, as Panopeus austrobesus Williams 1984a).

curved spines. Zoeal stages (Fig. 3a-d)

with arms of telsonal furca lacking lateral

spination, each arm bearing single dorsoin-

ternal spine originating posterior to distal

tips of internal marginal setae of furca. Oc-

casional variants of adults include speci-

mens having front a thickened lip, lacking

transverse furrow on frontal lobes; bearing

obscurely developed lines of granules dor-

sally on carapace; lacking dimorphism in

chelae, with both being developed as en-

larged minor chelae lacking basal tooth on

movable finger; or bearing more or less

than 2 or 3 spines on the median lobe of

the gonopod terminus.

Distribution.—Warm-temperate and

tropical shallow waters of the western At-

lantic, from Bermuda and Florida, through-

out the Gulf of Mexico and Caribbean Sea,

the Antilles, and northern coastlines of

South America to the state of Santa Catar-

ina, Brazil.

Remarks.—No holotype was designated

in the published original description of

Panopeus bermudensis by Benedict &
Rathbun (1891), though a "large male"

was reported be 12 mm CW. Subsequently,

Rathbun (1930) indicated that the type se-

ries consisted of 15 specimens "including

holotype" and indicated that the "type

male" as 14.4 mm CW. We presently find

no specimen larger than a male of 12.5 mm
CW in the type series of 16 specimens that

comprise USNM 42804. We must surmise

that the presumed holotype is either missing

or that the size of the largest specimen and
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presumed holotype was in error as reported

by Rathbun (1930). While 16 specimens re-

main in this lot, which exceeded the num-

ber reported by Rathbun, a small, possibly

original tag with this lot does appear to in-

dicate that the collection consists of "15 + "

specimens. In absence of any more defini-

tive evidence that a designated holotype

ever existed, we regard this series as syn-

types.

Monod (1956:325) first noted the poten-

tial significance of the gonopod of Pano-

peus bermudensis as a generic-level char-

acter. Subsequent workers also called atten-

tion to the unique terminal gonopod mor-

phology and its possible generic

significance in both P. bermudensis and

Panopeus mirafloresensis (Martin & Abele

1986; Martin et al. 1984, 1985; Abele &
Kim 1989). In addition, Panopeus gatunen-

sis, herein recognized as a junior synonym
of Acantholobulus bermudensis, was shown

to have a gonopod similar to the aforemen-

tioned two species, differing primarily in

having a supernumerary lateral spine. With-

out question, all three of these species share

gonopod morphology diagnostic of Acan-

tholobulus. However, we place no signifi-

cance in the observation of a supernumer-

ary lateral spine on the gonopod of P. ga-

tunensis that was originally illustrated by

Abele & Kim (1989: fig. 15f-h) especially

since the holotype male (USNM 237647,

the only known specimen) has only a single

lateral spine on the opposite gonopod from

that illustrated. Furthermore, supernumary

lateral spines are occasionally seen among
large series of specimens assignable to A.

bermudensis from the Indian River region

of Florida (ULLZ collections); when these

occur, they are usually on only one side of

the male. The holotype of P. gatunensis

also appears to have a regenerated major

chela, an atypically smooth carapace, and a

very poorly defined transverse frontal fur-

row. These are, however, again features

seen in a small percentage of specimens as-

signable to A. bermudensis from Florida,

and none occur in such combination and

consistency as to suggest that they are like-

ly characters of a separate species.

Records of Hexapanopeus hemphillii are

not to be found in the literature since Rath-

bun (1930), and our attempts to collect

from habitats described in that work con-

sistently yield only specimens assignable to

Acantholobulus bermudensis. Examination

of the male holotype of H. hemphillii

(USNM 15649) revealed that it is clearly

assignable to Acantholobulus. Its gonopod

(Fig. 2d, e) differs from the typical form in

A. bermudensis in that it bears three smaller,

rather than two larger, spines on the medial

lobe. This condition, however, is not un-

common among males in large samples of

A. bermudensis. Also, white coloration on

the fingers of the chelipeds, relative widths

of the anterolateral teeth on the carapace,

and the carapace shape, as used in the de-

scription and later diagnosis of H. hemphil-

lii (see Benedict & Rathbun 1891, Rathbun

1930), all can be found among larger series

of A. bermudensis. In the absence of de-

pendable diagnostic characters for H. hem-

phillii, we must treat it as a junior synonym
of A. bermudensis.

Likewise, no characters are offered in the

description by Rodrigues & de Loyola e

Silva (1998) that would differentiate Hex-

apanopeus heblingi from A. bermudensis,

and interspecific comparisons they make
are limited to western Atlantic species of

Hexapanopeus. We have not been able to

examine type materials of this species, but

both the text and figures in the published

description clearly detail features diagnostic

of Acantholobulus, new genus, well within

the range of variation that we have ob-

served in A. bermudensis. At least for the

present, we conclude that this species is

also a junior synonym of A. bermudensis, a

finding supported by the strong similarity

of its larvae (Rodrigues 1997) to those of

A. bermudensis (see Discussion below).

A report of Panopeus mirafloresensis

from Brazil (Ferreira & Sankarankutty

1997) is interpreted to also represent Aca/i-

tholobulus bermudensis rather than the
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aforementioned species, which appears to

be restricted to Pacific coasthnes. Speci-

mens upon which this BraziUan record was

based were furnished to the late R. B. Man-
ning prior to pubhcation and (as noted by

Ferreira & Sankarankutty 1997:157) he

could not confirm that they represented

Panopeus mirafloresensis. We have exam-

ined these specimens (USNM 307299), il-

lustrated the male gonopod (Fig. 2c) and

found them indistinguishable from A. her-

mudensis. We also observe, however, that

the Pacific species Acantholobulus miraflo-

resensis (as herein assigned) is itself not

readily distinguishable from A. bermudensis

on the basis of characters reported to date,

especially given the range of variation that

we have observed in populations of the lat-

ter species. Records from the eastern Pacific

region include mention of both Panopeus

bermudensis (see Rathbun 1930, Garth

1961, Lemaitre 1981, Abele & Kim 1989,

Lemaitre & Alvarez Leon 1992) and P.

mirafloresensis (see Abele & Kim 1989:

36), and no attempt is herein made by us to

resolve morphologically whether these east-

ern Pacific populations could represent

more than one species. At least until further

comparative study is undertaken and on-

going molecular analyses are completed,

we recognize A. mirafloresensis as the east-

ern Pacific cognate of A. bermudensis. The
natural range of latter species appears lim-

ited to warm-temperate and tropical shallow

waters of the western Atlantic, as also con-

cluded by Salgado Barragan & Hendrickx

(1997).

Systematic review of congeners.—Rec-

ognition of Panopeus margentus as a junior

synonym of Acantholobulus schmitti (Rath-

bun, 1930), new combination, was based

upon examination of the holotype (USNM
239191) and paratypes (USNM 239195) of

Panopeus margentus, all from Mar del Pla-

ta, Argentina. The description of P. mar-

gentus by Williams & Boschi (1990) in-

cluded no comparisons to or mention of

Hexapanopeus schmitti, even though the

latter species has been documented to range

into warm-temperate waters of southern

Brazil and Uruguay. Instead, the authors did

note its resemblance to Panopeus bermu-

densis and the Pacific P. mirafloresensis,

both of which are in the present work es-

tablished as congeners of Acantholobulus

schmitti. We have found no consistent fea-

tures of general carapace and cheliped mor-

phology that would serve to distinguish P.

margentus from larger specimens of Acan-

tholobulus schmitti. Furthermore, the right

gonopod as figured in the original descrip-

tion (Williams & Boschi 1990: fig. le, d)

appears to be highly aberrant and perhaps

damaged. Our own examination of the

damaged holotype revealed the left gono-

pod of this specimen to be intact (Fig. 2i,

j) and almost identical in terminal mor-

phology to that herein figured for the ho-

lotype of Acantholobulus schmitti (Fig. 2g,

h). However, as discussed below, the de-

scription of larval development for this spe-

cies {Panopeus margentus) by Rodriguez &
Spivak (2001) included some differences

from that presented by Bakker et al. (1989)

for Hexapanopeus schmitti, which should

not be the case if these two names indeed

refer to the same species (further addressed

in Discussion below).

Materials of Panopeus paciflcus from

Hawaii and Tahiti, along with some ques-

tionably assigned to ''Neopanope sp. ?" by

Edmondson (1931), were reviewed by For-

est & Guinot (1961) who provided detailed

illustrations of gonopods, chelae, and cara-

pace dentition for these specimens, all of

which appear to be typical of Acantholob-

ulus. Our direct examination of topotypic

specimens of P. paciflcus (four males, two

females) collected by C. H. Edmondson
from Pearl Harbor (USNM 96304) confirms

this generic reassignment. We have also re-

examined the two males of P. paciflcus re-

ported from Tahiti (MNHN B 13963) by

Forest & Guinot (1961) and found no char-

acters to distinguish them from the Hawai-

ian materials. Edmondson (1931) preceded

his original description of P. paciflcus by

noting the possibility of this species being
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"transported to Hawaii through shipments

of oysters or on the bottoms of ships," es-

pecially since he found it only in associa-

tion with "sponges, barnacles and tunicates

attached to buoys and floats in Pearl Harbor,

Oahu." This is typical habitat for most of

the known Acantholobulus spp., and may
indicate a high potential for their dispersal

and introduction among fouling materials.

At very least, it could account for wide dis-

tributions, such as that for A. pacificus,

which appears to encompass both Hawaii

and Tahiti. However, except for the appar-

ent larger size evident in most specimens of

A. pacificus, there are also no obvious mor-

phological characters to distinguish it from

A. mirafloresensis. More definitive conclu-

sions about the relationship between these

species and their relationships to others of

the genus should be facilitated by molecular

genetic studies that we have in progress.

While we have not re-examined materials

of the ''Neopanope sp.?" reported by Ed-

mondson (1931:14), from Pearl Harbor, the

chelae of one large male in the lot of Pan-

opeus pacificus that we examined (USNM
96304) appears to match Edmondson's de-

scription of the chelae in his specimen of

''Neopanope sp.?". In addition, the figure

of the gonopod for ''Neopanope sp.?" pro-

vided by Forest & Guinot (1961: fig. 106)

is clearly typical of Acantholobulus and

well within the range of variation to be ex-

pected in gonopod morphology for species

in this genus. We thus conclude that the pe-

culiar cheliped dentition reported for ''Neo-

panope sp.?" by Edmondson (1931) is like-

ly the result of cheliped regeneration and

that these materials represent additional

specimens of A. pacificus, new combina-

tion. Cheliped variations like those ob-

served by Edmondson are not uncommon
in populations of A. bermudensis that we
have sampled in Florida (ULLZ collec-

tions). These have also been illustrated for

variant specimens of both A. bermudensis

(as Panopeus gatunensis, Abele & Kim,

1989: fig. 15) and A. mirafioresensis, (as

Panopeus mirafioresensis, Abele & Kim,

1989: fig 18) from Panama.

Our proposed revisions are summarized

as follow:

Former name
New name

Panopeus bermudensis

Acantholobulus bermudensis,

new combination

Hexapanopeus schmitti

Acantholobulus schmitti,

new combination

Panopeus mirafioresensis

Acantholobulus mirafioresensis,

new combination

Panopeus margentus

junior synonym of A. schmitti

Panopeus gatunensis

junior synonym of A. bermudensis

Hexapanopeus hemphillii

junior synonym of A. bermudensis

Hexapanopeus heblingi

junior synonym of A. bermudensis

Discussion

The use of brachyuran larval morpholo-

gy, especially characters of the first zoeal

stage, in elucidating systematic and phylo-

genetic questions is now relatively well es-

tablished (e.g., see references in Clark et al.

1998). Larval morphology has been of par-

ticular value for resolving relationships

within the enormous superfamily Xanthoi-

dea MacLeay, 1838 (e.g., Clark & Al-Ai-

daroos 1996, Clark & Galil 1998, Clark &
Ng 1998, Fransozo et al. 2001, and papers

cited therein). Several workers (Rice 1980;

Martin 1984, 1988), have proposed recog-

nizable groupings of xanthoid larvae in at-

tempts to address systematic or phyloge-

netic questions. Within the xanthoid family

Panopeidae Ortmann, 1893 sensu Guinot

1978 (see also Martin & Davis 2001), lar-

val morphology is diverse. Prior to 1985,

however, all known species of the Panopei-

dae save Panopeus bermudensis were

thought to have lateral carapace spines,

which is true of nearly all known xanthoid
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larvae. "Typical" zoeal larvae of panopeid

crabs have well developed (although some-

times short) lateral carapace spines, a ta-

pering antennal protopod that is often

armed distally (and is never distally inflat-

ed), and two or three small spines on the

telsonal furcae, all located at approximately

the level of insertion of the three paired tel-

sonal setae (Fig. 4). The larvae of P. ber-

mudensis were described as differing from

all other panopeid larvae in lacking these

lateral carapace spines (Martin et al. 1985),

having an antenna that is dilated at the tip

and that lacks an exopod (actually present,

but greatly reduced, see Discussion), and in

bearing a single pair of telsonal spines lo-

cated posterior to the distal tip of the inte-

rior telsonal setae. Remarkably, the zoeal

stages of Hexapanopeus schmitti as de-

scribed by Bakker et al. (1989) also lack a

lateral carapace spine, have an antennal

protopod that is dilated at the tip, have a

reduced antennal exopod, and bear a pair of

posterior spines on the telsonal furca (al-

though, in addition, there is also a pair of

more anterior furcal spines).

Our decision to group the former Pano-

peus bermudensis and Hexapanopeus
schmitti, along with the former Panopeus

mirafloresensis and P. pacificus, into Acan-

tholobulus, new genus, on the basis of adult

morphology is thus supported by larval

morphology for at least the first two of

these species. We expect that larval char-

acters of the former P. mirafloresensis and

P. pacificus, which remain undescribed,

should resemble those of the two other spe-

cies of Acantholobulus. Given the similar-

ities in adult morphology herewith reported

for proposed members of Acantholobulus,

new genus, shared characters in larval mor-

phology to the extent known within this

group, and the established genetic distinc-

tion for at least one of its members (Schu-

bart et al. 2000), the generic revision herein

proposed is strongly supported.

Even so, some problems remain in our

assignment of species to the new genus

Acantholobulus, decision to synonymize

Panopeus margentus with Acantholobulus

schmitti, and conclusion that Hexapanopeus
hemphillii and H. heblingi must be synon-

ymized with Acantholobulus bermudensis.

In the case of Panopeus margentus, our rea-

sons for placing this species into synonymy
with Acantholobulus schmitti on the basis

of adult features have been given earlier.

One would thus expect that reported larval

descriptions would prove to be identical,

and to large extent this is true; Rodriguez

& Spivak (2001:818) state that ""Panopeus

margentus larvae are very similar to those

of//, schmitti.'' The larvae of P. margentus

as described by Rodriguez & Spivak (2001)

also lack lateral carapace spines, although a

slight protrusion of the carapace can be

seen (Fig. Ih, i), which may be a homo-
logue of the lateral spine in typical pano-

peid zoeas. As described, however, the

zoeal stages of P. margentus would appear

to lack the second pair of telson furcal

spines shown by Bakker et al. (1989) for

//. schmitti.

In the course of our studies, we have re-

examined the parental female (USNM
288046), as well as the larval stages of P.

margentus (USNM 291175) described by

Rodriguez & Spivak (2001). We cannot de-

finitively separate the female from those of

A. schmitti, though females of both of these

species remain poorly described. Among
the larvae, when mounted in glycerin and

examined with differential interference con-

trast (DIG) optics, we do find zoeas at stag-

es one through four in which a second, very

small pair of telson furcal spines can be dis-

cerned at high magnifications (first called to

our attention by J. Guesta and B. Mahon).

These, however, appear to be less conspic-

uous than those illustrated for zoeal stages

of A. schmitti by Bakker et al. (1989), and

it should be noted that they were not ob-

vious on all specimens examined; in some

cases, the small setal shaft appeared instead

as a cluster of two or three miniscule setae

or setal fragments and may have been worn

or damaged.

For Hexapanopeus heblingi we examined
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selected figures of the larvae illustrated by

Rodrigues (1997, figs. 3-10). On the basis

of these larval descriptions, zoeal stages of

H. heblingi are essentially identical to those

of Panopeus bermudensis described by

Martin et al. (1984, 1985). The absence of

a lateral carapace spine, the inflated tip of

the antenna, the reduced antennal exopod,

and other features are a nearly perfect

match, supporting our synonymy of the two

species under the name Acantholobulus

bermudensis. Yet, descriptions of the me-

galopa appear to differ slightly. In the me-

galopa of P. bermudensis, described by

Martin et al. (1984, 1985), the frontal re-

gion of the carapace bears anterolateral

horns, and the cheliped bears a distinct re-

curved spine on the ischium. Neither of

these characters is illustrated by Rodrigues

(1997) for the species therein referred to as

H. heblingi. Although frontal horns on the

carapace are easily missed, especially if the

carapace front is strongly deflected dov^n-

ward, the cheliped spine is a feature that

rarely escapes notice.

We cannot further comment on this ap-

parent discrepancy without directly re-ex-

amining the larvae referred to as H. heblin-

gi. Minute structures are easily overlooked,

and it is pertinent to note that Martin et al.

(1985) also overlooked a diagnostic struc-

ture in the course of describing larvae that

we now refer to Acantholobulus bermuden-

sis. We have re-examined some of the ac-

tual larvae treated in that earlier study

(ULLZ, uncatalogued slide mounts), and

we must now report that the antenna does

in fact possess a small exopod. It is entirely

possible that other small features have also

escaped the notice of previous workers, and

a thorough reinvestigation of larval mor-

phology in all of these xanthoid groups is

warranted.

For the present, pending additional mo-
lecular studies to build on those of Schubart

et al. (2000), we continue to treat species

herewith assigned to Acantholobulus, new
genus, as members of the Panopeidae. As
noted above, however, both mtDNA se-

quences and larval morphology set this

group apart from typical panopeid species,

and definitive assignment must await im-

proved understanding of familial separa-

tions among the Xanthoidea.

Acknowledgments

We gratefully acknowledge the advice

and encouragement of the late R. B. Man-
ning, who assisted us in early phases of this

project. We also thank K. Anger, J. Cuesta,

D. Guinot, R. Lemaitre, B. Mahon, F. Man-
telatto, K. Reed, and C. Schubart, who in

various ways facilitated our completion of

this paper. Support was provided from Na-

tional Science Foundation grants no. DEB
9972100 and DEB 9978193, U.S. Depart-

ment of Energy grant no. DE-FG02-
97ER 12220, and several small grants from

the Smithsonian Marine Station at Ft.

Pierce, Florida. This is contribution No. 94

of the UL Lafayette Laboratory for Crus-

tacean Research and contribution No. 547

of the Smithsonian Marine Station at Ft.

Pierce, Florida.

Literature Cited

Abele, L. G., & W. Kim. 1986. An illustrated guide to

the marine decapod crustaceans of Florida.

—

State of Florida Department of Environmental

Regulation Technical Series, Vol. 8, no. 1 (in 2

parts). 760 p.

Abele, L. G., & W. Kim. 1989. The decapod crusta-

ceans of the Panama Canal.—Smithsonian Con-

tributions to Zoology 482:1-50.

Bakker, C. de, M. Montu, K. Anger, & L. L. Fernan-

des. 1989. Larval development of Hexapano-

peiis schmitti Rathbun, 1930 (Decapoda, Brach-

yura, Xanthidae) reared in the laboratory.

—

Neritica 4:137-164.

Benedict, J. E., & M. J. Rathbun. 1891. The genus

Panopeus.—Proceedings of the U.S. National

Museum 14:355-385, plates 19-24.

Camp, D. K., N. H. Whiting, & R. E. Martin. 1977.

Nearshore marine ecology at Hutchinson Island,

Florida: 1971-1974. V. Arthropods.—Florida

Marine Research Publications, Department of

Natural Resources 25:i, 1-63.

Camp, D. K., W. G. Lyons, & T. H. Perkins. 1998.

Checklists of selected shallow-water marine in-

vertebrates of Florida.—Florida Marine Re-

search Institute Technical Report TR-3. Florida



450 PROCEEDINGS OF THE BIOLOGICAL SOCIETY OF WASHINGTON

Department of Environmental Protection, 1998:

i-xv, 1-238.

Clark, R E, & A. M. Al-Aidaroos. 1996. The first zo-

eas of Actaeodes hirsutissimus (Ruppell, 1830)

and A. tomentosus (H. Milne Edwards, 1834)

(Crustacea: Decapoda: Brachyura: Xanthidae:

Actaeinae).—Journal of King Abdulaziz Uni-

versity Marine Sciences 7, Special Issue: Sym-

posium on the Red Sea Marine Environment:

207-214.

Clark, P E, D. K. Calazans, & G. W. Pohle. 1998.

Accuracy and standardization of brachyuran lar-

val descriptions.—Invertebrate Reproduction

and Development 33:127-144.

Clark, P E, & B. S. Galil. 1998. The first stage zoea

of Pseudoliomera speciosa (Dana, 1852) (Crus-

tacea, Decapoda, Brachyura, Xanthidae).

—

Zoosystema 20:193-200.

Clark, R F, & P K. L. Ng. 1998. The larval devel-

opment of the poisonous mosaic crab, Lopho-

zozymous pictor (Fabricius, 1798) (Crustacea,

Decapoda, Brachyura, Xanthidae, Zosiminae),

with comments on familial characters for first

stage zoeas.—Zoosystema 20:201-220.

Edmondson, C. H. 1931. New crustaceans from Kauai,

Oahu, and Maui. Bernice P. Bishop Museum
Occasional Papers 9(1 7): 1-1 8.

Felder, D. L. 1973. An annotated key to crabs and

lobsters (Decapoda, Reptantia) from coastal wa-

ters of the northwestern Gulf of Mexico.—Cen-

ter for Wetland Resources, Louisiana State Uni-

versity, Baton Rouge, 103 p.

Felder, D. L., & A. H. Chaney. 1979. Decapod crus-

tacean fauna of Seven and One-half Fathom

Reef, Texas: species composition, abundance,

and species diversity.—Contributions in Marine

Science 22:1-29.

Felder, D. L., J. W Martin, & J. W. Goy. 1985. Patterns

in early postlarval development of decapods. In

A. M. Wenner (ed.). Larval Growth, vol. 2 of

E Schram (ed.). Crustacean Issues. Pp. 163-

225. Balkema Press, Rotterdam.

Ferreira, A. C, & C. Sankarankutty. 1997. Extension

of the range of distribution of Panopeus mira-

floresensis Abele & Kim (Crustacea: Decapoda:

Xanthidae).—Nauplius 5:155-157.

Forest, J., & D. Guinot. 1961. Crustaces Decapodes

Brachyoures de Tahiti et des Tuamotu. Expe-

dition Frangaise sur les recifs coralliens de la

Nouvelle-Caledonie. Volume Preliminaire

—

Editions de la Fondation Singer-Polignac, Paris:

1-195, 18 plates.

Fransozo, A. 1987. Desenvolvimento larval de Eriphia

gonagra (Fabricius, 1781) (Decapoda, Xanthi-

dae), em laboratorio.—Revista Brasileira Zool-

ogia 4:165-179.

Fransozo, A., M. L. Negreiros-Fransozo, J. W. Martin,

& S. E. Trautwein. 2001. Morphology of the

first zoeal stage of Platypodiella spectabilis

(Herbst, 1794) (Decapoda, Brachyura, Xanthi-

dae) obtained in the laboratory.—Gulf and Ca-

ribbean Research 13:79-85.

Fransozo, A., E L. M. Mantelatto, & M. L. Negreiros-

Fransozo. 1990. Larval development of Hexa-

panopeus paulensis Rathbun, 1930 (Crustacea,

Brachyura, Xanthidae) under laboratory condi-

tions.—Revista Brasileira Zoologia 7:31-45.

Garth, J. S. 1961. Part 2: Brachygnatha Brachyrhyn-

cha. In Eastern Pacific expeditions of the New
York Zoological Society, XLV: Non-intertidal

brachygnathous crabs from the west Coast of

Tropical America.—Zoologica (New York) 46:

133-159, 1 plate.

Garth, J. S. 1991. Taxonomy, distribution, and ecology

of Galapagos Brachyura. Pp. 123-145 in M. J.

James (ed.), Galapagos Marine Invertebrates.

—

Topics in Geobiology, vol. 8, Plenum Press,

New York.

Gore, R. H., L. E. Scotto, & L. J. Becker. 1978. Com-
munity composition, stability, and trophic par-

titioning in decapod crustaceans inhabiting

some subtropical sabellariid worm reefs.—Bul-

letin of Marine Science 28:221-248.

Gore, R. H., C. L. Van Dover, & K. A. Wilson. 1981.

Studies on decapod Crustacea from the Indian

River region of Florida. XX. Micropanope bar-

badensis (Rathbun, 1921): the complete larval

development under laboratory conditions

(Brachyura, Xanthidae).—Journal of Crusta-

cean Biology 1:28-50.

Guinot, D. 1967. Recherches preliminaires sur les

groupements naturels chez les Crustaces Deca-

podes Brachyoures III. A propos des affinites

des genres Dairoides Stebbing et Daira de

Haan.—Bulletin du Museum national d'Histoire

naturelle, 2e Serie 39:540-563.

Guinot, D. 1978. Principes d'une classification evolu-

tive des Crustaces Decapodes Brachyoures.

—

Bulletin Biologique de le France et de la Bel-

gique (n. s.) 112:211-292.

Lebour, M. 1944. Larval crabs from Bermuda.—Zool-

ogica (New York) 29:113-128.

Lemaitre, R. 1981. Shallow-water crabs (Decapoda,

Brachyura) collected in the southern Caribbean

near Cartagena, Colombia.—Bulletin of Marine

Science 31:234-266.

Lemaitre, R., & R. Alvarez Leon. 1992. Crustaceos

decapodos del Pacifico colombiano: Lista de es-

pecies y consideraciones zoogeograficas.—An-

ales del Instituto de Investigaciones Marinas,

Punta Betin 21:33-76.

Markham, J. C, & J. J. McDermott. 1981. A tabulation

of the Crustacea Decapoda of Bermuda. Pro-

ceedings of the Biological Society of Washing-

ton 83(4): 1266-1276.

Martin, J. W. 1984. Notes and bibliography on the lar-



VOLUME 116, NUMBER 2 451

vae of xanthid crabs, with a key to the known

xanthid zoeas of the western Atlantic and Gulf

of Mexico.—Bulletin of Marine Science 34:

220-239.

Martin, J. W. 1988. Phylogenetic significance of the

brachyuran megalopa: evidence from the Xan-

thidae.—Symposia of the Zoological Society of

London 59:69-102.

Martin, J. W., & L. G. Abele. 1986. Notes on the male

pleopod morphology in the brachyuran crab

family Panopeidae Ortmann, 1893, sensu Guin-

ot (1978) (Decapoda).—Crustaceana 50:182-

198.

Martin, J. W., & G. E. Davis. 2001. An updated clas-

sification of the Recent Crustacea.—Science Se-

ries 39, Natural History Museum of Los An-

geles County.

Martin, J. W., D. L. Felder, & E M. Truesdale. 1984.

A comparative study of morphology and ontog-

eny in juvenile stages of four western Atlantic

xanthoid crabs (Crustacea: Decapoda: Brach-

yura).—Philosophical Transactions of the Royal

Society of London, series B, 303:537-604.

Martin, J. W., E M. Truesdale, & D. L. Eelder. 1985.

Larval development of Panopeus bermudensis

Benedict and Rathbun, 1891 (Brachyura, Xan-

thidae) with notes on zoeal characters in xanthid

crabs.—Journal of Crustacean Biology 5:84-

105.

McLeay, W. S. 1838. On the Bachyurous decapod

Crustacea brought from the Cape by Dr. Smith

[included within Illustrations of the Annulosa of

South Africa]. Pp. 53-72, plate 3 in A. Smith,

vol. V, Illustrations of the Zoology of South Af-

rica, Invertebratae.

Melo, G. A. S. 1998. Malacostraca—Eucarida. Brach-

yura. Oxyrhyncha and Brachyrhyncha. Pp. 455-

515 in Young, P. S. (ed.), Cataloge of Crustacea

of Brazil. Museu Nacional (Serie Livros no. 6),

Rio de Janeiro, Brazil.

Miers, E. J. 1886. Report on the Brachyura collected

by H. M. S. Challenger during the years 1873-

76.—Report on the scientific results of the voy-

age of H. M. S. Challenger, Zoology 17(49): 1-

362, plates 1-29.

Milne-Edwards, A. 1881. Description de quelques

Crustaces Macroures provenant des grandes

profondeurs de la mer des Antilles.—Annales

Sciences Naturelles, series 6, Zoologie 11(4):1-

16.

Milne Edwards, H. 1834. Histoire naturelle des Crus-

taces, comprenant 1' anatomic, la physiologic et,

la classification de ces animaux. Vol. 1, xxxv +

468 p., Paris.

Monod, Th. 1956. Hippidea et Brachyura ouest-afri-

cans. Memoires de I'lnstitut Fran^ais d'Afrique

Noire 45:1-674.

Montu, M., K. Anger, C. de Bakker, V. Anger, & L.

L. Fernandes. 1988. Larval development of the

Brazilian mud crab Panopeus austrobesus Wil-

liams, 1983 (Decapoda: Xanthidae) reared in

the laboratory.—Journal of Crustacean Biology

8:594-613.

Ortmann, A. 1893. Abtheilung: Brachyura (Brachyura

genuina Boas), II. Unterabtheilung: Cancroidea,

2. Section: Cancrinea, 1. Gruppe: Cyclometopa.

Die Decapoden-Krebse des Sttrassburger Mu-
seums, mit besonderer Beriicksichtigung der

von Herrn Dr. Doderlein bei Japan und bei den

Liu-Kiu-Inseln gesammelten und zur Zeit im

Strassburger Museum aufbewahrten Eormen,

VII. Theil.—Zoologische Jarbiicher, Abtheilung

fiir Systematik, Geographic und Biologic der

Thiere 7:411-495, plate 17.

Powers, L. 1977. A catalogue and bibliography to the

crabs (Brachyura) of the Gulf of Mexico.

—

Contributions in Marine Science 20(supple-

ment): 1-190.

Rathbun, M. J. 1898. The Brachyura of the biological

expedition to the Florida Keys and the Bahamas

in 1893.—Bulletin from the Laboratories of

Natural History of the State University of Iowa

4(3):250-294, plates 1-9.

Rathbun, M. J. 1901. The Brachyura and Macrura of

Porto Rico.—Bulletin of the United States Fish

Commission for 1900 20(2): 1-137.

Rathbun, M. J. 1930. The cancroid crabs of America

of the families Euryalidae, Portunidae, Atele-

cyclidae, Cancridae, and Xanthidae.—Bulletin

of the U.S. National Museum 152:1-609.

Rathbun, M. J. 1933. Brachyuran crabs of Porto Rico

and the Virgin Islands. In Scientific Survey of

Porto Rico and the Virgin Islands.—New York

Academy of Sciences 15(1):1-121.

Rice, A. L. 1 980. Crab zoeal morphology and its bear-

ing on the classification of the Brachyura.

—

Transactions of the Zoological Society of Lon-

don 35:271-424.

Rodriguez, A., & E. D. Spivak. 2001. The larval de-

velopment of Panopeus margentus (Decapoda:

Brachyura: Panopeidae) reared in the laborato-

ry.—Journal of Crustacean Biology 21:806-

820.

Rodrigues, M. D. 1997. Desenvolvimento larval e ju-

venil de Panopeus rugosus A. Milne Edwards

1889 e de Hexapanopeus heblingi sp. n. e de-

senvolvimento juvenil de Panopeus occidental-

is Saussure, 1857 (Crustacea, Decapoda, Xan-

thidae) em laboretorio. Departamento de Zool-

ogia, Universidade Federal do Parana (Brasil),

pp. 1-153.

Rodrigues, M. D., & J. de Loyola e Silva. 1998. Des-

crigao de Hexapanopeus heblingi sp. n. (Crus-

tacea, Decapoda, Brachyura, Xanthidae) do lit-

toral Brasileiro.—Revista Brasileira Zoologia

15:261-271.



452 PROCEEDINGS OF THE BIOLOGICAL SOCIETY OF WASHINGTON

Salgado Barragan, J., & M. E. Hetidrickx. 1997. Deca-

pod crustaceans from the Pacific coast of Mex-

ico, including new records and taxonomic re-

marks.—Revista de Biologia Tropical 45:680-

683.

Sankarankutty, C, & R. B. Manning. 1997. Observa-

tions on Hexapanopeus schmitti Rathbun from

Brazil (Crustacea: Decapoda: Xanthidae).

—

Proceedings of the Biological Society of Wash-

ington 110:249-255.

Schubart, C. D., J. E. Neigel, & D. L. Felder. 2000.

Molecular phylogeny of mud crabs (Brachyura:

Panopeidae) from the northwestern Atlantic and

the role of morphological stasis and conver-

gence.—Marine Biology 137:11-18.

Stimpson, W. 1859. Notes on North American Crus-

tacea, 1.—Annals of the Lyceum of Natural

History of New York 7:49-93 [1-47], 1 plate.

Verrill, A. E. 1908. Decapoda Crustacea of Bermuda,

part I. Brachyura and Anomura, their distribu-

tion, variations, and habits.—Transactions of

the Connecticut Academy of Arts and Sciences

13:299-474, plates 9-28.

Williams, A. B. 1984a. The mud crab Panopeus herbs-

tii, s.l. Partition into six species (Decapoda:

Xanthidae).—Fishery Bulletin 81(4, for 1983):

863-882.

Williams, A. B. 1984b. Shrimps, lobsters, and crabs of

the Atlantic coast of the eastern United States,

Maine to Florida. Smithsonian Institution Press,

Washington, D.C., xvii -I- 550 pp.

Williams, A. B., & E. Boschi. 1990. Panopeus mar-

gentus, a new crab from the Argentine warm
temperate subregion (Decapoda: Xanthidae).

—

Proceedings of the Biological Society of Wash-

ington 103(3):598-601.



PROCEEDINGS OF THE BIOLOGICAL SOCIETY OF WASHINGTON
116(2):453-463. 2003.

A new species of Pseudopaguristes McLaughlin, 2002

(Crustacea: Decapoda: Diogenidae) from Japan

Akira Asakura and Patsy A. McLaughlin
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Chiba 260-8682, Japan;

(PM) Shannon Point Marine Center, Western Washington University, 1900 Shannon Point Road,

Anacortes, Washington 98221-9081B, U.SA.

Abstract.—Pseudopaguristes bollandi, a new species of the recently estab-

lished diogenid genus Pseudopaguristes McLaughlin, is described and illus-

trated from Okinawa, Japan. This is only the second species assigned to this

genus.

A distinctive and unfamiliar hermit crab

from Okinawa was recently send to the first

author for identification. This specimen su-

perficially looked very much like a species

of the diogenid genus Paguristes Dana,

1851, particularly in having paired first and

second pleopods modified as gonopods.

However, the right cheliped was larger than

the left, a character uncommon in species

of that genus. Further examination revealed

a gill formula aberrant for Paguristes.

McLaughlin (2002) recently established

the new genus Pseudopaguristes, for P. ja-

netkae McLaughlin, 2002, a brilliantly col-

ored and strikingly sexually dimorphic spe-

cies from Guam, Micronesia. Females of

Pseudopaguristes could easily be assigned

to the genus Paguristes, because the cheli-

peds are similar in size and armature, a char-

acter commonly seen in Paguristes. How-
ever, the males differ appreciably in having

chelipeds quite dissimilar in armature, with

the right largest. McLaughlin reported that

males and females of Pseudopaguristes

share with Paguristes the distinctive char-

acter of sexually modified pleopods. How-
ever, Pseudopaguristes janetkae has only

eight functional pairs of gills, whereas Pa-

guristes species have 13 pairs. In Pseudo-

paguristes janetkae, the paired arthrobranchs

at the base of the third maxillipeds and che-

Upeds are rudimentary or vestigial, and there

is no pleurobranch on the thoracic wall

above the second pereopod. The specimen

from Okinawa clearly belongs to Pseudo-

paguristes and represents a new species de-

scribed herein. The holotype is deposited in

the Natural History Museum and Institute,

Chiba (CBM-ZC). Terminology used fol-

lows McLaughlin (1974) with the exception

of the fourth pereopods as defined by

McLaughlin (1997), and gill structure as de-

fined by McLaughlin & de Saint Laurent

(1998). Abbreviations used are; coll., collec-

tor; and SL, shield length, measured from

the tip of the rostral lobe to the posterior

margin of the shield.

Pseudopaguristes bollandi, new species

Figs. 1-8

Material examined.—Holotype: male,

SL = 3.2 mm, 69 m, Seragaki, Onna-son,

Kunigami-gun, Okinawa-hontow, 14 Aug
2000, coll. R. F Holland, CBM-ZC 6442.

Description.—Eight functional pairs of

weakly quadriserial, phyllobranchiate gills

(Fig. lA, B). Shield (Fig. IC) 1.2 times lon-

ger than broad; anterior margin between

rostrum and lateral projections concave; lat-

eral projections (Fig. ID) triangular, right

with small, submarginal, corneous spine,

left unarmed; anterolateral angles (Fig. IE)

each with strong corneous spine (not visible
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Fig. L Pseudopaguristes bollandi, new species, holotype male (CBM-ZC 6442), SL = 3.2 mm, Seragaki,

Onna-son, Kunigami-gun, Okinawa-hontow. A, arthrobranch gill lamella; B, position and shape of gills; C,

shield and cephalic appendages; D, ocular acicles and anterior portion of shield; E, right lateral view of ocular

peduncle, antenna and anterior portions of branchiostegite and shield; F, left antennule, lateral view; G, left

antenna, lateral view; H, antennal flagellum. Scales equal 0.33 mm (A) and 1 mm (B-H).
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Fig. 2. Pseudopaguristes bollandi, new species, holotype male (CBM-ZC 6442), SL = 3.2 mm, Seragaki,

Onna-son, Kunigami-gun, Okinawa-hontow. Left mouthparts: A, mandible, external; B, maxillule, external; C,

same, endopod; D, maxilla, internal; E, first maxilliped, internal; F, second maxilliped, external; G, third max-

illiped, external; H, ischium and basis of same, internal. Scales equal 1 mm.

in dorsal view); lateral margins straight;

posterior margin truncate; dorsal surface

slightly convex, with scattered tufts of short

setae and 1 or 2 short ridges laterally. Ros-

trum (Fig. ID) prominent, triangular, pro-

duced beyond bases of ocular acicles, with

terminal corneous spine. Accessory por-

tions of shield (Fig. IC) small, well calci-

fied, unarmed. Branchiostegites (Fig. IE)

partially calcified anterodorsally, with row
of acute, slender spines, several corneous-

tipped, on dorsodistal and anterodorsal mar-

gins.

Ocular peduncles (Fig. IC) moderately

short, 0.6 length of shield. Corneas (Fig.

IC, E) very slightly dilated. Ocular acicles

(Fig. ID) with 2 (right) or 3 (left) strong

corneous spines on distal margin; separated

basally by more than breadth of rostrum.

Antennular peduncles (Fig. IC, F) stout;

when fully extended, distal margins of ul-

timate segments very slightly exceeding

distal margins of corneas; ultimate and pen-

ultimate segments each with tuft of setae

dorsodistally; basal segment with acute

spine laterally.

Antennal peduncles (Fig. IC-E, G) mod-

erately long, when fully extended, reaching

bases of corneas; fifth segment with row of

setae dorsally and laterally; fourth segment
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Fig. 3. Pseudopaguristes boUandi, new species, holotype male (CBM-ZC 6442), SL = 3.2 mm, Seragaki,

Onna-son, Kunigami-gun, Okinawa-hontow. Right cheliped: A, dorsal; B, mesial; C, lateral; D, dactyl and fixed

finger, ventral; E, fixed finger, dorsal. Scales equal 1 mm.

with strong corneous spine at dorsodistal gle produced, bearing 3 strong corneous

margin and another corneous spine at ven- spines, dorsomesial distal angle with acute

trodistal margin; third segment with prom- corneous spine; first segment unarmed. An-

inent corneous spine at ventrodistal margin; tennal acicles moderately long, straight; lat-

second segment with dorsolateral distal an- erally compressed; dorsomesial and ventro-
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Fig. 4. Pseudopaguristes bollandi, new species, holotype male (CBM-ZC 6442), SL = 3.2 mm, Seragaki,

Onna-son, Kunigami-gun, Okinawa-hontow. Left cheliped: A, dorsal; B, mesial; C, lateral; D, anterior portions

of dactyl (tip broken) and fixed finger, dorsal; E, same, ventral. Scales equal 1 mm.

mesial margins each with row of corneous-

tipped slender spines; distal margins each

with 3 strong corneous spines; lateral mar-

gins each with strong, subdistal corneous

spine. Antennal flagella (Fig. IH) consist-

ing of about 15 articles, each article with

several setae of various lengths.

Mandible (Fig. 2A) without distinguish-

ing characters. Maxillule (Fig. 2B, C) with

external lobe of endopod recurved, internal

lobe with 2 bristles. Maxilla (Fig. 2D) with

moderately narrow scaphognathite. First

maxilliped (Fig. 2E) with well developed,

setose epipod. Second maxilliped (Fig. 2F)

without distinguishing characters. Third

maxilliped (Figs. 2G, H, 7A) with dorso-

distal margin of carpus bearing acute cor-

neous spine; merus with ventral margin

bearing row of slender corneous-tipped

spines, and dorsodistal margin bearing
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acute corneous spine; ischium with well-de-

veloped crista dentata, no accessory tooth,

strong corneous spine at ventrodistal mar-

gin; basis with few corneous spines.

Right cheliped (Fig. 3) larger than left.

Dactyl 0.4 length of palm; terminal margin

slightly convex, with very broad corneous

claw (Fig. 3D); dorsal face flat, with scat-

tered tubercles; cutting edge with 1 strong

and 4 broad, low calcareous teeth. Fixed

finger terminating in small corneous-claw

(Fig. 3E); ventral face with row of 3 cor-

neous tubercles (Fig. 3D); dorsal face flat,

with scattered tubercles; cutting edge with

7 strong calcareous teeth. Palm 1.5 length

of carpus; dorsal surface flat, with scattered

tubercles; dorsomesial margin with row of

very strong spines; dorsolateral margin with

row of spines. Carpus 0.6 length of merus;

dorsal face with scattered spines, dorsolat-

eral and dorsomesial margins each with row
of very strong spines. Merus with numerous

spines, some corneous-tipped, on distal half

of dorsal face; ventromesial margin with

strong corneous or corneous-tipped spines;

ventrolateral margin with row of spines or

tubercles. Coxa (Fig. 7B) with strong cor-

neous spine ventromesially.

Left cheliped (Fig. 4) with armature

much weaker than right. Dactyl (terminal

portion broken off) (Fig. 4D, E) with dorsal

face flat, bearing few tubercles; cutting

edge generally straight. Fixed finger termi-

nating in broad corneous claw (Fig. 4D, E);

dorsal face flat, with few tubercles; cutting

edge with small, blunt calcareous teeth.

Palm 1.3 length of carpus; dorsal surface

flat, with scattered tubercles, dorsomesial

margin with row of strong spines, dorsolat-

eral margin with row of spines, some cor-

neous-tipped. Carpus 0.5 length of merus;

dorsal face with scattered spines, several

corneous-tipped; ventrolateral and ventro-

mesial margins each with row of spines.

Merus with numerous spines, most corne-

ous-tipped on dorsal face; ventromesial

margin with row of spines, subdistal spine

sharp; ventrolateral margin with row of

spines. Ischium (Fig. 4B) with row of small

spines and sparse setae on ventromesial

margin. Coxa (Fig. 7B) with strong corne-

ous spine ventromesially.

Second pereopods (Fig. 5A-C) similar

from left to right. Dactyls 1 . 1 length of pro-

podi, each terminating in strong corneous

claw; mesial faces each with row of cor-

neous or corneous-tipped spines dorsally

(Fig. 5B); ventral margins each with row of

9 (left) or 10 (right) strong corneous spines.

Propodi 1.8 length of carpi, each with row
of 10 (left) or 12 (right) strong corneous

spines on dorsal margin and 1 (right) or 2

(left) acute corneous spines at ventromesial

distal margin (Fig. 5B). Carpi 0.6 length of

meri, each with strong, corneous-tipped,

slender spine at dorsodistal angle and row
of 5 (left) or 4 (right) slender, corneous-

tipped spines on dorsal face mesially (Fig.

5C). Meri with ventral margins each bear-

ing acute subdistal spine and row of slender

corneous-tipped spines; dorsal margins

each with proximal row of corneous-tipped

spines. Ischia each with few, slender cor-

neous-tipped spines dorsally. Coxae (Fig.

7B) unarmed.

Third pereopods (Fig. 6A, B) similar

from left to right. Dactyls 1 . 1 length of pro-

podi, each terminating in strong corneous

claw; mesial faces each with row of small

corneous spines ventrally (Fig. 6B); dorsal

margins unarmed; ventral margins each

with row of 10 (left) or 11 (right) strong

corneous spines. Propodi 1.6-1.7 length of

carpi; dorsal faces unarmed; acute corneous

spine at each ventromesial distal angle (Fig.

6B). Carpi 0.6 length of meri, each with

strong, corneous-tipped slender spine at

dorsodistal angle; other portions unarmed.

Meri with ventral margins each bearing

small, subdistal corneous spine; dorsal mar-

gins each with row of corneous spines. Is-

chia each with few slender, corneous-tipped

spines dorsally and acute corneous spine

ventrally. Coxae (Fig. 7B) unarmed.

Sternite of third pereopods (Fig. 7B) with

anterior lobe rectangular, unarmed.

Fourth pereopod (Fig. 6C, D) subchelate.

Dactyl terminating in strong corneous claw;
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Fig. 5. Pseudopaguristes bollandi, new species, holotype male (CBM-ZC 6442), SL = 3.2 mm, Seragaki,

Onna-son, Kunigami-gun, Okinawa-hontow. A, second right pereopod, lateral; B, dactyl and distal portion of

propodus of same, mesial; C, carpus of same, mesial; D, left uropod; E, right uropod; F, telson, dorsal; G,

posterior lobes of same, ventral. Scales equal 1 mm.

no preungual process; ventral face with 2

corneous spines slightly laterally. Propodal

rasp with 2 rows of corneous scales. Carpus

with large dorsodistal spine directed slight-

ly mesially; ventral face with long, simple

setae and clump of long capsulate setae

(Fig. 6D).

Fifth pereopod (Fig. 6E) chelate; dactyl

and propodus with well-developed rasps;

carpus with dorsodistal spine.

Male first pleopods (Fig. 7B-D) paired,

modified as gonopods; basal lobe bearing

few setae at superior mesial angle; inferior

lamella with distal margin bearing row of

short, hooked spines, and lateral margin

with row of setae; internal lobe with row of

setae on mesial margin; external lobe dis-

tinctly exceeding inferior lamella in distal

extension. Second pleopods (Fig. 7B, E, F)

paired, modified as gonopods; basal seg-
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Fig. 6. Pseudopaguristes bollandi, new species, holotype male (CBM-ZC 6442), SL = 3.2 mm, Seragaki,

Onna-son, Kunigami-gun, Okinawa-hontow. A, third right pereopod, B, dactyl and distal portion of propodus

of same, mesial; C, fourth right pereopod, lateral; D, carpus and ventral setae of same, mesial; E, fifth right

pereopod. Scales equal 1 mm (A-C, E) and 0.5 mm (D).

ment naked; endopod with several long se-

tae; appendix masculina strongly twisted;

lateral and distal margins and inferior face

with moderately long setae. Third (Fig. 7G)

to fifth left pleopods each with exopod well

developed, endopod reduced.

Uropods (Fig. 5D, E) asymmetrical, left

larger than right; rasps of exopods and en-
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Fig. 7. Pseudopaguhstes bollandi, new species, holotype male (CBM-ZC 6442), SL = 3.2 mm. Seragaki,

Onna-son, Kunigami-gun, Okinawa-hontow. A, third maxillipeds, ventral; B, ventral view of cephalothorax and

anterior portion of abdomen; C, first pleopod, external; D, first pleopod, internal; E, second pleopod, external;

F, second pleopod, internal; G, third pleopod. Scales equal 1 mm (A, B, G) and 0.2 mm (C-F).

dopods well developed; protopods each

with row of spines posteriorly.

Telson (Fig. 5F, G) with lateral constric-

tions; anterior portion unarmed; posterior

lobes separated by moderately deep median

cleft, left lobe larger than right, terminal

margins fringed with spines.

Color in life.—Shield white; antennular

flagella yellow; antennal flagella with alter-

native red and white bands; antennular, oc-
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RFB#3814-D ^

Fig. 8. Pseudopaguristes bollandi, new species: holotype male (CBM-ZC 6442), SL = 3.2 mm, Seragaki,

Onna-son, Kunigami-gun, Okinawa-hontow. Photo by Robert F. Bolland.

ular and antennal peduncles red; corneas

yellow; second and third maxillipeds, che-

lipeds and second and third pereopods uni-

form red (Fig. 8).

Etymology.—This species is named for

Professor Robert F. Bolland who collected

the specimen.

Distribution.—Known only from the

type locality.

Remarks.—Morphologically, P. bollandi

new species is quite similar to P. janetkae

but minor differences are seen between

them. Although the general shapes of the

shield and cephalic appendages are quite

comparable between P. janetkae and P. bol-

landi, the majority of the spines of P. ja-

netkae lack the corneous tips found in P.

bollandi. That the dorsal surfaces of the

chelae are provided with spines in P. ja-

netkae but only tubercles in P. bollandi

may be diagnostic, or may be attributable

to intraspecific variations, such as observed

in many hermit crab species. However, with

so few specimens known it is not possible

to evaluate variability. The minor differenc-

es in the armature of the ambulatory legs

and telson seen in the males of these species

may also reflect simple variability. One dis-

tinct difference between these two species

is seen in the dactyls of the fourth pereo-

pods. In P. janetkae a very prominent

preungual process is developed at the base

of the claw, giving the dactyl a quasi-che-

late appearance. No preungual process is

present in the holotype and only known
specimen of P. bollandi.

Despite their general similarities in mor-

phology, the two species are readily distin-

guished in life by differences in coloration

of the ambulatory legs. These appendages

are uniformly red in P. bollandi, whereas

the carpi, propodi and dactyls of P. janetkae
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are light cream, tinged with yellow. Differ-

ences in color of the ocular and antennal

peduncles also have been observed. The pe-

duncles of both are similarly uniform red in

P. bollandi, while those of P. janetkae are

cranberry-red proximally, but yellow-or-

ange in the distal 0.7 of the ocular pedun-

cles and yellow in the distal three segments

of the antennal peduncles.

The morphology of the female of P. bol-

landi is unknown.
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Abstract.—The discovery of two new species, Enallopagurus provenzanoi,

and Enallopaguropsis williamsi, has required an addendum and concluding part

to the revisionary study of the ''Pylopagurus-Tomopagurus'' group of geneta.

The diagnoses of Enallopagurus McLaughlin and Enallopaguropsis Mc-
Laughlin, are emended, and a corrected key to the genera is provided. The
discovery of additional specimens of Phimochirus randalli (Provenzano) from

the Gulf of Mexico has provided supplemental information on the morphology,

color, and distribution of this uncommon species; it is rediagnosed and illus-

trated. Also provided is a summary of the original taxonomic assignments in

part 1 (published in 1981) of this revisionary study, and the subsequent chang-

es, corrections, deletions, and additions that have occurred since then. An up-

dated list of the 13 genera, two subgenera, and 64 valid species currently

recognized in the ''Pylopagurus-Tomopagurus'' group, is presented.

McLaughlin (1981a) proposed the new
genera Enallopagurus McLaughlin, 1981a

and Enallopaguropsis McLaughlin, 1981a,

for five relatively uncommon eastern Pacif-

ic hermit crab species that had been includ-

ed by earlier authors in the genus Pylopa-

gurus A. Milne-Edwards & Bouvier, 1891.

To Enallopagurus, McLaughlin (1981a) as-

signed Pylopagurus ajfinis Faxon, 1893, P.

coronatus (Benedict, 1892), and P. spini-

carpus Glassell, 1938; Enallopaguropsis

included P. guatemoci Glassell, 1937, and

Pylopagurus hancocki Walton, 1954. One
of the primary characters that McLaughlin

(1981a) used to differentiate between En-

allopagurus and Enallopaguropsis was the

rows of scales on the propodal rasp of the

fourth pereopod. In a subsequent, more de-

tailed account of these two genera, Mc-
Laughlin (1982) placed Enallopaguropsis

hancocki in synonymy with E. guatemoci

and added the new species E. janetae

McLaughlin, 1982. In the present adden-

dum and concluding part of the revision of

the ''Pylopagurus-Tomopagurus'' group of

genera, two new species, one each of En-

allopagurus, and Enallopaguropsis, are de-

scribed.

Recent sampling off the Louisiana coast

in the northern Gulf of Mexico has yielded

a number of additional specimens of Phi-

mochirus randalli (Provenzano, 1961), a

species discussed by McLaughlin (1981b)

and at the time known only from the Ba-

hamas Islands and Caribbean region. Ex-

amination of these Gulf of Mexico speci-

mens revealed a number of morphological

details that complement previous defini-

tions of P. randalli. Furthermore, Proven-

zano's (1961:161) color description was in-

complete as it was based on faded, pre-

served specimens, whereas for this study



VOLUME 116, NUMBER 2 465

live specimens from the Gulf of Mexico

were available and photographed (D. L.

Felder, pers. comm.). Phimochirus randalli

is herein rediagnosed, and illustrated.

Since the publication of part 1 (Mc-

Laughlin 1981a) of the six-part revisionary

study of the ''Pylopagurus-Tomopagurus'"

group of genera, several new species have

been added that have necessitated emenda-

tions of generic diagnoses, and two new
genera have been erected. Some of the tax-

onomic assignments made in part 1 have

been changed in light of new evidence

gleaned from direct examination of type ma-

terials not initially available. In some cases,

new morphological discoveries, such as the

existence of short sexual tubes in some spe-

cies of Pylopagurus sensu stricto (see

McLaughlin & Lemaitre 2001), or the ex-

istence of short protrusions of the vas defer-

entia in the form of tubular papillae in Agar-

icochirus McLaughlin, 1981a, Enallopagu-

rus, and Enallopaguropsis (see McLaughlin

2003, this study), have required adjustments

to our concept of these genera. In the new
species of the latter two genera herein de-

scribed, the morphology of the terminal mar-

gin of the telson has been found to deviate

from the original generic diagnoses. As this

margin shape was used as a character in the

updated generic key provided by Mc-
Laughlin & Lemaitre (2001:480), that key

now requires corrections. Also, several taxa

have been synonymized since part 1 was

published, whereas Pylopagurus liochele

Barnard, 1947, a taxon tentatively assigned

in parts 1 and 2 (McLaughlin 1981a, 1981b)

to Phimochirus McLaughlin, 1981a, was

transferred by McLaughlin (1988) to Pagu-

rus Fabricius, 1775, a genus not considered

part of the ''Pylopagurus-Tomopagurus''

group. McLaughlin's (1981a) genus Austral-

eremus was reduced by de Saint Laurent &
McLaughlin (2000) to a subgenus of Lopho-

pagurus McLaughlin, 1981a. Thus, it was

felt useful to have in a single convenient

publication, a summary of the taxonomic as-

signments, changes, corrections, and addi-

tions that have occurred during the 21 +

years that have elapsed since the appearance

of part 1 of the revision of this group. There

are currently 13 genera, two subgenera, and

64 valid species known in this group (see

Table 1).

Materials used in this study are deposited

in the National Museum of Natural History,

Smithsonian Institution, Washington, D.C.

(USNM), and University of Louisiana at

Lafayette (ULLZ). The specimens of the

new species of Enallopagurus and Enallo-

paguropsis were collected by Dr. Anthony

J. Provenzano, Jr. aboard the RA^ John El-

liott Pillsbury, of the Rosenstiel School of

Marine and Atmospheric Science, Univer-

sity of Miami, Florida. The new material of

Phimochirus randalli was collected by Dr.

Darryl L. Felder aboard the RA^ Pelican,

of the Louisiana Universities Marine Con-

sortium, Cocodrie. The interpretation of the

ocular acicle is used in accordance with

Forest et al. (2000), rather than that of Boy-

ko & Harvey (1999). A single measure-

ment, shield length (si), measured from the

tip of the rostrum to the midpoint of the

posterior margin of the shield provides an

indication of animal size. Other abbrevia-

tions used are: ovig, ovigerous female; sta,

station.

Enallopagurus McLaughlin, 1981a

Pylopagurus: Walton, 1954:140 (in part).

—

Scanland & Hopkins, 1969:257 (in part)

[Not Pylopagurus A. Milne-Edwards &
Bouvier, 1891].

Enallopagurus yicLdiUghXm, 1981a:7; 1982:

843; 2003:122.

Emended diagnosis.—Eleven pairs of

biserial gills. Ocular acicle triangular or

subovate, usually with strong submarginal

spine. Sternite of third maxillipeds with

spine on either side of midline. Third max-

illipeds each with well-developed crista

dentata, 1 accessory tooth; merus with or

without dorsodistal spine. Maxillule with

internal lobe moderately well produced,

with 1 terminal bristle; external lobe weak-

ly produced.
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Table L—List of valid names of
'

'Pylopagurus-Tomopagurus' ' group of taxa.

Pylopagurus A. Mine-Edwards & Bouvier, 1891 sensu stricto

P. discoidalis (A. Milne-Edwards, 1880)

P. holmesi Schmitt, 1921

P. pattiae Lemaitre & Campos, 1993

P. macgeorgei McLaughlin & Lemaitre, 2001

P. gorei McLaughlin & Lemaitre, 2001

Lophopagurus (JLophopagurus) McLaughlin, 1981a

L. (L.)foresti McLaughlin & Gunn, 1992

L. (L.) lacertosus (Henderson, 1888)

L. (L.) nanus (Henderson, 1888)

L. (L.) nodulosus McLaughlin & Gunn, 1992

L. (L.) pumilus de Saint Laurent & McLaughlin (2000)

L. (L.) thompsoni (Filhol, 1885)

Lophopagurus (Australeremus) McLaughlin, 1981a

L. (A.) cookii (Filhol, 1883)

L. (A.) eltaninae McLaughUn & Gunn, 1992

L. (A.) cristatus (H. Milne Edwards, 1836)

L. (A.) kirkii (Filhol, 1883)

L. (A.) laurentae (McLaughlin & Gunn, 1992)

L. (A.) stewarti (Filhol, 1883)

L. (A.) triserratus (Ortmann, 1892)

Rhodochirus McLaughlin, 1981a

R. rosaceus (A. Milne-Edwards & Bouvier, 1893)

R. hirtimanus (Faxon, 1893)

Phimochirus McLaughlin, 1981a

P. operculatus (Stimpson, 1859)

P. californiensis (Benedict, 1892)

P. venustus (Bouvier, 1898)

P. roseus (Benedict, 1892)

P. randalli (Provenzano, 1961)

P. holthuisi (Provenzano, 1961)

P. occlusus (Henderson, 1888)

P. leurocarpus McLaughlin, 1981b

Haigia McLaughhn, 1981a

H. diegensis (Scanland & Hopkins, 1969)

Agaricochirus McLaughlin, 1981a

A. boletifer (A. Milne-Edwards & Bouvier, 1893)

A. alexandri (A. Milne-Edwards & Bouvier, 1893)

A. cavimanus (Chace, 1939)

A. erosus (A. Milne-Edwards, 1880)

A. gibbosimanus (A. Milne-Edwards, 1880)

A. hispidus (Benedict, 1892)

A. echinatus McLaughlin, 1982

A. acanthinus McLaughlin, 1982

Anisopagurus McLaughlin, 1981a

A. bartletti (A. Milne-Edwards, 1880)

A. pygmaeus (Bouvier, 1918)

A. vossi Lemaitre & McLaughlin, 1996

A. actinophorus Lemaitre & McLaughlin, 1996

A. hopkinsi Lemaitre & McLaughlin, 1996
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Table 1.—Continued.

Enallopagurus McLaughlin, 1981a

Enallopaguropsis McLaughlin, 1981a

Manucomplanus McLaughlin, 1981a

M. cervicornis (Benedict, 1892)

M. spimdosiis (Holthuis, 1959)

M. longiinanus (Faxon, 1893)

M. varians (Benedict, 1892)

M. ungidatus (Studer, 1883)

E. spinicarpus (Glassell, 1938)

E. affinis (Faxon, 1893)

E. coronatus (Benedict, 1892)

E. provenzanoi, new species

E. guatemoci (Glassell, 1937)

E. janetae McLaughlin, 1982

E. willianisi, new species

Tomopagurus A. Milne-Edwards & Bouvier, 1893

T. riibropimctanis A. Milne-Edwards & Bouvier, 1893

T. cokeri (Hay, 1917)

T. maclaughlinae Haig, 1976

T. cubensis (Wass, 1963)

T. wassi McLaughlin, 1981a

T. piirpuratus (Benedict, 1892)

T. meriinaculosus (Glassell, 1937)

T. chacei (Wass, 1963)

Protoniopagurus Lemaitre & McLaughlin, 1996

P. bioperculatus Lemaitre & McLaughlin, 1996

Pylopaguridium McLaughlin & Lemaitre, 2001

P. markhami McLaughlin & Lemaitre, 2001

Right cheliped with subovate or subrect-

angular chela. Left chehped with chela tri-

angular in cross-section, but dorsal surface

not elevated into prominent keel or crest.

Dorsodistal spine of carpi of second and

third pereopods lacking. Sternite of third

pereopods with subcircular, subovate or

subquadrate anterior lobe. Sternites of third

to fifth pereopods often with capsulate se-

tae. Fourth pereopod with propodal rasp

consisting of single row of corneous scales;

dactyl with small preungual process usually

present.

Males with paired gonopores, no distinct

sexual tubes but occasionally with vas de-

ferens protruded to form short tubular pa-

pilla, usually on right; without paired ple-

opods, with 3 uniramous or weakly bira-

mous left pleopods on somites 3-5. Fe-

males with paired gonopores, paired first

pleopods modified as gonopods, 4 unpaired

left pleopods, second to fourth with both

rami well-developed, fifth usually unira-

mous.

Uropods symmetrical or asymmetrical.

Telson without indication of division into

anterior and posterior portions; terminal

margin entire or with inconspicuous median

indentation, unarmed.

Remarks.—Vdixon (1893, 1895: pi. 12,

fig. 2e) reported that his single male spec-

imen of Pylopagurus affinis (= Enallopa-

gurus affinis) had the vas deferentia extrud-

ed as "small threads" from both gonopores.

McLaughlin (1982) reexamined Faxon's

(1893) specimen and concluded that while

there were slight protrusions, these were

more probably an artifact of preservation
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rather than actual, very small sexual tubes.

Since McLaughlin's (1982) study, our in-

formation on and understanding of sexual

tubes in the Paguridae has increased sub-

stantially. Among the ''Pylopagurus-To-

mopagurus'' group, species of Enallopa-

guropsis and Agaricochirus can also have

the vas deferentia protruded as tubular pa-

pillae, albeit not as a distinct sexual tube.

In other Paguridae, similar protrusions are

known to occur in genera such as Discor-

sopagurus McLaughlin, 1974, Paguritta

Melin, 1939, and Pagurus (see de Saint

Laurent 1970, McLaughlin & Lemaitre

1993, McLaughlin 2003). However, as re-

ported by McLaughlin & Lemaitre (2001),

short but distinct sexual tubes are present

in some species of Pylopagurus sensu stric-

to. Recently, McLaughlin & Jensen (1996)

found a very small sexual tube developed

on the right coxa of males of Parapaguro-

des hartae McLaughlin & Jensen, 1996,

and Komai (1998) provisionally transferred

two Japanese species formerly assigned to

Pagurus (P. gracilipes Stimpson, 1858 and

P. nipponensis Yokoya, 1933), to Parapa-

gurodes McLaughlin & Haig, 1973, be-

cause of the observed small sexual tubes in

males of both species.

McLaughhn (1981a, 1982) included Fax-

on's (1893) Pylopagurus afftnis in Enallo-

pagurus, despite the fact that Faxon de-

scribed the propodal rasp of the fourth pe-

reopod as "multiserial". The type specimen

has been reexamined, and Faxon's descrip-

tion and subsequent illustration (Faxon

1895: pi 12, fig. 2d) found to be in error;

the propodal rasp of the fourth pereopod ac-

tually has a single row of scales. This spe-

cies is retained in Enallopagurus, although

this generic assignment is still provisional

given that E. ajfinis is known only from the

male holotype.

Until the discovery of the new species of

Enallopagurus described herein, the genus

had been considered exclusively an eastern

Pacific taxon. Although the right cheliped

of this new species lacks the operculate-like

conformation seen in the other three species

assigned to the genus, the unarmed carpi of

the second and third pereopods, the single

row of scales on the propodal rasp of the

fourth pereopod, and the presence in fe-

males of paired first gonopods, support its

placement in the genus. The terminal mar-

gin of the telson in this new species of En-

allopagurus has a minute median indenta-

tion and is not clearly entire as described in

the original generic diagnosis (McLaughlin

1981a, 1982); thus, the need for the emen-

dation. An updated key to the species of

Enallopagurus is provided following the

description of this new species.

Enallopagurus provenzanoi, new species

Figs. 1, 2

Holotype.—Ovig. $ (si = 2.40 mm),
R/V John Elliott Pillsbury, sta 581,

21°05'N, 86°23'W, Arrowsmith Bank, 146-

265 m, 22 May 1967, USNM 1007525.

Paratype.— 1 6 in poor condition (si =

1.80 mm), same data as holotype, USNM
1007526.

Description.—Shield (Fig. la) longer

than broad; anterior margin between ros-

trum and lateral projections slightly con-

cave; anterolateral margins sloping; poste-

rior margin truncate, dorsal surface gla-

brous. Rostrum triangular, terminating

acutely. Lateral projections rounded, un-

armed.

Ocular peduncle approximately 0.65

length of shield, moderately stout, with cor-

nea slightly dilated; ocular acicles subtrian-

gular, each terminating subacutely, with

moderately well-developed submarginal

spine (not always visible in dorsal view);

separated basally by approximately basal

width of 1 acicle.

Antennular peduncle overreaching ocular

peduncle by 0.35-0.50 length of ultimate

segment; ultimate and penultimate seg-

ments unarmed; basal segment with small

spine on lateral face.

Antennal peduncle slightly shorter to

equaling length of ocular peduncle. Fifth

and fourth segments with scattered short se-
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Fig. 1.

—

Enallopagurus provenzanoi, new species, holotype ovig 9 (si = 2.40 mm), northwestern Caribbean,

R/V John Elliott Pillsbury, sta 581, USNM 1007525. a, shield and cephalic appendages, dorsal; b. right cheliped,

dorsal; c, chela of same, mesial; d, left cheliped, dorsal; e, chela of same, mesial; f, telson, dorsal. Scales equal

0.50 mm (a), 1.00 mm (b, c), and 0.5 mm (d-f).
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tae. Third segment with acute spine at ven-

trodistal angle. Second segment with dor-

solateral distal angle produced, terminating

in small spine; dorsomesial distal angle

with small spine. First segment produced

ventrally and with acute spine on ventro-

lateral margin. Antennal acicle moderately

short, reaching only to distal margin of

fourth peduncular segment. Flagellum long,

with 1 or 2 short setae every several arti-

cles.

Sternite of third maxillipeds with strong

spine on either side of midline.

Right cheliped (Figs, lb, c) elongate,

slender, overreaching left by length of dac-

tyl. Dactyl approximately 0.75 length of

palm, with row of small spines on proximal

half of dorsomesial margin, separated from

similar short row near cutting edge by shal-

low sulcus; cutting edge with 1 prominent

double tooth in proximal half and single

prominent tooth in distal half; mesial and

ventral surfaces with few short setae. Palm

exceeding carpus by approximately 0.20

own length; dorsal surface convex, un-

armed, but with sparse tufts of setae, dor-

somesial and dorsolateral margins not de-

limited; mesial, lateral and ventral surfaces

also with sparse tufts of setae; fixed finger

with row of low spines on dorsolateral mar-

gin and second row adjacent to cutting

edge; latter with 2 or 3 small and 1 large

broad calcareous teeth. Carpus slightly

shorter than merus, subtriangular; dorsome-

sial and dorsolateral margins not delimited,

surfaces unarmed but with scattered setae,

1 prominent spine on distomesial margin.

Merus triangular, margins and surfaces un-

armed, but with scattered short setae. Ischi-

um unarmed.

Left cheliped (Figs. Id, e) with dactyl ap-

proximately as long as palm; surfaces of

dactyl, fixed finger and palm all unarmed

but with sparse tufts of setae. Carpus only

slightly shorter than merus; surfaces of both

segments and ischium unarmed but with

scattered short to moderately long setae.

Second and third pereopods (Figs. 2a, b)

long and slender. Dactyls longer than pro-

podi; dorsal surfaces with few short setae;

ventral margins each with row of 10-12

corneous spines and few short setae. Pro-

podi approximately twice as long as carpi;

dorsal surfaces with few setae; ventral mar-

gins each with 3 or 4 corneous spines, lon-

gest on third pereopod. Carpi less than half

length of meri, unarmed, but with scattered

setae dorsally and ventrally. Meri and ischia

unarmed, but with dorsal and ventral sparse

tufts of setae.

Fourth pereopod (Fig. 2d) with small

preungual process on dactyl.

Sternite of third pereopods with reduced,

slender anterior lobe. Sternites of fourth and

fifth pereopods with capsulate setae (Fig.

2c). Telson (Fig. If) without indications of

division into anterior and posterior portions;

terminal margin broadly rounded, with in-

conspicuous median indentation, unarmed.

Color.—Overall body and appendage
color very pale yellow. Ocular peduncles

with white and yellow chromatophores and

dark red longitudinal stripe on ventromesial

and ventrolateral surfaces forming an elon-

gate U-shaped pattern; corneas black with

"frosted" overtone. Chelipeds each with

few scattered orange spots. Dactyls of sec-

ond and third pereopods with 2 extremely

faint yellow bands, most apparent on sec-

ond. (From A. J. Provenzano, Jr., field

notes).

Affinities.—This species, known from

only two specimens, bears certain habitat

and morphological similarities to Pylopa-

gurus patriae Lemaitre & Campos, 1993.

Both have been found living in membra-

nous tubes and both have similarly elongate

and weakly armed chelipeds. However, in

addition to differences in generic charac-

ters, E. provenzanoi is easily distinguished

from P. pattiae by the armature of the dac-

tyl and fixed finger of the right chela, great-

er number of spines on the ventral margins

of the dactyls of the second and third pe-

reopods, unarmed ambulatory carpi, and

structure of the telson.

Habitat.—The holotype was found living

in a semi-transparent polychaete tube.
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Fig. 2.

—

Enallopagurus provenzanoi, new species, holotype ovig 9 (si = 2.40 mm), northwestern Caribbean,

R/V John Elliott Pillsbury, sta 581, USNM 1007525. a, left second pereopod, lateral; b, left third pereopod,

lateral; c, coxae and sternite of fifth pereopods with capsulate setae (stippled), and part of abdomen (lower)

showing first pleopods; d, propodus and dactyl of left fourth pereopod with preungual process (arrow), lateral.

Scales equal 1.00 mm (a, b), 0.50 mm (c), and 0.10 mm (d).

Distribution.—Known at present only

from the type locality, off Arrowsmith

Bank, in the northwestern Caribbean; 146-

265 m.

Etymology.—This species is named for

Dr. Anthony J. Provenzano, Jr., whose pi-

oneering work on western Atlantic hermit

crabs provided the basis for the study of the

''Pylopagurus-Tomopagurus'' group of

genera.

Remarks.—As previously indicated, En-

allopagurus provenzanoi, new species, is

the first recognized representative of the ge-

nus in the western Atlantic. Unlike some
species of Phimochirus (another of the "Pv-

lopagurus-Tomopagurus"" group of gen-

era), which is represented in both oceans by

geminate pairs (cf. McLaughlin 1981b), E.

provenzanoi appears to be related to the two

eastern Pacific species only through major

generic characters.

Key to Species of Enallopagurus

1. Dorsoproximal margin of right chela

armed with strong spines; eastern Pacific

E. coronatus

- Dorsoproximal margin of right chela un-

armed 2

2. Dorsal surface of palm of right chela

with relatively closely-spaced small

spines or spinules; eastern Pacific

E. ajfiuis

- Dorsal surface of palm of right chela un-

armed or rarely slightly tuberculate ... 3

3. Carpus of right cheliped with two or

three spines on dorsomesial inargin sep-

arated by concavity from prominent dor-

sodistal spine; eastern Pacific

E. spinicarpus
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- Carpus of right cheliped with unarmed

dorsomesial margin; Caribbean Sea . . .

E. provenzanoi, new species

Enallopaguropsis McLaughlin, 1981a

Pylopagurus: Walton, 1954:140 (in part).

—

Scanland & Hopkins, 1969:257 (in part)

[Not Pylopagurus A. Milne-Edwards &
Bouvier, 1891].

Enallopaguropsis McLaughlin 1981a:7;

1982:848; 2003:121.

Emended diagnosis.—Eleven pairs of

biserial gills. Ocular acicle acutely trian-

gular, with moderate to well-developed sub-

marginal spine. Sternite of third maxillipeds

with prominent spine on either side of mid-

line. Third maxilliped with well-developed

crista dentata and 1 accessory tooth. Max-
illule with internal lobe of endopod mod-
erately well-developed, and with 1 stiff

bristle terminally; posterior lobe somewhat

produced, not recurved.

Right cheliped with suboperculate chela.

Left chela subtriangular in cross-section,

but dorsal surface not produced into prom-

inent keel or crest. Dorsodistal spine of car-

pi of second and third pereopods lacking.

Anterior lobe of sternite of third pereopods

represented by 1 or 2 capsulate setae. Ster-

nites of fourth and fifth pereopods often

with 1 to several large capsulate setae.

Fourth pereopod with propodal rasp con-

sisting of multiple rows of corneous scales.

Males with paired gonopores, no distinct

sexual tubes but occasionally with vas de-

ferentia produced to form short tubular pa-

pillae on one or both coxae; no paired ple-

opods; 3 unpaired left pleopods with en-

dopods reduced or absent. Females with

paired gonopores, paired first pleopods

modified as gonopods, 4 unpaired left ple-

opods, second to fourth with both rami

well-developed, fifth with endopod reduced

or absent.

Abdomen straight or slightly flexed, usu-

ally moderately long; uropods symmetrical

or asymmetrical. Telson without indication

of division into anterior and posterior por-

tions; terminal margin convex, entire or

with shallow median concavity, unarmed.

Remarks.—The original diagnosis of En-

allopaguropsis indicated that the terminal

margin of the telson was entire in all the

species. In the new species described here-

in, however, the terminal margin is divided

into nearly symmetrical lobes by a shallow

median concavity, and the diagnosis of the

genus has been corrected accordingly.

With the addition of the new species of

Enallopaguropsis described herein, the ge-

nus is now represented by two eastern Pa-

cific and one western Atlantic species. An
updated key to the species is provided fol-

lowing the description of this new species.

Enallopaguropsis williamsi, new species

Figs. 3, 4

Holotype.—S (si = 1.70 mm), R/V John

Elliott Pillsbury, sta 421, 09°32.rN,
78°33.5'W, Golfo de San Bias, Panama, 53-

58 m, 19 Jul 1966, USNM 1007523.

Description.—Shield (Fig. 3a) longer

than broad; anterior margin between ros-

trum and lateral projections slightly con-

cave; anterolateral margins sloping; poste-

rior margin truncate, dorsal surface with

few setae. Rostrum triangular, with terminal

spinule. Lateral projections triangular, each

with terminal spine or spinule.

Ocular peduncle approximately 0.85

length of shield, moderately stout, with cor-

nea slightly dilated. Ocular acicles subtrian-

gular, each terminating subacutely, with

well-developed submarginal spine; separat-

ed basally by slightly more than basal width

of 1 acicle.

Antennular peduncle overreaching ocular

peduncle by approximately 0.50 length of

ultimate segment; ultimate and penultimate

segments unarmed; basal segment unarmed.

Antennal peduncle slightly shorter to

equaling length of ocular peduncle. Fifth

and fourth segments with scattered setae.

Third segment with acute spine at ventro-

distal angle. Second segment with dorsolat-

eral distal angle prominently produced, ter-
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Fig. 3.

—

Enallopaguropsis williamsi, new species, holotype 6 (si = 1.70 mm), southwestern Caribbean, RA^
John Elliott Pillsbury, sta 421, Golfo de San Bias, Panama, USNM 1007523. a, shield and cephalic appendages

(right antennal flagellum missing), dorsal; b, right cheliped, dorsal; c, chela of same, mesial; d, same, lateral; e,

left cheliped, dorsal; f, chela of same, mesial; f, telson, dorsal. Scales equal 0.50 mm (a-d, g) and 0.25 mm
(e,f).

minating in small spine; dorsomesial distal

angle with small spine. First segment pro-

duced ventrally and with acute spine on

ventrolateral margin distally. Antennal aci-

cle moderately short, reaching only to distal

margin of fourth peduncular segment. Fla-

gellum with short setae > 1 article in length

in most articles, and moderately long setae

2 or 3 articles in length every 2 articles.

Right cheliped (Figs. 3b-d) with subop-
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erculate chela. Dactyl approximately 0.80

length of palm, approximately equal to

fixed finger in width, with row of spines on

distal 0.75 of elevated dorsomesial margin,

dorsal surface with few small tubercles in

distal half; cutting edge with row of mod-
erately large teeth; mesial, lateral and ven-

tral surfaces with scattered short setae.

Palm slightly exceeding length of carpus;

dorsal surface weakly convex, armed with

only 1 small spine slightly mesiad of mid-

line in proximal half, elevated dorsomesial

margin forming spinose crest, dorsolateral

margin also elevated as low ridge proxi-

mally becoming more pronounced and

weakly serrate distally and on fixed finger;

cutting edge of fixed finger with row of dis-

tinct teeth; mesial, lateral and ventral sur-

faces with sparse tufts of setae. Carpus ap-

proximately equal to length of merus, sub-

trapezoidal; dorsomesial margin with row
of 4 prominent spines, dorsolateral margin

not delimited, dorsal surface with longitu-

dinal row of 2 spinose protuberances prox-

imally, otherwise surfaces unarmed, but

with few scattered setae. Merus triangular,

margins and surfaces unarmed but with

scattered, short setae. Ischium unarmed.

Left cheliped (Figs. 3e, f) with dactyl ap-

proximately as long as palm; surfaces of

dactyl and fixed finger unarmed but with

sparse tufts of setae, dorsal surface of palm

with 2 small spines in midline proximally.

Carpus only slightly shorter than merus;

dorsal surface with longitudinal row of 2

spines medially, and 2 additional spines on

distal margin; mesial, lateral and ventral

surfaces unarmed but with few scattered se-

tae. Merus and ischium with only scattered

short to moderately long setae on all sur-

faces.

Second and third pereopods (Figs. 4a, b)

moderately long and slender. Dactyls equal

to or slightly longer than propodi; dorsal

surfaces with few short setae; ventral mar-

gins each with row of 6 or 7 long corneous

spines and few short setae. Propodi approx-

imately 1.50 to nearly twice as long as car-

pi; dorsal surfaces with few setae; with 1

or 2 ventrodistal spiniform bristles, and 1

or 2 additional slightly shorter spiniform

bristles on each ventral margin distally.

Carpi 0.45-0.75 length of meri, unarmed,

but with scattered setae dorsally and ven-

trally. Meri and ischia unarmed, but with

dorsal and ventral sparse tufts of setae.

Fourth pereopod (Fig. 4d) with propodal

rasps consisting of 3 rows of corneous

scales. Dactyl lacking preungual process.

Sternites of third, fourth, and fifth pereo-

pods (Fig. 4c) each with 3, 4, and 2 cap-

sulate setae, respectively. Coxae of fifth pe-

reopods with vas deferentia slightly pro-

duced forming short tubular papillae on

right and left sides (Fig. 4c).

Uropods nearly symmetrical. Telson (Fig.

3g) without indications of division into an-

terior and posterior portions; terminal mar-

gin with broad median concavity, unarmed.

Color.—Shield weakly mottled orange

with large darker orange spot on each side

laterally and few smaller spots and patches

in distal half. Ocular peduncles mottled

light orange with scattered darker orange

specks. Antennal peduncles with band of

light orange on second segments superim-

posed with few darker orange specks; an-

tennal acicles with few patches of light or-

ange. Chelipeds each generally light orange

with few scattered darker orange patches;

dactyls each with proximal darker orange

band. Dactyls of second and third pereo-

pods each with orange band in proximal

half; propodi with scattered orange spots

and orange band at mid-length; carpi very

light orange, that of third with at least scat-

tered darker orange specks; meri faint or-

ange, darker proximally and with numerous

darker orange specks. (From notes by B.

Stolen, artist for A. J. Provenzano, Jr.).

Etymology.—This species is dedicated to

the memory of Dr. Austin B. Williams

(1919-1999, see Lemaitre & Collette

2000), esteemed colleague who during

many years of work at the Systematics Lab-

oratory, National Marine Fisheries Service,

contributed greatly to our knowledge of

western Atlantic decapod crustaceans.
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Fig. 4.

—

Enallopaguropsis williamsi, new species, holotype c? (si = 1.70 mm), southwestern Caribbean, RA^
John Elliott Pillsbury, sta 421, Golfo de San Bias, Panama, USNM 1007523. a, left second pereopod, lateral;

b, left third pereopod, lateral; c, coxae and sternites of first to fifth pereopods with capsulate setae (stippled),

and protruded vas deferens (vd), ventral; d, propodus and dactyl of left fourth pereopod, lateral. Scale equals

0.50 mm (a-c) and 0.25 mm (d).

Habitat.—Housing unknown. Bottom
where found consisted of "coralline plates

and broken shells" (Voss 1966).

Distribution.—Known only from the

type locality, Golfo de San Bias, on the Ca-

ribbean coast of Panama.

Remarks.—Because Enallopaguropsis

williamsi, new species, is known from only

the male holotype, this species can only

provisionally be assigned to Enallopagu-

ropsis. The telson of E. williamsi bears

some resemblance to species of Agarico-

chirus. However, the morphology of the

right cheliped and propodal rasp suggests

that this new species belongs in Enallopa-

guropsis.

Key to Species of Enallopaguropsis

1 . Palm of left chela with row of spines on

dorsolateral margin 2
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— Palm of left chela with unarmed dorso-

lateral margin; Caribbean Sea

E. williamsi, new species

2. Dorsal surface of right chela covered

with closely-spaced corneous-tipped spi-

nules or granules; eastern Pacific . . .

E. guatemoci

— Dorsal surface of right chela with scat-

tered tubercles; eastern Pacific

E. janetae

Phimochirus randalli (Provenzano, 1961)

Figs. 5-7

Pylopagurus randalli Provenzano, 1961:

159, fig. 2 (type locality: ridge 5 miles

southeast of Lameshur Bay, St. John, Vir-

gin Islands).

Phimochirus randalli: McLaughlin, 1981a:

5; 1981b:340, figs. 4b, 5b, 7b.—Williams
et al., 1989:32.—McLaughlin et al.,

2003:125.

Holotype.—S (si = 6.20 mm), SE La-

meshur Bay, St. John, Virgin Islands, 20 m,

5 Feb 1960, colls. J. Randall and T. Chess,

USNM 106353.

Material examined.—Northern Gulf of

Mexico, RA^ Pelican, U.S. Department of

Energy project: 1 c? (si = 6.70 mm) + exu-

via, 27°48.717'N, 93°02.880'W, dredged at

night, calcareous rubble, 16 Aug 1998,

USNM 276157 (photo voucher).— 1 9 ovig

(si = 5.9 mm), dredge sta 10-3,

28°05.999'N, 91°02.289'W, 57 m, 27 May
2000, ULLZ 4678 (photo voucher).— 1 S
(si = 2.80 mm), dredge sta 7-2,

91°02.481'W, 57-60 m, 1 Jul 2001, ULLZ
4551 (photo voucher).

Diagnosis.—Shield (Fig. 5a) longer than

broad; dorsal surface with several short

transverse or oblique rows of bristle-like se-

tae; rostrum prominent, acutely triangular;

with minute terminal spine; lateral projec-

tions obsolete or broadly triangular, usually

with minute terminal spine. Ocular pedun-

cles stout, about 0.60 times length of shield,

with corneas strongly dilated. Ocular aci-

cles elongate, acutely triangular; dorsal sur-

faces concave distally; each usually with

small, submarginal spine terminally; sepa-

rately basally by basal width of 1 acicle.

Antennular peduncle exceeding distal

margin of cornea by about 0.30 length of

ultimate segment. Antennal peduncle ex-

ceeding distal margin of cornea by about

0.30 length of fifth segment; second seg-

ment with dorsolateral distal angle pro-

duced, terminating in strong spine, dor-

somesial distal angle with small spine; first

segment unarmed; acicle elongate, weakly

arcuate, reaching to about midpoint of fifth

antennal segment, terminating in spine, un-

armed. Antennal flagella moderately long;

with short setae every 3 or 4 articles, each

seta about 1 flagellar article in length.

Right cheliped (Fig. 6) sparsely setose.

Chela operculate, dorsoventrally com-
pressed (more markedly so laterally and

mesially); dorsal surfaces of palm and fin-

gers covered with low, mushroom-like tu-

bercles replaced medially on palm by 2 lon-

gitudinal, rectangular or ovate granular

patches separated by narrow tuberculate

area; patches slightly depressed, with gran-

ules arranged in irregular, transverse rows.

Fixed finger broad basally, with up to 6

blunt spines dorsally more prominent than

surrounding tubercles. Dactyl about as long

or slightly shorter than length of palm; me-

sial margin with blunt spines; dorsal surface

with 2 (1 distal, 1 proximal) blunt spines

standing out from surrounding tubercles.

Carpus with granules or low tubercles on

dorsal, lateral and mesial surfaces, dor-

somesial margin with row of irregular, cor-

neous-tipped spines; mesial surface con-

cave distally. Merus with row of small

spines or spinulose tubercles on ventrome-

sial and ventrolateral margins; dorsodistal

margin with row of 4-6 corneous-tipped

spines.

Left cheliped (Fig. 5b) with surfaces of

carpus and chela usually covered with

small, flattened tubercles or granules. Palm

with longitudinal, often ridge-like elevation

in midline armed with row of spines or spi-

nules, and flanked on each side by subrect-

angular or ovate area nearly smooth or with
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Fig. 5.

—

Phimochirus randalli (Provenzano. 1961), northern Gulf of Mexico, RA^ Pelican, M (si = 6.70 mm),

USNM 276157. a, shield and cephalic appendages, dorsal: b, left cheliped, dorsal; c, sternite of third pereopods,

ventral; d, telson, dorsal. Scales equal 2.00 mm (a, b), and 1.00 mm (c, d).

scattered small granules. Carpus with dor-

solateral and dorsomesial margins each

with irregular row of 2-4 corneous-tipped

spines; dorsodistal margin minutely spinu-

lose.

Second and third pereopods (Fig. 7a—d)
with meri, carpi, propodi and dactyls setose

dorsally. Dactyls moderately short, about

1.20—1.40 times as long as dorsal margins

of propodi; dorsal and dorsomesial distal

margins with small corneous spines inter-

spersed with setae; ventral margins each

with row of 7-9 corneous spines. Propodi

with dorsal surfaces spinulose or tubercu-

late, ventral margins each with row of 2—4

corneous spines in addition to pair of cor-

neous spines on distal angle. Carpi each

with prominent dorsodistal spine.

Fourth pereopod (Fig. 7e) with distinct

preungual process on dactyl surrounded by

dense, circularly arranged setae.

Sternite of third pereopods (Fig. 5c) with

subquadrate to semicircular anterior lobe;

sternites of third to fifth pereopods fre-

quently with capsulate setae.

Telson (Fig. 5d) with distinct transverse
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Fig. 6.

—

Phimochirus randalli (Provenzano, 1961),

northern Gulf of Mexico, R/V Pelican, M (si = 6.70

mm), USNM 276157. Right cheliped (X 3.97).

indentation; terminal margin nearly straight

or broadly rounded, divided into left and

right lobes by V-shaped cleft, each portion

armed with several elongate spines inter-

spersed with shorter spines.

Color.—Generally amber or brownish.

Anterior half of shield mottled with white

patches. Branchiostegites with white patch-

es surrounded by brownish to purple. Oc-

ular peduncles with irregular white patches

basally, turning to uneven tints of amber

distally; each peduncle with distinct, light

purple spot on dorsomesial surface near

cornea. Basal segments of antennules pur-

ple, penultimate segments and flagella

white, remaining parts amber or brownish.

Right cheliped amber or brownish except

for few white spines on dorsal surface of

fingers and dorsodistal surface of carpus;

carpus with band of white patches on dorsal

surface proximally; merus with band of

white patches surrounded by light purple

tint on dorsodistal surface. Left cheliped

also amber or brownish except for scattered

white patches on carpus; merus similar in

color to that of right cheliped. Second and

third pereopods with distal halves of dactyls

white and amber proximally; propodi white

on distal thirds, with white patches proxi-

mally, otherwise amber; carpi each with

white dorsodistal spine having light pur-

plish tint basally, elsewhere with scattered

white patches over amber; meri with many
white patches on lateroventral surfaces sur-

rounded by light purplish tint, otherwise

amber. Fourth and fifth pereopods amber

with white patches. (Based on photographs

of live specimens taken by D. L. Felder).

Habitat.—Found in gastropod shells. Ac-

cording to Provenzano (1961) the holotype

was found in a shell of the gastropod Sem-

icassis granulata (Born).

Distribution.—Bahama Islands; Straits of

Florida; northern Gulf of Mexico; eastern

and western Caribbean. Depth: 15-91 m.

/?^m<2r/:5.—McLaughlin's (1981b:340,

fig. 5b) diagnosis and illustration of the

right chela of P. randalli describe a median

"ridge" that separates two longitudinal,

slightly depressed, granular patches. This

"ridge" was used by McLaughlin (1981b:

336, couplet 1) in her key to separate P.

randalli from all other congeners. Based on

the study of the Gulf of Mexico specimens

herein reported, and a reexamination of

some of the specimens used by McLaughlin

(1981b), we have found that the use of this

ridge as a key diagnostic character may lead

to confusion. In some individuals the ridge

does appear somewhat elevated as result of

the two depressed patches, whereas in oth-

ers the patches are hardly if at all depressed,

and no distinct ridge is apparent. Actually,

it is the presence of granular patches that

more clearly serve to separate P. randalli

from other congeners. The tubercles that

cover the other portions of the dorsal sur-

face of the right palm can also vary in

strength and size. Given the variation ob-
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Fig. 7.

—

Phimochiriis randalli (Provenzano, 1961), northern Gulf of Mexico. R/V Pelican, S (si = 6.70 mm),

USNM 216151 . a, left second pereopod, lateral; b, dactyl of same, mesial; c, left third pereopod, lateral; d,

dactyl of same, mesial; e, propodus and dactyl of left fourth pereopod with preungual process (arrow), lateral.

Scales equal 0.50 mm (a-d) and 0.25 mm (e).

served on the right palm of P. randalli,

which requires a modification of couplet 1

of McLaughlin's (1981b) key, and the re-

moval by McLaughlin (1988) of Phimochi-

rus liochele to Pagurus, an updated key to

the species is presented.

Updated Key to Species of Phimochirus

1. Palm of right chela with two longitudi-

nal, rectangular or ovate granular patch-

es; western Atlantic P. randalli

- Palm of right chela without longitudinal

granular patches 2

2. Dorsal surface of dactyl of right chela

with median ridge or row of tubercles or

spines 3

- Dorsal surface of dactyl of right chela

without median ridge or row of tubercles

or spines 7

3. Dorsal surface of palm and fixed finger

of right chela with strong or moderately

strong tubercles, at least distally 4
- Dorsal surface of palm and fixed finger

of right chela smooth, granular or weak-

ly tuberculate 5

4. Exopod of left uropod with dense tuft of

long setae; eastern Pacific

P. californiensis
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- Exopod of left uropod without dense tuft

of long setae; western Atlantic

P. holthuisi

5. Dorsal surface of carpus of right cheli-

ped unarmed; western Atlantic

P. leurocarpus

- Dorsal surface of carpus of right cheli-

ped tuberculate, spinose or spinulose . . 6

6. Palm of left chela with dorsal midline

unarmed or with few spinules or tuber-

cles proximally; eastern Pacific

P. venustus

- Palm of left chela with dorsomedial row

of small spines or tubercles extending to

base of dactyl; western Atlantic ....

P. operculatus

7. Exopod of left uropod with dense tuft of

long setae; eastern Pacific P. roseus

- Exopod of left uropod without dense tuft

of long setae; western Atlantic

P. occlusus

Taxonomic Summary of the

''Pylopagurus-Tomopagurus'' Group of

Taxa, from the Publication of Part 1 in

1981 to the Present

(Taxa listed in same order discussed dur-

ing revision of group; see Table 1 for list

of current valid names)

hirtimanus Faxon, 1893. McLaughlin
(1981a) also considered P. acutus Forest &
de Saint Laurent, 1968, a synonym of Rho-

dochirus rosaceus.

Changes and additions since McLaughlin

(1981a).—None.

Species discussion.—See McLaughlin
(1981b).

Genus Phimochirus McLaughlin, 1981a

Species assigned by McLaughlin
(1981a).—Pylopagurus operculatus (Stimp-

son, 1859), P. californiensis (Benedict,

1892), P. mexicanus (Benedict, 1892), P.

venustus (Bouvier, 1898), P. roseus (Bene-

dict, 1892), P. randalli Provenzano, 1961,

and P. holthuisi Provenzano, 1961. Ques-

tionably assigned were P. occlusus (Hender-

son, 1888) and P. liochele Barnard, 1947.

Changes and additions since McLaughlin

(7957(3).—McLaughlin (1981b:349) syn-

onymized Pylopagurus mexicanus with

Phimochirus californiensis, and described

P. leurocarpus. McLaughlin (1988:6) trans-

ferred Phimochirus liochele to Pagurus.

Species discussion.—See McLaughlin

(1981b, 1988), and this study.

Genus Tomopagurus A. Milne-Edwards &
Bouvier, 1893

Species assigned by McLaughlin
(1981a).—Tomopagurus rubropunctatus A.

Milne-Edwards & Bouvier, 1893, T. cokeri

(Hay, 1917), T. maclaughlinae Haig, 1976,

T. cubensis (Wass, 1963), T. wassi Mc-
Laughlin, 1981a, Pagurus purpuratus (Ben-

edict, 1892), P. merimaculosus Glassell,

1937, and Pylopagurus chacei Wass, 1963.

Changes and additions since McLaughlin

(1981a).—None.

Species discussion.—See McLaughlin
(1981a).

Genus Rhodochirus McLaughlin, 1981a

Species assigned by McLaughlin
(1981a).—Pylopagurus rosaceus A. Milne-

Edwards & Bouvier, 1893, Pylopagurus

Genus Agaricochirus McLaughlin, 1981a

Species assigned by McLaughlin
(1981a).—Pylopagurus boletifer A. Milne-

Edwards & Bouvier, 1893, P. alexandri A.

Milne-Edwards & Bouvier, 1893, P. cavi-

manus Chace, 1939, P. erosus (A. Milne-

Edwards, 1880), P. gibbosimanus (A.

Milne-Edwards, 1880), and Pagurus hispi-

dus (Benedict, 1892).

Changes and additions since McLaughlin

(7957«).—McLaughlin (1982:838, 841) de-

scribed Agaricochirus acanthinus and A.

echinatus.

Species discussion.—See McLaughlin

(1982).

Genus Enallopagurus McLaughlin, 1981a

Species assigned by McLaughlin
(1981a).—Pylopagurus spinicarpus Glas-
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sell, 1938, P. affinis Faxon, 1893, and P.

coronatus (Benedict, 1892).

Changes and additions since McLaughlin

(1981a).—Enallopagurus provenzanoi is

described in this study.

Species discussion.—See McLaughlin

(1982), and this study.

Genus Enallopaguropsis McLaughlin,

1981a

Species assigned by McLaughlin
(1981a).—Pylopagurus guatemoci Glassell,

1937, and P. hancocki Walton 1954.

Changes and additions since McLaughlin

(7987fl;.—McLaughlin (1982:849, 851)

synonymized Enallopaguropsis hancocki

with E. guatemoci, and described E. jane-

tae. Enallopaguropsis williamsi is de-

scribed in this study.

Species discussion.—See McLaughlin

(1982), and this study.

Genus Lophopagurus McLaughlin, 1981a

Species assigned by McLaughlin
(1981a).—Pylopagurus thompsoni (Filhol,

1885), P. lacertosus (Henderson, 1888), P.

nanus (Henderson, 1888), P. crenatus (Bor-

radaile, 1916), and questionably P. cristatus

(H. Milne Edwards, 1836).

Changes and additions since McLaughlin

f79S7fl|—McLaughlin & Gunn (1992:52,

55) described Lophopagurus foresti, and L.

nodulosus; de Saint Laurent & McLaughlin

(2000:150) described L. pumilus.

De Saint Laurent & McLaughlin (2000:

148) reduced McLaughlin's (1981a) genus

Australeremus to subgeneric status within

Lophopagurus. The subgenus Lophopagu-

rus then became the nominal subgenus. The
following species were assigned by de Saint

Laurent & McLaughlin (2000:149) to Lo-

phopagurus {Lophopagurus): L. {L.) foresti,

L. (L.) lacertosus, L. (L.) nanus, L. (L.) no-

dulosus, L. (L.) pumilus, and L. (L.) thomp-

soni. De Saint Laurent & McLaughlin

(2000:153) also synonymized L. (L.) cren-

atus with L. (L.) lacertosus.

Species discussion.—See McLaughlin &

Gunn (1992), and de Saint Laurent &
McLaughlin (2000).

Genus Australeremus McLaughlin, 1981a

Species assigned by McLaughlin
(1981a).—Pylopagurus cooki (Filhol,

1883), and P. kirki (Filhol, 1883).

Changes and additions since McLaughlin

f79S7aj.—McLaugWin & Gunn (1992:68)

assigned Pylopagurus stewarti and P. ser-

pulophilus to Australeremus, and consid-

ered the latter species a junior synonym of

Australeremus triserratus (Ortmann, 1892).

McLaughlin & Gunn (1992:74, 77, 92) also

described Australeremus laurentae and A.

eltaninae, and added A. cristatus (H. Milne

Edwards, 1836).

McLaughlin's (1981a) genus Australere-

mus was reduced by de Saint Laurent &
McLaughlin (2000:148) to subgeneric rank

within Lophopagurus. The following spe-

cies were assigned by de Saint Laurent &
McLaughlin (2000:166) to Lophopagurus

(Australeremus): L. (A.) cookii [also cor-

rected spelling], L. (A.) eltaninae, L. (A.)

cristatus, L. (A.) kirkii [also corrected spell-

ing], L. (A.) laurentae, L. (A.) stewarti, and

L. (A.) triserratus.

Species discussion.—See McLaughlin &
Gunn (1992), and de Saint Laurent &
McLaughlin (2000).

Genus Anisopagurus McLaughlin, 1981a

Species assigned by McLaughlin
(1981a).—Pylopagurus bartletti A. Milne-

Edwards, 1880, and P. pygmaeus (Bouvier,

1918).

Changes and additions since McLaughlin

f7957aj.—Lemaitre & McLaughlin (1996:

95, 101, 108) described Anisopagurus ac-

tinophorus, A. hopkinsi, and A. vossi.

Species discussion.—See Lemaitre &
McLaughlin (1996).

Genus Manucomplanus McLaughlin,

1981a

Species assigned by McLaughlin
(1981a).—Pylopagurus corallinus (Bene-
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diet, 1892), p. cervicornis (Benedict, 1892),

P. spinulosus Holthuis, 1959, P. longiman-

us Faxon, 1893, P. varians (Benedict,

1892), and questionably P. ungulatus (Stu-

der, 1883).

Changes and additions since McLaughlin

(7957(3).—Lemaitre & McLaughlin (1996:

113) synonymized Manucomplanus coral-

linus with M. ungulatus.

Species discussion.—See Lemaitre &
McLaughlin (1996).

Genus Protoniopagurus Lemaitre &
McLaughhn, 1996

Species assigned.—Monotypic: Proto-

niopagurus bioperculatus Lemaitre &
McLaughlin, 1996.

Species discussion.—See Lemaitre &
McLaughlin (1996).

Genus Pylopagurus A. Mine-Edwards &
Bouvier, 1891 sensu stricto

Species assigned by McLaughlin
(1981a).—Pylopagurus discoidalis (A.

Milne-Edwards, 1880), P. holmesi Schmitt,

1921, P. longicarpus Walton, 1954, P. ste-

warti (Filhol, 1883), and P. serpulophilus

Miyake, 1978.

Changes and additions since McLaughlin

(1981a).—As mentioned under Australere-

mus, McLaughlin & Gunn (1992:68) trans-

ferred Pylopagurus stewarti and P. serpu-

lophilus to Australeremus McLaughlin,

1981a, and considered the latter species a

junior synonym of A. triserratus (Ortmann,

1892).

Pylopagurus longicarpus was shown to

be a junior synonym of P. holmesi by

McLaughlin & Lemaitre (2001:459).

Lemaitre & Campos (1993:554) de-

scribed Pylopagurus pattiae, and Mc-
Laughlin & Lemaitre (2001:464, 468) de-

scribed P. macgeorgei and P. gorei.

Species discussion.—See Lemaitre &
Campos (1993), and McLaughhn & Le-

maitre (2001).

Genus Haigia McLaughlin, 1981a

Species assigned by McLaughlin
(1981a).—Monotypic: Pylopagurus die-

gensis Scanland & Hopkins, 1969.

Changes and additions since McLaughlin

(1981a).—None.

Species discussion.—See McLaughlin &
Lemaitre (2001).

Genus Pylopaguridium McLaughlin &
Lemaitre, 2001

Species assigned.—Monotypic: Pylopa-

guridium markhami McLaughlin & Lemai-

tre (2001).

Species discussion.—See McLaughlin &
Lemaitre (2001).

Corrected Key to Genera of the

''Pylopagurus-Tomopagurus'' Group

In light of the morphology of the telson

in the new species Enallopagurus proven-

zanoi and Enallopaguropsis williamsi, the

key provided by McLaughlin & Lemaitre

(2001:480) must be modified as follows:

1. Abdomen reduced; males without un-

paired pleopods; females with unpaired

pleopods 2—4 Protoniopagurus

— Abdomen not reduced; males with

some unpaired pleopods; females with

unpaired pleopods 2-5 2

2 Protopods of uropods prominently pro-

duced posteriorly; dorsal surface of

right chela commonly with character-

istic covering of mushroom-shaped tu-

bercles Agaricochirus

— Protopods of uropods not prominently

produced posteriorly; dorsal surface of

right chela usually without characteris-

tic covering of mushroom-shaped tu-

bercles 3

3. Spines on dorsal surfaces of chelae

with basal rosettes Rhodochirus

— Spines on dorsal surfaces of chelae

without basal rosettes 4

4. Propodal rasps of fourth pereopods

each with more than one row of cor-

neous scales 5

— Propodal rasps of fourth pereopods
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each with one row of corneous scales

7

5. Left chela triangular or subtriangular in

cross-section, dactyl and fixed finger

not dorsoventrally flattened 6

- Left chela not triangular or subtrian-

gular in cross-section, dactyl and fixed

finger dorsoventrally flattened

Manucomplanus

6. Telson with lateral indentations sug-

gesting division into anterior and pos-

terior portions Anisopagurus

— Telson without lateral indentations sug-

gesting division into anterior and pos-

terior portions Enallopaguropsis

1 . Ocular acicles simple; coxae of male

fifth pereopods symmetrical 8

- Ocular acicles multispinose; coxae of

male fifth pereopods asymmetrical . . .

Pylopaguridium

8. Telson with lateral indentations sug-

gesting division into anterior and pos-

terior portions 9

— Telson without lateral indentations sug-

gesting division into anterior and pos-

terior portions Enallopagurus

9. Chela of right cheliped subovate to sub-

circular, margins unarmed, weakly tu-

berculate or minutely crenulate and/or

serrate, but never armed with promi-

nent, blunt or acute spines 10

- Chela of right cheliped variable, mar-

gins armed with prominent, blunt or

acute spines or tubercles 11

10. Fourth pereopods with large, very

prominent preungual process at base of

claw Phimochirus

- Fourth pereopod without large, very

prominent preungual process at base of

claw Pylopagurus

11. Dactyl and fixed finger of left chela ex-

cavated ventral, presenting "spoon-

shaped" appearance Tomopagurus
— Dactyl and fixed finger of left chela not

excavated ventrally and not presenting

spoon-shaped appearance 12

12. Left cheliped with rotation of propodal-

carpal articulation 45°-90° from hori-

zontal plane

Lophopagurus {Australeremus)

— Left cheliped with rotation of propodal-

carpal articulation much less than 45°

from horizontal plane 13

13. Left chela with midline elevated into

prominent keel or crest

Lophopagurus {Lophopagurus)
- Left chela with midline sometimes el-

evated, but not into prominent keel or

crest Haigia
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Abstract.—A new species of pontoniinid shrimp, Periclimenes dolichoster-

num, is described and illustrated on the basis of 21 specimens collected from

sublittoral zones of the Ryukyu Islands at depths of 1.5-30 m. This new species

may be readily distinguished from all previously known species of Pericli-

menes Costa, 1844 by the long third thoracic sternite, and long intermediate

segment of the antennular peduncle.

Shrimps of the genus Periclimenes Cos-

ta, 1844, are widely distributed through

tropical to warm-temperate marine and

brackish waters worldwide (Chace & Bruce

1993). Most species of the genus are asso-

ciated with a range of marine invertebrates,

although considerable numbers are free-liv-

ing (Bruce 1994). Chace & Bruce (1993)

recognized 165 valid species of Pericli-

menes at the time, and subsequently 17 ad-

ditional species have been described: four

from the Atlantic Ocean (see Heard & Spot-

te 1991, 1997; d'Udekem d'Acoz 1999; Li

2000), two from the Mediterranean Sea (see

d'Udekem d'Acoz 1999, Li 2000), one

from the eastern Pacific region (see Vargas

2000) and ten from the Indo-West Pacific

region (see Berggren 1994, Bruce &
Coombes 1997, Bruce 1998, Li 2000, Hay-

ashi & Otomi 2001, Okuno & Nomura
2002). Bruce (1994) transferred three spe-

cies, P. gorgonicola Bruce, 1969, P. frank-

lini Bruce, 1990a, and P. setirostris Bruce,

1991 to the newly erected genus Paracli-

menes Bruce, 1 994 on the basis of absence

of the antennal spine. Periclimenes denti-

culatus Nobili, 1906 and P. sibogae Hol-

thuis, 1952 have been transferred to the ge-

nus Exoclimenella Bruce, 1994, and P. pe-

titthouarsii (Audouin, 1826) and P. spini-

ferus De Man, 1902 to the genus

Periclimenella Bruce, 1994 (see Duris &
Bruce 1995). More recently, Wicksten

(1995) and Spotte (1999) pointed out that

Periclimenes anthophilus Holthuis and

Eibl-Eibesfeldt, 1964 should be considered

as a junior synonym of P. pedersoni Chace,

1958. Thus, currently there is a total of 174

valid species of Periclimenes known world-

wide. On the basis of a bibliographic sur-

vey, Li (2000) provided illustrations for 148

of these species.

In 1998, an ovigerous female shrimp of

an unfamiliar free-living pontoniinid spe-

cies was found. The specimen was collected

from the sublittoral zone (4.0 m depth) of

Iriomote Island (southwestern Ryukyu Is-

lands). Subsequently, additional specimens

collected from Kume Island and Iriomote

Island, the Ryukyu Islands were examined.

These specimens clearly belong to an un-

described species of Periclimenes, and are

here described as a new species.

Illustrations were made with the aid of a

camera lucida mounted on both dissecting

microscope and compound microscope. For
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microstructural observations under the

scanning electron microscope (SEM), the

telson and appendages of two of the spec-

imens (NSMT-Cr 1988, 1989) were dis-

sected and freeze dried. The postorbital car-

apace length is abbreviated as CL in the

text. The term 'bee ocellaire' is used for the

anteromedian process on the ophthalmic

somite. The specimens examined in this

study are deposited in the Coastal Branch

of Natural History Museum and Institute,

Chiba (CMNH), Nationaal Natuurhistorisch

Museum, Leiden (RMNH), National Mu-
seum of Natural History, Smithsonian In-

stitution, Washington, D.C. (USNM), Na-

tional Science Museum, Tokyo (NSMT),
and the Queensland Museum, South Bris-

bane (QM).

Family Palaemonidae Rafinesque, 1815

Subfamily Pontoniinae Kingsley, 1878

Genus Periclimenes Costa, 1844

Periclimenes dolichosternum, new species

Figs. 1-5

Type series.—Holotype: $ CL 2.6 mm,
Ou-shima Harbor, Kume Island, Ryukyu Is-

lands, 26°20.rN, 126°49.2'E, 1.5 m, 19

Dec 2001, coll. J. Okuno and T Takahashi,

CMNH-ZC 00855. Paratypes: Ryukyu Is-

lands. 1 ovig. 9 CL 2.4 mm, 1 $ CL 1.5

mm, same locality as holotype, 12 Jul 2001,

coll. T. Kawamoto, CMNH-ZC 00791; 1 S

CL 2.1 mm, CMNH-ZC 00802, 1 $ CL 2.2

mm, CMNH-ZC 00801, 1 S CL 2.0 mm,
1 ? CL 1.9 mm, RMNH-D 49858, same

locality as holotype, 19 Oct 2001, coll. T
Kawamoto; 2 S CL 1.6, 2.8 mm, CMNH-
ZC 00856, 1 ? CL 2.4 mm, QM-W 26570,

same data as holotype; 1 ovig. 9 CL 2.3

mm, Amitori Bay, Iriomote Island, Yaeya-

ma Group, 24°19.6'N, 123°42.2'E, 4 m, 25

May 1998, coll. R. Minemizu, CMNH-ZC
00767; 1 ovig. ? CL 3.1 mm, CMNH-ZC
00931, 1 6 CL 2.6 mm, 2 9 CL 2.1, 2.9

mm, 4 ovig. 9 CL 2.2-4A mm, NSMT-Cr
1981, 1 ovig. 9 CL 3.6 mm, NSMT-Cr
1988, 1 ovig. 9 CL 3.7 mm, NSMT-Cr
1989, 1 9 CL 3.0 mm, 1 ovig. 9 CL 4.4

mm, USNM 1006977, Amitori Bay, 25-30

m, 2 Jul 2000, coll. Y. Ikeda and K. Hagi-

wara.

Diagnosis.—Size small (CL 1.5—4.4

mm), body slender. Carapace usually armed
with epigastric spine. Rostrum slender,

straight, falling slightly short of distal mar-

gin of proximal segment of antennular pe-

duncle, dorsal margin dentate, ventral mar-

gin with 0-2 vestigial teeth subapically.

Third thoracic sternite about 3 times as long

as fourth sternite. Third abdominal somite

with median carina posterodorsally pro-

duced. Sixth somite distinctly longer than

postorbital carapace length. Intermediate

segment of antennular peduncle about twice

as long as distal segment. Third maxilliped

without arthrobranch. First and second pe-

reiopods slender, each with carpus consid-

erably longer than chela. Chela of second

pereiopod with fingers about twice as long

as palm, cutting edges armed mesially with

numerous recurved fine teeth. Third to fifth

pereiopods slender, with dactyli biunguicu-

late. Endopod of male first pleopod without

appendix interna.

Description.—Carapace (Fig. 1) smooth,

glabrous, lacking supraorbital spine; orbit

feebly developed, inferior orbital margin

strongly produced, semiquadrate; antennal

spine well developed, slender, submarginal,

arising distinctly ventral to orbital margin;

hepatic spine large, arising slightly ventral

to level of antennal spine; epigastric spine

usually present, feebly articulated with me-

dian carina; pterygostomian margin round-

ed.

Rostrum (Fig. 2A, B) slender, straight,

0.5-0.6 times as long as carapace, falling

short of level of distal margin of proximal

segment of antennular peduncle; dorsal

blade low, with 5-7 (usually 6) equidis-

tantly spaced, small, acute teeth, inter-

spaced by short setae; ventral blade poorly

developed, proximally with row of short se-

tae, with 0-2 vestigial or minute teeth sub-

apically.

Second thoracic sternite (Fig. 2C) with

median longitudinal ridge; third sternite
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Fig. 1. Periclimenes doUchosternum, new species. Holotype female, CMNH-ZC 00855. Entire animal in

lateral view.

about 1.5 times as long as second, 3 times

as long as fourth; fourth to eighth sternites

(Fig. 2D) unarmed, fourth sternite with low

transverse ridge, median notch shallow.

Abdomen (Fig. 1) smooth, glabrous;

pleura of first to third somites broad, round-

ed; those of fourth and fifth somites poste-

riorly produced, but blunt; posterodorsal

tergum of third somite produced posterior-

ly, slightly elevated dorsally, compressed

laterally (Fig. 2E); sixth somite slender,

elongate, 1.2—1.8 times as long as carapace,

posterolateral process blunt, posterolateral

margin produced. Telson (Fig. 2F) tapering

posteriorly, posterior margin convex, with

3 pairs of spines, intermediate pair longest,

mesialmost pair plumose, lateral and inter-

mediate pairs simple (Fig. 5A); 2 pairs of

small, subequal dorsolateral spines posi-

tioned midlength of telson and midway be-

tween these spines and posterior margin of

telson.

Ophthalmic somite without 'bee ocellai-

re'. Eye (Fig. 2A) with large, globular, pig-

mented cornea, bearing small ocellus; stalk

slightly longer than maximum corneal di-

ameter, maximum width less than maxi-

mum corneal diameter.

Antennular peduncle (Fig. 2A) slender,

slightly overreaching apex of lamella of

scaphocerite; proximal segment with disto-

lateral margin strongly produced, lateral

margin straight, terminating distally in large

acute tooth, slightly overreaching disto-

lateral margin; ventromesial margin armed

with small acute tooth; stylocerite short,

slender, acute, reaching level of proximal

third of length of proximal segment; stato-

cyst well developed, rounded; intermediate

segment about twice as long as distal seg-

ment, with distolateral margin strongly pro-

duced, lateral lobe well developed, slightly

depressed, laterally setose; distal segment

short, feebly setose mesially. Upper flagel-

lum biramous, proximal 11 or 12 segments

fused, shorter free ramus 3 or 4 segmented;

lower flagellum more slender than upper

flagellum.

Antenna with stout basicerite armed ven-

trolaterally with acute tooth, dorsal margin
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Fig. 2. Periclimenes dolichosternum, new species. A, B, F, G, holotype female, CMNH-ZC 00855; D, male

paratype, CMNH-ZC 00802; C, E, ovigerous female paratype, CMNH-ZC 00931. A, anterior carapace, rostrum

and cephalic appendages, dorsal; B, anterior carapace and rostrum, lateral; C, second and third thoracic sternites,

ventral; D, fourth to eighth thoracic sternites, ventral; E, dorsal part of third abdominal somites, lateral; F, telson

and right uropod, dorsal; G, right antennal scaphocerite, dorsal. C, D, F, G, setae omitted. Scales: 1.0 mm.
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Fig. 3. Periclimenes dolichosternum, new species. Female paratype, NSMT-Cr 1988. A, left mandible, ex-

ternal; B. left maxillule, external; C. left maxilla, external; D, left first maxilliped, external; E, left second

maxilliped, external; F, left third maxilliped, lateral. Scale: A, 0.5 mm; B-F, 1.0 mm.

with small raised lobe; scaphocerite (Fig.

2G) slender, with lateral margin feebly con-

cave, terminating in strong tooth reaching

distal fifth of length of scaphocerite, lamella

strongly tapering distomesially in dorsal

view, 3.4-5.4 times as long as width at base

of lateral tooth; carpocerite reaching prox-

imal fourth of length of scaphocerite.

Epistome unarmed.

Mandible (Fig. 3A) without palp; incisor

process well developed, distal margin trun-

cated, armed with 7 or 8 small teeth; molar

process truncated distally, with stout teeth.

Maxillule (Fig. 3B) with feebly bilobed

palp, inner lobe with long simple seta; up-

per lacinia broad, distal margin truncated,

armed with simple spines and few simple

setae; lower lacinia sparsely furnished with

plumose setae marginally. Maxilla (Fig.

3C) with slender, tapering palp; distal en-

dite developed, simple, narrow, distally fur-

nished with sparse simple setae; proximal

endite obsolete; scaphognathite well devel-

oped, marginally furnished with numerous

plumose setae, anterior lobe slightly taper-

ing distally. First maxilliped (Fig. 3D) with



492 PROCEEDINGS OF THE BIOLOGICAL SOCIETY OF WASHINGTON

Table L

—

Periclimenes dolichosternum, new species. Branchial formula.

Maxillipeds Pereiopods

I II III

Pleurobranchs

Arthrobranchs — — —
Podobranchs — — —
Epipods

Exopods

1

1

1

1 1

III IV

long, slender, simple palp; distal endite fur-

nished with long, simple and plumose setae;

proximal endite developed, rounded; cari-

dean lobe broad, low; exopod with well de-

veloped flagellum; epipod large, feebly bi-

lobed. Second maxilliped (Fig. 3E) with

normal endopod; ischium and basis fused;

exopod with well developed flagellum;

coxa inflated mesially; epipod small, sub-

quadrate, without podobranch. Third max-

illiped (Fig. 3F) with endopod slender,

overreaching distal margin of antennal basi-

cerite by full length of ultimate segment;

ultimate segment tapering distally, ventral

surface with 5 transverse rows of simple se-

tae; penultimate segment 1.7-2.3 times as

long as ultimate segment, sparsely with

simple setae mesially; antepenultimate seg-

ment with tufts of long simple setae on ven-

tral surface; coxal plate semiquadrate; ar-

throbranch absent.

Branchial formula as in Table 1.

First pereiopod (Fig. 4A) slender, falling

slightly short of distal end of scaphocerite.

Chela (Fig. 5B) 0.2-0.3 times as long as

carapace; palm slightly compressed, slight-

ly longer than dactylus, with 3 transverse

rows of short serrulate glooming setae

proximally, with sparse setae anterior to

rows of glooming setae; fingers each ter-

minating in small, hooked unguis, cutting

edges situated laterally, entire. Carpus 1.6-

2.2 times as long as chela, slightly widened

distally, with longitudinal row of serrulate

glooming setae distomesially. Merus un-

armed, 1.1-1.3 times as long as carpus.

Second pereiopods (Fig. 4B) slender, sim-

ilar, overreaching distal margin of scapho-

cerite by length of dactyli. Chela well de-

veloped, small, 0.4-0.6 times as long as

carapace; palm slightly swollen; dactylus

(Fig. 5C) elongate, 2.2-2.3 times as long as

palm, terminating in hooked, acutely point-

ed unguis, cutting edge with large, acute

subterminal tooth and 43-76 laterally situ-

ated, recurved, fine teeth; fixed finger (Fig.

5C) similar to dactylus. Carpus elongate,

slightly widened distally, unarmed, 1.1-2.0

times as long as chela. Merus elongate, un-

armed, 1.05-1.14 times as long as carpus.

Ischium slender, unarmed 0.9-1.0 times as

long as carpus.

Third pereiopod (Fig. 4C) slender, over-

reaching distal margin of scaphocerite by

distal half of propodus and dactylus. Dac-

tylus (Fig. 5D) slender, ventral margin

armed with 1 accessory tooth, unguis not

clearly demarcated, about 2.5 times as long

as accessory tooth. Propodus (Fig. 4C) 0.8-

1.0 times as long as carpus, 4.0 times as

long as dactylus, with 2 long distoventral

spines and equidistantly spaced set of 3

spines on ventral surface, dorsal surface

with few short setae. Carpus unarmed. Mer-

us 1.4-1.5 times as long as carpus. Fourth

and fifth pereiopods similar in form to third.

Endopod of male first pleopod (Fig. 4D)

short, slender, tapering distally, reaching

proximal fifth of exopod, without appendix

interna. Endopod of male second pleopod

(Fig. 4E) with appendices interna and mas-

culina arising from proximal third of mesial

margin; appendix interna slender, slightly

overreaching tip of appendix masculina,

with few distal cincinnuli; appendix mas-

culina slender, distally with 2 long setae

with fine setules.

Uropod (Fig. 2F) with protopodite pos-
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Fig. 4. Periclimenes dolichosternum, new species. A-C, holotype female, CMNH-ZC 00855; D, E, male

paratype, CMNH-ZC 00802. A, right first pereiopod, lateral; B, right second pereiopod. lateral; C, right third

pereiopod, lateral; D, male right first pleopod, dorsal; E, male second pleopod, dorsal. D, E, marginal setae

omitted. Scales: A-C, E, 1.0 mm; D, 0.5 mm.

terolaterally produced; exopod broad, dis-

tinctly overreaching posterior margin of tel-

son, lateral margin straight, terminating in

small acute tooth, with larger mobile spine

proximesial to distolateral tooth; endopod
oval, slightly shorter than exopod.

Color in life.—Body and appendages

generally transparent. Lateral part of cara-

pace with oblique white band. Dorsal sur-

face of median carina of third abdominal

somite with large, white semiquadrate cir-

cle. Posterior margin of sixth abdominal

somite white. Antennular peduncle yellow-

ish brown. Scaphocerite whitish yellow.

covered with dark brown spots. Posterior

part of uropods white.

Etymology.—From the Greek, dolichos

meaning long and the Greek sternon mean-

ing breast, in reference to the characteristic,

long third thoracic sternite of the new spe-

cies.

Ecological notes.—Field notes taken at

Kume Island show the following: the spe-

cies lives beneath large pieces of coral rub-

bles (about 20 cm diameter) on a silty bot-

tom at a depth of 1.5 m. Any sessile inver-

tebrates possibly being the host of shrimps

do not appear on surface or vicinity of the
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Fig. 5. PericUmenes dolichosternum, new species. A, ovigerous female paratype, NSMT-Cr 1989; B—D,
ovigerous female paratype, NSMT-Cr 1988. A, tip of telson, dorsal; B, chela of right first pereiopod, mesial; C,

fingers of right second pereiopod, mesial; D, dactylus of right third pereiopod, mesial. Scales: 100 ixm.

rubble. One to four individuals were found

underneath one piece of rubble. When the

rubble was removed, shrimps always clung

to the underside. The small and transparent

body of the shrimp is almost invisible in

muddy water. The specimens collected from

Iriomote Island in 2000 lived around the

Halimeda green algae bed on sandy bottom

at depths of 25-30 m.

Distribution.—Known only from the

Ryukyu Islands, southern Japan.

Remarks.—Currently, the genus PericU-

menes is morphologically distinguished

from other pontoniinid genera by the fol-

lowing features (see Chace & Bruce 1993,

Bruce 1994, Holthuis 1993): body slightly

compressed laterally; carapace armed with

well developed antennal and fixed hepatic
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Spines; dorsal and ventral blades of rostrum

dentate, with proximal part of rostrum not

forming a supraorbital eave; pleura of first

five abdominal somites lacking acute pos-

teroventral angles; mandible lacking palp;

third maxilliped with or 1 arthrobranch;

exopod of third maxilliped well developed;

dactyli of third to fifth pereiopods lacking

hoof-like protuberances.

Periclimenes dolichosternum can be sep-

arated from other species of Periclimenes

by the long third thoracic sternite, and long

intermediate segment of the antennular pe-

duncle. The third thoracic sternite is about

four times as long as the fourth somite;

therefore, in lateral view, the interval be-

tween the third maxilliped and first pereio-

pod is wide. Although the length of third

thoracic sternite has previously been over-

looked, the space between third maxilliped

and first pereiopod can be used to distin-

guish P. dolichosternum from other con-

generic species. The intermediate segment

of the antennular peduncle is about twice as

long as the distal segment, and the anten-

nular peduncle overreaches the distal mar-

gin of the scaphocerite.

The posterior protrusion of the tergum of

the third abdominal somite is found in some
Periclimenes species of the 'P. aesopius

species group' (see Bruce 1990b, Okuno &
Nomura 2002). In addition to the features

mentioned above, P. dolichosternum is

readily distinguished from species of 'P.

aesopius species group' by having the long-

er and slenderer pereiopods, numerous re-

curved teeth on the cutting edges of the sec-

ond pereiopodal fingers, the considerably

wider corneal diameter than maximum
width of eyestalk, and lacking a reflected

inner flange on the inferior orbital angle.

Thus, we did not consider P. dolichoster-

num as the member of the 'P. aesopius spe-

cies group'.

Acknowledgments

Our thanks go to the Japanese underwa-

ter photographer, R. Minemizu, for making

material available for this study. The Japa-

nese skillful divers, T Kawamoto and T.

Takahashi kindly supported one of us (JO)

in capturing the specimens at Kume Island.

We thank Y. Ikeda and K. Hagiwara for col-

lecting the specimens from Iriomote Island

during a short stay by one of us (MM) at

the Tokai University, Okinawa Regional

Research Center, Iriomote Island. We are

grateful to M. Takeda for his encourage-

ment during this study, and S. De Grave,

R. Lemaitre and two reviewers for their

kind review and valuable comments to the

draft.

Literature Cited

Audouin, V. 1826. Explication sommaire des planches

de Crustaces de FEgypte et de la Syrie, publiees

par Jules-Cesar Savigny, membre de I'lnstitut;

offrant un exopose des caracteeres naturels des

genres, avec la distinction des especes. Descrip-

tion de TEgypte, ou recueil des observations et

des recherches qui ont ete faites en Egypte pen-

dant r Expedition de I'Armee Frangaise.—His-

toire Naturelle 1:77-98. (not seen)

Berggren, M. 1994. Periclimenes nomadophila and

Tureariocaris sarec, two new species of pon-

toniine shrimps (Decapoda: Pontoniinae), from

Inhaca Island, Mozambique.—Journal of Crus-

tacean Biology 14:782-802.

Bruce, A. J. 1969. Preliminary descriptions of sixteen

new species of the genus Periclimenes Costa,

1844 (Crustacea, Decapoda, Natantia, Pontoni-

inae).—Zoologische Mededelingen 43:253-

278.

. 1990a. Periclimenes franklini sp. nov., a new
deep-sea shrimp from the Coral Sea (Crustacea:

Decapoda: Palaemonidae).—The Beagle, Re-

cords of the Northern Territory Museum of Arts

and Sciences 7:55-64.

. 1990b. A new cnidarian-associated palaemon-

id shrimp from Port Essington, Cobourg Pen-

insula, Australia.—Indo-Malayan Zoology 6:

229-243.

. 1991. Crustacea Decapoda: further deep-sea

palaemonid shrimps from New Caledonian wa-

ters. Pp. 299-411 in A. Crosnier, ed., Resultats

des Campagnes MUSORSTOM, 9. Memoires

Museum National d'Histoire Naturelle, (A) 152,

520 pp.

. 1994. A synopsis of the Indo-West Pacific

genera of the Pontoniinae (Crustacea: Decapo-

da: Palaemonidae). Koeltz Scientific Books,

Konigstein, 172 pp.

. 1998. Pontoniine shrimps from Moreton Bay,



496 PROCEEDINGS OF THE BIOLOGICAL SOCIETY OF WASHINGTON

Queensland (Crustacea: Decapoda: Pontoni-

inae).—Memoirs of the Queensland Museum
42:387-398.

-, & K. E. Coombes. 1997. An annotated check-

list of the caridean shrimps (Crustacea: Deca-

poda) of Darwin Harbour, with descriptions of

three new species of Periclimenes (Palaemoni-

dae: Pontoniinae). Pp. 301-337 in J. R. Hanley,

G. Caswell, G. Megirian, and H. K. Larson,

eds., Proceedings of the Sixth International Ma-
rine Biological Workshop. The marine flora and

fauna of Darwin Harbor, Northern Territory,

Australia. Museum and Art Galleries of the

Northern Territory and the Australian Marine

Science Association, Darwin, 466 pp.

Chace, F. A., Jr. 1958. A new shrimp of the genus

Periclimenes from the West Indies.—Proceed-

ings of the Biological Society of Washington

71:125-130.

, & A. J. Bruce. 1993. The caridean shrimps

(Crustacea: Decapoda) of The Albatross Phil-

ippine Expedition 1907-1910, Part 6: Super-

family Palaemonoidea.—Smithsonian Contri-

butions to Zoology 543:i-iiv+ 1-152.

Costa, O. G. 1844. Su due nouvi generi di Crostacei

decapodi Macrouri Nota.—Annali delle Acca-

demia degli Aspiranti Naturalist!, Napoli 2:285-

290. (not seen)

De Man, J. G. 1902. Die von Herrn Professor Kiiken-

thal im Indischen Archipel gesammelten De-

kapoden und Stomatopoden. Pp. 467-929, pis.

18-27, in W. Kiikenthal, ed., Ergebnisse einer

zoologischen Forschungsreise in den Molukken

und Borneo. Abhandlungen herausgegeben von

der Senckenbergischen Naturforschenden Ge-

sellschaft 25:1-988, pis. 1-28.

Duris, Z., & A. J. Bruce. 1995. A revision of the 'pe-

titthouarsii' species-group of the genus Pericli-

menes Costa, 1844 (Crustacea: Decapoda: Pa-

laemonidae).—Journal of Natural History 29:

619-671.

Hayashi, K.-L, & J. Otomi. 2001. A new species of

the genus Periclimenes (Decapoda: Caridea: Pa-

laemonidae) collected from hydrothermal vent

fields in Kagoshima Bay, Japan.—Crustacean

Research 30:160-171.

Heard, R. W., & S. Spotte. 1991. Pontoniine shrimps

(Decapoda: Caridea: Palaemonidae) of the

northwest Atlantic. II. Periclimenes patae, new

species, a gorgonian associate from shallow reef

areas off the Turks and Caicos Islands and Flor-

ida Keys.—Proceedings of the Biological So-

ciety of Washington 104:40-48.

, & . 1997. Pontoniine shrimps (Deca-

poda: Caridea: Palaemonidae) of the northwest

Atlantic. V. Periclimenes mclellandi, new spe-

cies, a gorgonian associate from Pine Cay,

Turks and Caicos Islands, British West Indies.

—

Proceedings of the Biological Society of Wash-

ington 110:39-48.

Holthuis, L. B. 1952. The Decapoda of the Siboga Ex-

pedition, part XI: the Palaemonidae collected by

the Siboga and Snellius Expeditions, with re-

marks on other species, II. Subfamily Pontoni-

inae.—Siboga-Expeditie 39a'": 1-254.

. 1993. The recent genera of the caridean and

stenopodidean shrimps (Crustacea, Decapoda):

with an appendix of the order Amphionidacea.

Nationaal Natuurhistorisch Museum, Leiden,

328 pp.

, & Eibl-Eibesfeldt. 1964. A new species of the

genus Periclimenes from Bermuda (Crustacea,

Decapoda, Palaemonidae).—Senckenbergiana

Biologica 45:185-192.

Li, X.-Z. 2000. Catalog of the genera and species of

Pontoniinae Kingsley, 1878 (Decapoda, Palae-

monidae). Xueyuan Press, Beijing, 319 pp.

Nobili, G. 1906. Diagnoses preliminaires de Crustaces,

Decapodes et Isopodes nouveaux recueillis par

M. le Dr G. Seurat aux iles Touamotou.—Bul-

letin du Museum d'Histoire Naturelle 12:256-

270.

Okuno, J., & K. Nomura. 2002. A new species of the

'Periclimenes aesopius species group' (Deca-

poda: Palaemonidae: Pontoniinae) associated

with sea anemone from Pacific coast of Honshu,

Japan.—Natural History Research 7:83-94.

Spotte, S. 1999. Possible synonymy of the western At-

lantic anemone shrimps Periclimenes pedersoni

and P. anthophilus based on morphology.

—

Bulletin of Marine Science 65:407-417.

Udekem d'Acoz, C. d'. 1999. Inventaire et distribution

des crustaces decapodes de I'Atlantique orien-

tal, de la Mediterranee et des eaux continentales

adjacentes, au nord de 25°N. Collection Patri-

moines Naturels, Museum National d'Histoire

Naturelle, Service du Patrimoine Natural, Paris,

383 pp.

Vargas, R. 2000. Periclimenes murcielagensis, a new
species of shrimp (Crustacea: Decapoda: Palae-

monidae) living on black coral from the Pacific

coast of Costa Rica.—Proceedings of the Bio-

logical Society of Washington 113:17-23.

Wicksten, M. K. 1995. Within-species variation in Per-

iclimenes yucatanicus (Ives), with taxonomic

remarks on P. pedersoni Chace (Crustacea: De-

capoda: Caridea: Palaemonidae).—Proceedings

of the Biological Society of Washington 108:

458-464.



PROCEEDINGS OF THE BIOLOGICAL SOCIETY OF WASHINGTON
116(2):497-502. 2003.

A new genus and species, Tumidochelia randyi, from the
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Abstract.—Tumidochelia randyi, new genus, new species is described from

the continental slope of the northern Gulf of Mexico at depths ranging from

482 to 2974 m. It is distinguished from the other genera and species of Tan-

aidomorpha by having: an inflated "shield-like" laterally compressed expan-

sion of the inner distal side of the cheliped carpus, and a biramous uropod with

a dorsal process on the inner distal margin of the protopod. Tumidochelia

randyi is placed in the family CoUetteidae Larsen & Wilson, although no phy-

logenetic analysis has been performed to support this designation.

Deep-water tanaidaceans from the Gulf

of Mexico have recently been the focus of

an intense taxonomic study. Prior to the

year 2000, only five species, two apseudo-

morphans, one neotanaidomorphan, and

two tanaidomorphans were known from

depths greater than 200 m (see Gardiner

1975, Sieg & Heard 1989, Viskup & Heard

1989, Meyer & Heard 1989). As a result of

study conducted on the Tanaidacea of the

Gulf of Mexico, within the last year, the

number of described deep-water species

from the region has nearly tripled (Larsen

2002, Larsen & Heard 2002, 2003; Larsen

& Hansknecht 2002).

Recent examination of specimens col-

lected from the deep waters of the northern

Gulf of Mexico by personnel of Texas

A&M University during a Mineral Man-
agement Service sponsored study revealed

an undescribed tanaidomorphan tanaida-

cean having affinities with species of the

family CoUetteidae Larsen & Wilson, 2002.

After further study it was determined that

the species was undescribed and represent-

ed a new genus. This new genus and spe-

cies, which is described here, brings the

number of tanaidacean taxa described from

the deep water (greater than 300 m) in the

Gulf of Mexico to 14 species in 1 1 different

genera.

Type material has been deposited in the

National Museum of Natural History,

Washington, D.C. (USNM), and the Gulf

Coast Research Laboratory Museum
(GCRL). The terminology used in this

study follows that of Dojiri & Sieg (1997)

with the exception of the terms sternal and

tergal, which have been substituted by ven-

tral and dorsal, respectively.

Tumidochelia, new genus

Diagnosis.—Female: Body elongate. An-

tennule with 4 articles. Antenna with 6 ar-

ticles; article 3 without fusion line. Man-
dible molars of intermediate width between

those of Typhlotanais and Leptoguathia,

and with ring of small apical spines. Che-

liped with inflated "shield-like" laterally

compressed expansion of the inner distal

side of the carpus. Pereopod 1-3, propodus

longer than dactylus and unguis combined.

Pereopod 4-6, propodus longer, or as long
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as dactylus and unguis combined. Marsu-

pium consists of four oostegites. Pleopods

present. Uropod biramous, bearing distal

process on protopod inner margin; endopod

and exopod each with 2 articles. Male un-

known.

Remarks.—The short dactylus on pereo-

pods 1-3 and long dactylus on pereopods

4-6 is a condition found in Tanaella Nor-

man & Stebbing, 1886, but members of this

genus have uniramous uropods and differ-

ent cheliped structure. The special features

of the uropod are similar to these of Lep-

tognathiella spinicauda Bird & Holdich,

1984, but this species lacks an inflated car-

pal lobe on the cheliped. The distinctive

uropod and the inflated cheliped carpus are

not found in other members of Leptogna-

thiella Hansen, 1913. A specialized cheli-

ped similar to that of Tumidochelia has

been reported for Stenotanais hamicauda

Bird & Holdich, 1984, S. crassiseta Bird &
Holdich, 1984, Paraleptognathia bacescui

Kudinova-Pasternak, 1981, Akanthopho-

reus inermis Sieg, 1986, and to a lesser de-

gree, Akanthophoreus weddellensis Sieg,

1986; however, in these species, the uropod

is distinctively different from that of Tum-

idochelia. The amount of homoplasy indi-

cated by these conflicting characters is char-

acteristic of the Paratanaidoidea (see Larsen

& Wilson, 2002). With the exception of the

biarticulated uropodal exopod, Tumidoche-

lia fits the diagnosis for Colletteidae, but

does not come close to any other family

diagnoses within the Tanaidomorpha. Tum-

idochelia is therefore placed within the Col-

letteidae, although no phylogenetic analyses

have been performed to formally support

this designation.

Etymology.—Genus named for the inflat-

ed cheliped (Latin: inflated + cheliped =

tumidus + chelia).

Type species.—Tumidochelia randy i.

Tumidochelia randyi, new species

Figs. 1 & 2

Material.—Holotype: 1 non-ovigerous

female, USNM 1012109, Station NB3-2, 5

May 2000, 26°33.3912'N, 91°49.4653'W,

1875 m. Paratypes: 1 non-ovigerous female,

USNM 1012111, Station CI 2-2, 2 Jun

2000, 26°22.9752'N, 89°14.4854'W, 2920

m; 1 non-ovigerous female, USNM
1012112, Station AC 1-2, 19 May 2000,

26°23.2813'N, 94°33.2633'W, 2450 m; 2

non-ovigerous females, GCRL 2049, Sta-

tion B3-1, 10 May 2000, 26°09.8667'N,

91°44.1060'W, 2650 m.

Additional material.— 1 non-ovigerous

female. Station C7-1, 30 May 2000,

27°43.6967'N, 89°58.7782'W, 1080 m; 1

ovigerous female. Station CI 2-1, 2 Jun

2000, 26°22.765rN, 89°14.4849'W, 2922

m; 1 non-ovigerous female. Station MTl-2,

17 Jun 2000, 28°32.3703'N, 89°49.7338'W,

482 m; 2 non-ovigerous females. Station

NB5-2, 9 May 2000, 26°15.0855'N,

91°12.7524'W, 2060 m; 1 non-ovigerous fe-

male. Station S35-2, 11 Jun 2000,

29°19.9897'N, 87°02.9021'W, 667 m; 2

non-ovigerous females, Station S37-1, 13

Jun 2000, 28°33.4054'N, 87°45.7357'W,

2388 m; 1 non-ovigerous female. Station

S37-2, 13 Jun 2000, 28°33.4292'N,

87°45.644rW, 2,382 m; 1 non-ovigerous

female. Station S41-1, 8 Jun 2000,

28°00.8463'N, 86°34.5587'W, 2974 m.

Description.—Body sub-cylindrical,

elongate, approximately 7.7 times longer

than wide. (Figs. lA, B)

Cephalothorax (Figs. lA, B): Longer

than wide (1/w 1.33) with no pronounced

spines or setae.

Pereonites (Figs. lA, B): All approxi-

mately of equal length and width.

Pleon (Figs. lA, B): Having pleonites all

approximately of equal length and width.

Pleotelson (Figs. lA, B, H): Longer than

combined length of 3 pleonites and tapering

to a pointed apex.

Antenna 1 (Fig. IC): With 4 articles.

Stout at base tapering distally, approximate-

ly 0.65 length of carapace. Article 1 with 1

simple distal seta and 2 subdistal broom se-

tae; article 2 approximately 0.75 length of

article 1, with 2 simple distal setae; article

3 approximately 0.3 length of article 2, with
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Fig. 1. Tiimidochelia randyi new genus, new species, non-ovigerous female. A. Dorsal view. B. Lateral

view. C. Antenna 1. D. Antenna 2. E. Labrum. F. Maxilliped. G. Maxilla I. H. Pleotelson. I. Labium. J. Right

mandible. K. Left mandible.



500 PROCEEDINGS OF THE BIOLOGICAL SOCIETY OF WASHINGTON

Fig. 2. Tumidochelia randyi new genus, new species, non-ovigerous female. A. Left cheliped. B. Pereopod

1 with enlargement of dactylus and unguis. C. Pleopod 1. D. Pereopod 2. E. Pereopod 3. F. Pereopod 4. G.

Uropod. H. Pereopod 5. I. Pereopod 6 with enlargement of dactylus and unguis.

2 simple distal setae; article 4 narrowing

distally, approximately twice length of ar-

ticle 3, with 4 simple distal setae, 1 distal

broom seta, and 1 elongate aesthetasc.

Antenna 2 (Fig. ID): With 6 articles (ob-

served from undissected specimen). Ap-

proximately 0.5 length of antenna 1. Arti-

cles 1, 2 and proximal part of article 3 not

recovered; distal part of article 3 with 1

broom seta; article 4 approximately same

length as articles 5 and 6 combined, with 2

simple distal setae, 2 distal broom setae.

and 1 subdistal broom seta; article 5 ap-

proximately 0.75 length of article 4, with 1

simple distal seta; article 6 approximately

0.25 length of article 5, with 3 simple distal

setae.

Labrum (Fig. IE): Apex rounded, with

numerous setae.

Right Mandible (Fig. IJ): Molar process

of intermediate width and tapering distally,

with ring of terminal spines; incisor with 4

acute denticles.

Left Mandible (Fig. IK): Molar as in
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right mandible; incisor pointed; lacinia

mobilis wider than incisor with flat apex.

Maxilla 1 (Fig. IG): Endite with 8 ter-

minal spiniform setae of which, 3 are se-

tulose; palp not recovered.

Maxilla 2: not recovered.

Labium (Fig. II): Smooth with 2 blunt

lobes.

Maxilliped (Fig. IF): With smooth en-

dites; basis fused; palp articles 1-4 similar

in length; palp article 1 with simple outer

seta; palp article 2 with 3 simple distal se-

tae; palp article 3 with 4 simple distal setae;

palp article 4 with 6 simple distal setae.

Epignath: Not recovered.

Cheliped, left (Fig. 2A): Attachment via

sclerite. Basis smooth approximately same

length as carpus; merus narrowing distally,

with 1 subdistal ventral seta; carpus wid-

ening distally, with 1 simple dorsodistal

seta, 1 simple ventrodistal seta, distal side

inflated, extending distally past articulation;

propodus approximately same length as ba-

sis with 2 simple ventral setae mid-length,

and 3 small distal setae proximal to fixed

finger; fixed finger displaying distal notches

extending only to mid-length, with 3 medial

setae; dactylus large, with 1 dorsoproximal

seta.

Pereopod 1 (Fig. 2B): Basis robust with

no seta; ischium with 1 simple distal seta;

merus widening distally, with 1 simple ven-

tral distal seta; carpus rectangular approxi-

mately 0.8 length of merus, with 1 simple

dorsal distal seta and 1 simple ventral distal

seta; propodus elongate approximately 2

times length of carpus, with 1 simple ven-

tral subdistal seta; dactylus and unguis ap-

proximately 0.4 length of propodus, with

fine distal notches.

Pereopod 2 (Fig. 2D): Same as pereopod

1, except carpus bearing 1 simple dorso-

dorsal distal seta and 2 simple ventrodistal

setae.

Pereopod 3 (Fig. 2E): Same as pereopod

1, except ischium smooth; merus approxi-

mately 0.5 length of merus of pereopod 1

;

carpus with longer simple ventrodistal seta.

Pereopod 4 (Fig. 2F): Basis elongate with

1 simple ventroproximal seta; ischium with

1 simple ventral seta; merus widening dis-

tally, with 2 simple ventrodistal setae; car-

pus rectangular, slightly longer than merus,

with 4 simple distal setae; propodus ap-

proximately same length as carpus, with 3

simple distal setae; dactylus (including un-

guis) approximately same length as propo-

dus.

Pereopod 5 (Fig. 2H): Same as pereopod

4, except basis without seta; dactylus with

notches extending the full length of poste-

rior margin.

Pereopod 6 (Fig. 21): Same as pereopod

4, except basis approximately 0.2 times lon-

ger than basis of pereopod 4, without seta;

ischium with 2 simple distal setae; merus

approximately 0.3 times longer than merus

of pereopod 4; carpus approximately two

times longer than carpus of pereopod 4;

propodus approximately 0.3 times longer

than propodus of peroeopod 4, with 4 sim-

ple distal setae; dactylus approximately 0.2

times longer than dactylus of pereopod 4,

with notches extending 0.75 of length.

Pleopods (Fig. 2C): Protopod smooth;

endopod rectangular, with numerous simple

distal setae; exopod rectangular, with 1 ro-

bust proximal seta, and numerous simple

distal setae.

Uropods (Fig. 2G): Biramous, attached to

ventrolateral margin in mid-region of pleo-

telson. Protopod smooth, with dorsomedi-

ally directed process on inner distal margin;

endopod with 2 articles of approximately

equal length; article 1 with 3 simple distal

setae and 1 distal broom seta; article 2 with

3 simple distal setae; exopod approximately

0.25 length of endopod, with 2 articles; ar-

ticle 1 approximately twice length of article

2, with 1 simple distal seta; article 2 with

2 simple distal setae.

Remarks.—See remarks for genus.

Etymology.—The species named for

Thomas Randell "Randy" Knight, father of

the senior author, in appreciation of his sup-

port and encouragement of her academic

pursuits.



502 PROCEEDINGS OF THE BIOLOGICAL SOCIETY OF WASHINGTON

Acknowledgments

The U.S. Department of Interior's Min-

erals Management Service, through Con-

tract MMS/DOI 30991 with Texas A&M
University, supplied the materials used in

this report. The Danish Natural Science

Council provided funding for the second

author. Thanks to Gil Rowe and Guinn Fain

Hubbard, Texas A&M University, for over-

seeing the collection and processing of the

specimens and for their encouragement and

support during this project. Also thanks to

Jerry McLelland and Sara Lecroy, Depart-

ment of Coastal Sciences of University of

Southern Mississippi, who kindly reviewed

an earlier draft of the manuscript.

Literature Cited

Bird, G. J., & D. M. Holdich. 1984. New deep-sea

Leptognathiid Tanaids (Crustacea, Tanaidacea)

from the North-east Atlantic.—Zoologica Scrip-

ta 13:285-315.

Dojiri, M., & J. Sieg. 1997. Chapter 3. The Tanaidacea.

Pp. 181-268 in J. A. Blake & P. H. Scott, eds.,

Taxonomic Atlas of the Benthic Fauna of the

Santa Maria Basin and Western Santa Barbara

Channel, vol. 1 1 . The Crustacea Part 2. The Is-

opoda, Cumacea and Tanaidacea. Santa Barbara

Museum of Natural History, Santa Barbara,

California, 278 pp.

Gardiner, L. F. 1975. The systematics, postmarsupial

development, and ecology of the deep-sea fam-

ily Neotanaidae (Crustacea: Tanaidacea).

—

Smithsonian Contributions to Zoology 170:1-

265.

Hansen, H. J. 1913. Crustacea, Malacostraca. II. Dan-

ish Ingolf Expedition 3:1-127.

Kudinova-Pasternak, R. K. 1981. Tanaidacea. Pp. 94-

1 12 in A. P. Kusnjezov & A. N. Mironov, eds..

Benthos of the submarine mountain Markus

Necker and adjacent Pacific regions. Shirshov

Institute of Oceanography, Moscow.

Larsen, K. 2002. Tanaidacea (Crustacea: Peracarida) of

the Gulf of Mexico, X: the question of being

male.—Gulf and Caribbean Research 14:53-66.

, & T. Hansknecht. 2002. New species of the

genus Neotanais.—Journal of Natural History

(in press).

, & R. W. Heard. 2002. Two new deep-sea tan-

aidacean genera, Isopodidus and Cetiopyge

(Crustacea: Peracarida) from the Gulf of Mex-
ico.—Proceedings of the Biological Society of

Washington 1 1 5 :403-4 1 1

.

, & . 2003. Revision of the deep-sea

genus Tanaella (Crustacea: Tanaidacea).—Jour-

nal of Natural History (in press).

, & G. D. F Wilson. 2002. Tanaidacean phy-

logeny. The first step: the superfamily Paratan-

aidoidea.—Journal of Zoological Systematics

and Evolutionary Research 40:205-222.

Meyer, G. H., & R. W. Heard. 1989. Tanaidacea (Crus-

tacea: Peracarida) of the Gulf of Mexico. VII.

Atlantapseudes lindae, n. sp. (Apseudidae) from

the continental slope of the northern Gulf of

Mexico.—Gulf Research Reports 8:67-105.

Norman, A. M., & T R. R. Stebbing. 1886. On the

Crustacea Isopoda of the Lightning, Porcupine,

and Valorous Expeditions.—Transactions of the

Zoological Society of London 12:77-141.

Sieg, J. 1986. Tanaidacea (Crustacea) von der Antark-

tis und Subantarktis. II. Tanaidacea gesammelt

von Dr. J. W. Wagele wahrend der Deutschen

Antarktis Expedition 1983.—Mitteilungen aus

dem Zoologischen Museum der Universitat Kiel

2:1-80.

, & R. W. Heard. 1989. Tanaidacea (Crustacea:

Peracarida) of the Gulf of Mexico. VI. On the

genus Mesotanais Dollfus, 1897 with descrip-

tions of two new species, M. longisetosus and

M. vadicola.—Gulf Research Report 8:73-95.

Viskup, B. A., & R. W. Heard. 1989. Tanaidacea

(Crustacea: Peracarida) of the Gulf of Mexico.

VIII. Pseudosphyrapus siegi, n.sp. (Sphyrapi-

dae) from the continental slope of the northern

Gulf of Mexico.—Gulf Research Reports 8:

107-115.



PROCEEDINGS OF THE BIOLOGICAL SOCIETY OF WASHINGTON
116(2):503-508. 2003.

A new cavernicole species of the genus Anelpistina

(Insecta: Zygentoma: Nicoletiidae) from the Guanica
subtropical dry forest, Puerto Rico

Luis Espinasa and Monika Baker Alpheis

CEAMISH, Universidad Autonoma del Estado de Morelos, Av. Universidad #1001,

Col. Chamilpa, Cuernavaca, Mor. C.P. 62210, Mexico,

e-mail: espinasl@buzon.uaein.inx. espinasl@yahoo.com

Abstract.—A new species of genus Anelpistina (Insecta: Zygentoma: Nico-

letiidae) from the Antillean island of Puerto Rico is described here. This is the

first species of this genus to be described outside Continental America.

The sub-tropical dry forest reserve of

Guanica, Puerto Rico, contains 4050 hect-

ares of one of the best-preserved dry sub-

tropical forests in the world and is also host

to some of the island's greatest diversity of

species (Wiley 1985). Since the arrival of

European colonists in the 16th century,

90% of the island has been deforested, and

almost all remaining forests are intensely

disturbed. Puerto Rico's original forests

now remain largely in Guanica and in the

Luquillo Experimental Forest (Wiley 1985).

In 1981, UNESCO declared the Guanica

forest to be a biosphere reserve.

Guanica forest caves, from the middle

Tertiary Ponce limestone (Peck 1981), har-

bor several uniquely adapted cave organ-

isms (troglobites). La Cueva de los Murcie-

lagos de Guanica (The Bat Cave), a cave

with several sink and collapse entrances

and a large section floored by a brackish

lake containing vast quantities of liquefied

guano, is home to several such species in-

cluding three crustaceans, Stygiomysis hol-

thuisi, Metaniphargus bousfieldi, and

Thyphlatya monae. Another troglobite re-

corded from this cave is a thysanura insect

of the family Nicoletiidae, which P. Wy-
godzinsky determined to be from the genus

Cubacubana (Peck 1981).

In 1974, a single male thysanura of the

genus Anelpistina (Insecta: Zygentoma: Ni-

coletiidae) was collected from Cueva Mur-

cielagos by Dr. S. Peck and subsequently

deposited in the American Museum of Nat-

ural History in New York, U.S.A. Ac-

knowledging the expertise of P. Wygodzin-

sky on this group, we can probably exclude

the possibility that this is the specimen

studied by him as he would not have con-

fused this specimen, clearly an Anelpistina,

as belonging to the genus Cubacubana.

Therefore, this cave locality most likely

hosts two cave-adapted Nicoletiid species,

the new Anelpistina species described here,

and an undescribed Cubacubana species.

Espinasa (2000) described a cave in Mexico

in which two species of these genera co-

exist but with niche differentiation: Anel-

pistina in the surface and penumbra zone

and Cubacubana in the dark zone. The sit-

uation appears to be different in Guanica.

Since the new Anelpistina species of Guan-

ica appears to be cave-adapted based on its

long body and length of appendages, we as-

sume that it inhabits the dark zone.

Materials and Methods

A single individual was in a vial with

ethanol in the collection of the American

Museum of Natural History. Dissections

were made with the aid of a stereomicro-

scope. All illustrations were made with the
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aid of a camera lucida attached to a com-

pound microscope.

Type was deposited in the American Mu-
seum of Natural History.

Anelpistina puertoricensis, new species

Figs. lA-E, 2A-D, 3A-F

Type material.—Puerto Rico, Guanica

State Forest, La Cueva de los Murcielagos

de Guanica (the bat cave), about 9 km E of

Guanica. 12-14 Jun 1974. Stewart B. Peck

& J. Peck colls. Male holotype. Personal

contact with S. B. Peck corroborated the

collection locality.

Description.—Body length 13 mm. An-

tennae and caudal appendages broken.

Maximum conserved length of antennae 10

mm and of caudal appendages 2 mm. Body
proportions as in Fig. lA. General color

light yellow to white.

Antennae as shown in Fig. IB-C. Basal

article without projections. Pedicellus two

thirds as long as the basal article, with uni-

cellular glands on the ventral surface with

a row of microchaetae bordering them in

the form of a "U". The glands cluster into

three groups, one very long and partially

subdivided (Fig. IB). Head with abundant

and long macrochaetae, as shown in Fig.

IC, with approximately 8 + 8 macrochae-

tae on border of insertion of antennae. Mi-

crochaetae less abundant on back of the

head.

Mouthpart appendages relatively long,

maxilla as shown in Fig. ID. Last articles

of maxillary palp missing in individual.

Apex of maxillary palp with two conules of

similar width. Mandibles long, without very

small pegs on bigger tooth and chaetotaxy

as in Fig. IE. Labial palp as in Fig. 2A,

apical article barely longer than wide and

barely longer than the next to last article.

Penultimate article with bulge containing

two macrochaetae. Labium and first article

of the labial palp with macrochaetae.

Mesonotum with approximately 5 macro-

chaetae on lateral borders apart from sev-

eral setae of varied sizes (Fig. 2D). Legs as

shown in Fig. 2B-C. Hind tibia approxi-

mately 5X longer than wide and slightly

shorter than tarsus. Inner face of trochanter

with a projection like a talon (Fig. 2C). Tro-

chanter in first and second legs normal.

Claws of normal size.

Abdominal terga and sterna as in other

members of genus. Abdominal sterna II-

VII subdivided into coxites and sternite.

Sterna VIII and IX of male entire. Append-

ages of urosternum IV relatively short, at-

taining slightly above 1/2 the length of sty-

lets, and approximately 3X longer than

wide (Fig. 3A). Outer border with a row of

pegs (Fig. 3A-B). Apex of appendages with

a small hook (Fig. 3B). Urosternum VIII of

male long and shallowly emarginate on

posterior margin, posterior projections

slightly acute (Fig. 3C). Urosternum IX
without a row of sensory cones, highly

sclerotized submedian longitudinal macro-

chaetae, or a small group of short distinct

setae behind insertion of parameres in cen-

ter. Inner projection of insertion of stylets

enlarged and protruding (Fig. 3C). Protu-

berance of internal face of coxal processes

with spiniform macrochaetae highly scler-

otized (Fig. 3C-D). Point of insertion of

parameres in urosternum IX deep. Stylets

II-VIII as usual for subfamily. Stylets IX
larger than others, with 2 macrochaetae and

an extra subapical pair, but otherwise with-

out pegs or modifications (Fig. 3C). Ter-

minal spine with small teeth. Urotergite X
shallowly emarginate, posterior angles with

several macrochaetae and a few relatively

strong setae. Length of inner macrochaetae

slightly longer than distance between them

(Fig. 3E).

Penis and parameres as shown in Fig.

3C-D. Parameres attain slightly below Vi

the length of stylets IX in adults. Surface

of parameres with short setae.

Cerci of adult male with a wider than

long basal article, then a very long one

bearing numerous spines. Spines consist of

a very small one, a strong, subacute one

inserted in a tubercle, another very small

one and a long, acute and slightly curved
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#

Fig. 1. Anelpistina puertohcensis, n. sp.: Adult male holotype; A. Body; B. Pedicellus; C, Head and basal

portion of antenna; D, Maxilla; E, Mandible.

one also inserted in a tubercle. Below this opment unknown because only a single

group several long and highly sclerotized male examined. It is assumed that this in-

macrochaetae inserted in tubercles (Fig. dividual is an adult based on its large size

3F). and the pedicellus already with unicellular

Females unknown. Postembryonic devel- glands. The number of pegs on appendages
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.5 mm
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Fig. 2. Anelpistina puertoricensis, n. sp.: Adult male holotype; A, Labium; B, Hind leg; C, Hind trochanter;

D, Thoracic terga.
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Fig. 3. Aiielpistina puertoricensis, n. sp.: Adult male holotype; A, Urosternum IV; B, apex of articulated

appendage of urosternum IV; C, Urosternum VIII and IX, ventral; D, Urosternum IX, lateral; E, Urosternite X;

F, Cercus basal portion.
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of urosternum IV are variable, seven on the

right side and five on the left. This character

may also be variable in the postembryonic

development. We could expect a reduced

number of pegs in younger instars or higher

in older ones. Comparison to other species

within the genus indicates that in younger

instars, a reduction in or even the absence

of secondary sexual characters such as the

unicellular glands in the pedicellus, talon in

legs, length of appendages of urosternum

IV, length of parameres, and spines in cerci

may be expected.

Known range.—Known only from the

type locality.

Etymology.—In reference to the type lo-

cality, the Caribbean island of Puerto Rico.

Remarks.—Adult males of the genus

Anelpistina can be easily subdivided by the

morphology of the appendages of uroster-

num IV (Fig. 3A). Anelpistina decui (Wy-

godzinsky & Hollinger 1977) and A. inap-

pendicata (Espinasa 1999) lack them. In A.

weyrauchi (Wygodzinsky 1959), the medi-

um-sized appendages have a small subapi-

cal projection on outer margin, and two

projections on both sides of insertion of sty-

lets. A. ruckeri (Silvestri 1905), A. carri-

zalensis (Wygodzinsky 1946), and A. dor-

adoi (Espinasa and Baker Alpheis 2001)

have simple appendages of very long size,

their length being approximately equal to

twice the length of urosternum IV and more

than 6X longer than wide. Adults of A. an-

ophtalma (Bilimek 1867), A. wheeleri (Sil-

vestri 1905), A. miranda (Silvestri 1912), A.

boneti (Wygodzinsky 1946), A. bolivari

(Wygodzinsky 1946), and A. cuaxilotla (Es-

pinasa 1999) have simple appendages of

medium size, their length being similar to

the length of urosternum IV and less than

5X longer than wide, with a small hook on

the apex (Figures of Silvestri 's description

of A. wheeleri and A. miranda are not clear

enough on the presence or absence of the

hook). The new species belongs to this last

group.

The new species can be differentiated

from all congeners by the presence of pegs

in appendages of urosternum IV (Fig. 3B),

trochanter with a projection like a talon

(Fig. 2C), and the coxal processes of uro-

sternum IX, with the inner projection of the

insertion of stylets enlarged and protruding

(Fig. 3C).
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A second species of the rare milliped family Apterouridae

(Diplopoda: Chordeumatida: Striarioidea)

William A. Shear

Biology Department, Hampden-Sydney College, Hampden-Sydney, Virginia 23943, U.S.A.

Abstract.—Apterourus serratus, sp. nov., is described from a single male

collected in Monterey County, California, U.S.A. This is the fourth sexually

mature specimen and second species in the family to be found since the original

collection of A. horizontalis Loomis, in 1929. Features of the gonopods of the

new species and second and ninth legs confirm the placement of the family in

the suborder Striariidea, superfamily Striarioidea. New figures of the gonopods

of A. horizontalis are provided.

A number of families of millipeds are not

only monobasic (including a single genus)

but are also based on monotypic genera (in-

cluding a single species). For many of these

families, their apparent distinctness is the

result of our ignorance, i.e., we have not

understood the real relationships of the spe-

cies involved or have yet to find their rel-

atives. In such cases, the system may be

best served by eventually collapsing the

monobasic families into larger units that

more accurately reflect their phylogenetic

position. For a few of them, however, their

monobasic states may be the taxonomic

consequence of the great age of the group,

as the last remnants of phyletic lines iso-

lated by extinction. In such cases, the main-

tenance of these taxa seems well justified,

although such status can only be inferred

by their evident distinctness from their

nearest relatives. Such appears to be the

case for the milliped family Apterouridae.

The family Apterouridae was established

by Loomis in 1966 for the single species

Apterourus horizontalis, described as new
from specimens that had been collected in

southern California by O. F Cook in 1929.

When I surveyed North American chordeu-

matids in 1972, the type specimens of A.

horizontalis Loomis (the only known ma-

terial) were unavailable for study, and the

original description lacked information

needed for an accurate systematic place-

ment of the family. The specimens were fi-

nally located in the collections of the Na-

tional Museum of Natural History (Smith-

sonian Institution), and in 1977 I rede-

scribed A. horizontalis, correcting a number

of crucial errors due to the failure of Loom-
is to completely dissect the male; these er-

rors were the source of the taxonomic prob-

lems. Properly understood, apterourids find

a place as members of the superfamily Stri-

arioidea, a moderately diverse assemblage

of chordeumatidans limited, except for one

species, to North America, and with its cen-

ter of diversity along the Pacific Coast.

Order Chordeumatida Koch, 1847

Suborder Striariidea Cook, 1896

Superfamily Striarioidea Cook. 1896

Family Apterouridae Loomis, 1966

Apterouridae Loomis 1966:221.—Shear,

1972:247; 1977:689.

Diagnosis.—Thirty segments in both

sexes. Terga granulate, strongly arched,

bearing prominent bilobed paranota. Gon-

opods with two colpocoxites, one of which

sheaths a branch or branches of a flagello-

coxite. Ninth legs strongly reduced, lacking

telopodites, concealed beneath reflexed

gonopods, wholly enclosed within seventh
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diplosegment. Coxae 10 and 11 with ever-

sible glands. Openings of vas deferentia on

posterior surfaces of second coxae, sur-

rounded by short, membranous tubes.

Monobasic.

Notes.—My earlier discussion of the

family (Shear 1977) corrects the erroneous

interpretations in the original description

(Loomis 1966). However, in 1977 my un-

derstanding of chordeumatid gonopods and

the relationships of the families was quite

different than it is now (Shear 2000). Ad-

ditional study of the gonopods of several

striariidean families has led to a more ac-

curate interpretation.

Chordeumatidan gonopods are primitive-

ly derived only from the modified eighth

legpair. The ninth legpair should be called

"posterior gonopods" only in members of

the suborders Chordeumatidea and Hetero-

chordeumatidea, where their modification

suggests a possible role in spermatophore

transfer. Indeed, in a few species of these

groups, the anterior gonopods are complete-

ly suppressed and their function has been

entirely assumed by the posterior gonopods,

a development that has led to considerable

confusion. In the suborder Striariidea, the

ninth legs have coxites only in the super-

family Caseyoidea, and there they only

serve to physically support the gonopods.

In the superfamily Striarioidea, to which the

Apterouridae undoubtedly belong, ninth leg

coxites are absent. The ninth legs are very

strongly reduced in both known species of

apterourids, and completely concealed in

situ by the gonopods; there is no evident

division between sternum, coxa and telo-

podite.

Returning to the gonopods proper, I am
now sure that all choreumatidan gonopods

are derived entirely from the coxae, and the

telopodite of the eighth leg plays no role.

Vestigial telopodites are present in a few

families of the superfamilies Brannerioidea

and Antroleucosomatoidea (see, for exam-

ple. Shear 2002), where they appear as

small, articulated, rodlike structures bearing

a few apical setae. What I persistently

called "telopodites" prior to about 1995

are, in fact, colpocoxites, the sclerotized

and sometimes elaborated homologs of the

coxal glands of the eighth legpair. The rest

of the elaborations of the gonopod are prop-

erly referred to as angiocoxites: derived

from the body of the coxa and rim of the

coxal gland opening.

The following general description of ap-

terourid gonopods incorporates these new
interpretations. There appears to be no dis-

tinct sternum, and the sternal apodeme aris-

es directly from the coxal region (Fig. 3A),

which therefore is best termed a coxoster-

nite. The right and left gonopods are sepa-

rate and linked only by lightly sclerotized

membrane. As in other Striariidea, each an-

giocoxite is fundamentally bipartite. The
mesal section in Apterourus consists of two

flagelliform branches, the inner being the

largest (mcl, mc2. Fig. IE). The outer, or

ectal, angiocoxite section (ec. Fig. ID)

forms a broad sheath, within which is nest-

ed a movable flagellocoxite (fc, Fig. IE;

term introduced by Gardner & Shelley

[1989]). Although I referred to a low,

mound-like colpocoxite in A. horizontalis,

I could not detect one in the new species,

nor could such a structure be found on re-

examination of the types of A. horizontalis.

Either the colpocoxite is completely lack-

ing, or what I am referring to as the flagel-

locoxite is in fact a colpocoxite. Unfortu-

nately, it is not possible at this point to de-

cide between these two alternatives.

I remain confident in my placement of

the family in the Striariidea, and now it

seems clear that the apterourids are the

adelphotaxon of Striariidae + Rhiscosom-

ididae, based on the flagelliform mesal an-

giocoxite branches and the extreme reduc-

tion of the ninth legs. The gonopods are

apomorphic in comparison to those of the

other two families in lacking a distinct

sternum. Striariids and rhiscosomidids

share a more plesiomorphic form of the

ninth legs, with separate telopodites not

concealed by the gonopods, and the mesal

angiocoxites are robust, flattened, and bear
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Fig. 1. Apterourus serratus, male. A. Typical segmental seta, 400X. B. Diagrammatic plan of segment 7.

posterioventral view; pt7, paratergum 7; g, gonopod; lp9, legpair 9. C. Ventral margin of left pleurotergite,

ventral view, 200X. D. Right gonopod, lateral view, 400X; ec, ectal coxite. E. Right gonopod, mesal view,

400 X; fc, flagellocoxite; mcl, mc2, branches of mesal coxite.

apical elaborations. All three families are

characterized by rather heavy sclerotiza-

tion and the presence of paranota, though

it is not clear that the paranota are homol-

ogous in all of them. Those of the rhisco-

somidids and apterourids look similar, but

paranota-like extensions in an undescribed

genus of striariid (minute creatures recent-

ly recognized in collections from Califor-

nia and Oregon) appear to be exaggerated

segmental crests set low on each segment.

The smaller basal lobe of an apterourid

paranotum is actually a distinct structure,

set higher on the segment than the main

part of the paranotum, raising the possibil-

ity that the two are developed from sepa-

rate crests, the remainder of which have

been entirely suppressed.
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Fig. 2. Apterourus serratus, male. A. Ninth legs,

anterior view, 200 X. B. Right tenth leg, anterior view,

200X. C. Left eleventh leg, anterior view, 200X.

Apterourus Loomis, 1966

Apterourus Loomis 1966:221.-

1977:689.

-Shear,

Diagnosis.—As for family.

Contents and distribution.—Apterourus

horizontalis Loomis, A. serratus, sp. nov.

Known from two localities in southern Cal-

ifornia. The localities are separated by

about 435 km, a rather remarkable distance.

I strongly suspect that additional species of

Apterourus await collection and description

in the intervening region.

Notes.—The name of the genus is a

Greek neologism roughly meaning "wing-

less tail," and refers to the absence of par-

anota posterior to segment 26 in A. hori-

zontalis (Loomis 1966).

Apterourus serratus, new species

Figs. 1, 2

Type.—Male holotype (Essig Entomo-
logical Museum, University of California,

Berkeley) from California, Monterrey
County, 12 km SE of California Highway
1 on Palo Colorado Road, collected in a

pitfall trap by A. Gilbert and B. Oliver, 23

Feb 1984.

Diagnosis.—Distinct from A. horizontal-

is in details of the gonopods, ninth legpair,

and tenth coxae; the inner edge of the fla-

gellocoxite of the gonopod of the present

species is serrated, that of A. horizontalis

smooth; the ninth leg coxae of A. serratus

are much more reduced than in A. horizon-

talis, appearing as small hooks each with a

single basal tooth, rather than as concave

lamellae; the tenth coxae of A. horizontalis

have a large apical knob that is absent in

those of A. serratus. The modifications of

the seventh segment of the male described

below are not seen in A. horizontalis. Ad-
ditionally, the males of A. horizontalis have

4-5 poorly developed, indistinct ocelli,

while the single male of A. serratus has 15

uniform, well-defined ocelli in an oval

group. The posterior lobes of the paranoia

are acute in A. horizontalis, rounded in A.

serratus.

Etymology.—The species epithet refers

to the serrate margins of the gonopod cox-

ites.

Male holotype.—Length, about 5.8 mm;
width, 0.8 mm across the paranoia of seg-

ment 6. Structure generally as described for

A. horizontalis (Loomis 1966, Shear 1977),

but paranota smaller, thicker, with posterior

lobe low and rounded; paranota growing

smaller after segment 18, absent from seg-

ments posterior to 24. Metazonites coarsely

granular, especially at bases of paranota.

Segmental setae (Fig. lA) blunt-tipped.

Color dark brown. Pregonopodal legs (pairs

3-7) slightly more crassate than postgono-

podal legs; legpair 3 not notably larger than

others, lacking modifications to prefemora.

Segment 7 modified (Fig. IB, C); pleu-
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Fig. 3. Apteroiirus horizontalis. A. Left gonopod, mesal view, 200X; mc, mesal coxite; fc, flagellocoxite;

ec, ectal coxite. B. Ninth legs of male, anterior view, 200X. C. Female genitalia, ventral view, 200X; Iv, lateral

valve; mv, mesal valve; r, receptacle.

rotergites meet in ventral midline, each

bears long posterior extension fitting dorsal

to gonopods.

Gonopods (Fig. ID, E) with ectal coxite

(ec) broadly based, apically acuminate, out-

er margin with few distal teeth, inner mar-

gin conspicuously serrate. Mesal coxite

(mcl, mc2) bipartite; outer branch short,

curved, acute; inner branch longer, heavier,

sharply curved mesoventrally at tip. Fla-

gellocoxite (fc) broad, with distinct, even,

marginal serrations. Ninth legs (Fig. 2A)
consisting of single, fused coxosternal unit,

tapered, curved, with mesal teeth on each

side, with lateral setal group. Legpairs 10

(Fig. 2B) and 11 (Fig. 2C) with coxal

glands, coxae 10 without distal knobs.

Female unknown.

Distribution.—Known only from the

type locality.

Notes.—The pitfall trap from which the

type was taken was evidently in place all

winter, having been set up in November and

collected in February. No information is

available on the nature of the habitat. Ap-

terourus horizontalis was also collected in

February, and this meager evidence points

to surface activity by these millipeds in the

cooler, rainier winter months.

Apterourus horizontalis Loomis, 1966

Fig. 3

Apterourus horizontalis Loomis, 1966:223,

figs. 1-4.—Shear, 1977:689, figs. 1-8.

Types.—Male holotype, male, female

and juvenile paratypes from Cajon Pass,

11.25 km W of Cajon on Big Pine Road,

San Bernardino Co., California, collected

14 Feb 1929 by O. F Cook, deposited in
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the National Museum of Natural History,

Smithsonian Institution (myriapod collec-

tion, USNM 3159).

Notes.—I re-examined the types for this

study. My earlier redescription is generally

accurate, but in my 1977 fig. 1, the seg-

mental setae are shown as acute; in fact

they are blunt and slightly clavate as in A.

serratus (Fig. lA, this study).

For purposes of comparison with the new
species, new figures of the gonopods (Fig.

3A) and ninth legs (Fig. 3B) are presented

here. While I characterized the gonopod in

1977 as having a low, mound-like colpo-

coxite ("telopodite"), I cannot now, using

better optical equipment, detect such a

structure. Because of a growing awareness

that the female genitalia of millipeds may
be of taxonomic utility, those of A. hori-

zontalis are illustrated here (Fig. 3C).
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(JLC, JACB) Institute de Ciencias del Mar y Limnologia, U. N. A. M. Estacion Mazatlan,

Apartado Postal 811, Mazatlan 82000, Mexico;

(PG, DMFS) Institute de Ciencias del Mar y Limnologia, U. N. A. M. Circuito Exterior S/N

Ciudad Universitaria 04510, Mexico, D. F. Mexico

Abstract.—Two new species of Chondrilla from the Mexican Pacific coast

are described, based mainly on the distribution of the spherasters throughout

the body of the sponge and in the cortex. Chondrilla montanusa, n. sp. is

mainly characterized by the presence of a minutely warty surface formed by

the accumulation of the spherasters in the cortex which gives it a microtuber-

culate aspect. This feature clearly distinguishes the species from other known
species of Chondrilla. Chondrilla pacifica, n. sp. is easily distinguished from

the former by having a smooth surface and a thin layer of spherasters in the

cortex and by a low proportion of spicules in the choanosome, which is clearly

different from the related C. verrucosa. We also describe Chondrosia tenochca,

n. sp., mainly characterized by having a cortex composed of two layers, a very

dense choanosome, with hardly any canals, little or no foreign debris, and

spherulous cells that are very irregularly formed. A key to all chondrillids from

the East Pacific is also provided.

Chondrosida is a group of encrusting to

massive, liver-like or gelatinous sponges

(Levi 1973) with only four valid genera:

Chondrosia Nardo, 1847, Chondrilla

Schmidt, 1862, Thymosia Topsent, 1895,

and Thymosiopsis Vacelet & Perez, 1998.

These genera had traditionally been includ-

ed in two different families: Chondrillidae

Gray, 1872 and Chondrosiidae Schulze,

1877. Even though Chondrosiidae has been

used by many authors, the recent tendency

is to include these genera in a single family

Chondrillidae (Bergquist 1978, Hooper &
Wiedenmayer 1994). It was difficult to as-

sign these genera to ordinal level mainly

because of the complete lack of spicules;

the megascleres have been lost secondarily,

and in some chondrillids, microscleres may
or may not be present (such as Chondrosia)

(Topsent 1895). Moreover, biochemical ev-

idence showed the affinity of Chondrillidae

with the order Hadromerida (Bergquist

1978). Due to these features the order

Chondrosiida was proposed to harbor the

family Chondrillidae (Boury-Esnault &
Lopes 1985). Later, molecular data con-

firmed the validity and the monophyly of

the order Chondrosiida (Boury-Esnault

2002).

The systematics of the group has been

based almost entirely on the size and mor-

phology of the spicules, which in Chon-

drilla are exclusively asters, mainly spher-

asters. However, the size and morphology

of the spherasters can vary between popu-

lations of the same species and, thus, may
be an unreliable character to discriminate

between species (Bavestrello et al. 1993,

Klautau et al. 1999). This lack of morpho-

logical taxonomic characters in many gen-

era such as Chondrilla (Klautau et al.

1999), or the avoidance of proper tech-
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niques to study small microscleres in detail

in genera such as Guitarra (Boury-Esnault

et al. 1993), Mycale (Carballo & Hajdu

1998), etc., have led many morphologically

similar but evolutionary distinct species to

be lumped into artificially cosmopolitan

morphospecies. A case in point is the

sponge species Chondrilla nucula, which

traditionally has been considered to have a

very wide geographical distribution, but

was recently separated into five distinct ge-

netic forms in the Caribbean and the South-

western Atlantic (Klautau et al. 1999). Cur-

rently, the sponge populations from the

Mediterranean and the adjacent Atlantic

(coasts of Spain, Portugal and Morocco) are

the only ones considered to be Chondrilla

nucula (Klautau et al. 1999). It has also

been recently suggested that Chondrosia

reniformis (as with Chondrilla nucula) may
be a species complex, and that citations of

this species in places such as the Indo-Pa-

cific region are probably not correct (La-

zoski et al. 2001).

Of the four genera included in the family,

only Chondrosia and Chondrilla are rep-

resented in the East Pacific. In the North-

eastern Pacific the only known Chondrilla-

species is Chondrilla nucula [recorded by

de Laubenfels 1935, by Green & Gomez
(1986) from the west coast of Mexico, and

by Hofknecht (1978) from the Gulf of Cal-

ifornia]. More recently Chondrilla verru-

cosa Desqueyroux-Faiindez & Van Soest,

1997 has been described in the Central

Eastern Pacific (Galapagos Islands), which

is actually the only record of the genus

Chondrilla from the Southeast Pacific.

This study seeks to clarify the differences

between the taxonomy of sponges of the

family Chondrillidae in the Mexican Pacif-

ic. Three new species are recognized:

Chondrilla montanusa, n. sp., Chondrilla

pacifica, n. sp. and Chondrosia tenochca,

n. sp.

Materials and Methods

Specimens were collected by scuba div-

ing and snorkelling along the Mexican

coast of the Pacific Ocean and preserved in

70% alcohol. Spicule preparation followed

the techniques described by Riitzler (1974)

for light and scanning electron microscopy

(SEM) using a JEOL JSM-35 and a gold-

coated 300 A layer. Twenty or more spic-

ules randomly chosen were measured for

each of the specimens studied.

Material, paratypes and spicule slides

have been deposited in the sponge collec-

tion of the Laboratorio de Ecologia del

Bentos del Instituto de Ciencias del Mar y
Limnologia (ICMyL) in Mazatlan, Mexico
(LEB-ICML-UNAM), as well as in the Co-

leccion Nacional del Phylum Porifera Ger-

ardo Green in Mexico, D. E (CNPGG). The

type material has been deposited in the Mu-
seo Nacional de Ciencias Naturales in Ma-
drid (Spain) (MNCN) and in the British

Museum of Natural History (BMNH) (Lon-

don).

Results

Order Chondrosida Boury-Esnault &
Lopez, 1985

Family Chondrillidae Gray, 1872

Synonymy.—see Boury-Esnault 2002.

Diagnosis.—Chondrosida, encrusting to

massive, with a marked cortex enriched

with fibrillar collagen, with inhalant aper-

tures localized in pore-sieves or cribriporal

chones and a skeleton often absent, com-

posed, when present, of nodular sponging

fibers or aster microscleres only (never me-

gascleres). Collagen always very abundant.

Oviparous (Boury-Esnault 2002).

Chondrosia Nardo, 1847

Synonymy.—See Boury-Esnault 2002.

Type species.—Chondrosia reniformis

Nardo, 1847 (by monotypy).

Diagnosis.—Chondrillidae without skel-

eton and with a well developed cortex made
of thick fascicles of collagen and with nu-

merous spherulous cells (Boury-Esnault

2002).
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Chondrosia tenochca, new species

Synonymy.—Chondrilla nucula De Lau-

benfels, 1935: 12.

Material examined.—Holotype: MNCN
1.01/236, Cerritos, (Mazatlan, Sinaloa),

23°18'5r'N, 106°29'31"W, 18 Feb 2000, in-

tertidal, on rocks. Paratypes: LEB-ICML-
UNAM-59, Islas Isabeles (Nayarit),

2r50'33"N, 105°53'10"W, 20 Nov 1999, in-

tertidal, on rocks. LEB-ICML-UNAM-120,
Cerritos, (Mazatlan, Sinaloa), 23°18'51"N,

106°29'31"W, 18 Feb 2000, intertidal, on

rocks. LEB-ICML-UNAM-474, Antiguo

Corral del Risco (Punta Mita, Nayarit),

20°46'20"N, 105°32'49", 7 Apr 2002, 4 m
depth, on dead corals. CNPGG-0457, Bahia

Santa Cruz (Oaxaca), 15°45'N, 96°07'W. 22

Nov 1985, 1-2 m depth.

Description.—Encrusting to semi-en-

crusting sponge, 2 to 10 mm thick, spreads

out over rocky substrate, covering areas up

to about 6.5 X 5 cm. The smallest speci-

mens measure 1 by 1.4 cm. The sponge is

firm, rubbery and variably compressible.

Live specimens have conspicuous oscules,

circular to oval, up to 2 mm in diameter,

some with slightly elevated rims. The sur-

face is smooth and shiny. The color is even-

ly dark brown or black on the top of the

sponge, and dark gray on the sides. Choan-

osome and base are ivory-colored. The col-

or is well preserved in spirit, but paler after

several years. The choanosome is very

dense, almost without canals (fleshy), with

little or any foreign debris. It has a notori-

ous undetachable cortex up to 300 |xm

thick, free of debris. The cortex seems com-

posed of two layers: the most superficial

with a very high density of spherulous

cells, and the internal with less spherulous

cells. The density of these cells in the

choanosome decreases slightly from the

zone near the cortex to the basal part. The
spherulous cells contain 9 to 20 spherules

0.5 to 2.5 |jLm in diameter. They are very

irregular in form; most frequently they are

enlarged or oval.

Distribution.—The species has been

found in Oaxaca, Nayarit and Sinaloa

(Mexico, eastern Pacific). De Laubenfels

(1935) described an encrusting (2-3 mm
thick) and aspiculous sponge from the West

coast of the Peninsula of California as

Chondrilla nucula, which should be consid-

ered a Chondrosia tenochca. Between to

4 meters depth, typical of the intertidal

zone, on rock or dead coral.

Etymology.—Tenochca means tribe that

inhabited Mexico. The term is derived from

the Nahuatl word "Tenochtitlan", which

was the largest city in America in its time.

Remarks.—De Laubenfels (1936) estab-

lished Chondrosia chucalla from the Cen-

tral Pacific as a nomen novum for C col-

lectrix Lendenfeld, 1888 from Australia, in

order to correct a junior secondary hom-
onym of C. collectrix Schmidt, 1870 from

the Caribbean. Previously, C collectrix

Lendenfeld, 1888 was considered a syno-

nym of C spurca (Carter, 1887) by Topsent

(1895). Later, Wiedenmayer (1989), and

Hooper & Wiedenmayer (1994) considered

C. spurca Carter, 1887 a synonym of C re-

ticulata (Carter, 1886, as Halisarca retic-

ulata). Our specimens match the descrip-

tion of C. chucalla sensu de Laubenfels

( 1 954) but do not agree with the description

of C. reticulata, a deep purple sponge with

foreign debris scattered or crowded
throughout the choanosome (Wiedenmayer

1989). Desqueyroux-Faundez & Van Soest

(1997) assigned specimens from the Gala-

pagos to C. chucalla with some hesitation,

as well as Wiedenmayer (1989), who
doubtfully considered the specific name
chucalla from the Central Pacific (de Lau-

benfels 1951, 1954, 1955) as a synonym of

C reticulata. We think that the de Lauben-

fels (1954) specimens, and ours, are a new
species, different from C. reticulata, and

must be considered as Chondrosia tenochca.

Chondrilla Schmidt, 1862

Synonymy.—see Boury-Esnault, 2002.

Type species.—Chondrilla nucula Schmidt,

1862 (by subsequent designation).

Diagnosis.—Chondrilhdae with a skele-
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ton composed only of siliceous spicules of

the aster type, mainly in the cortex and

around the canals (Boury-Esnault 2002).

Chondrilla montanusa, new species

Figs. 1, 2, 4, Table 1

Synonymy.—Chondrilla nucula Green &
Gomez, 1986:284.

Material examined.—Holotype: MNCN-
1.01/176, Isla Lobos (Mazatlan, Sinaloa),

23°13'49"N, 106°27'43"W, 17 Feb 2000, in-

tertidal, on rocks. Paratypes: BMNH-
2002.9.10.1, Isla Lobos (Mazatlan, Sina-

loa), 23°13'49"N, 106°27'43"W, 17 Feb

2000, intertidal, on rocks. LEB-ICML-
UNAM-428, Isla Pajaros (Mazatlan, Sina-

loa), 23°15'29"N, 106°28'25"W, 15 Feb

2002, 4 m depth, on rocks. LEB-ICML-
UNAM-135, Cerritos (Mazatlan, Sinaloa),

23°18'51"N, 106°29'31"W, 02/02/2001, 1 m
depth, on rocks. LEB-ICML-UNAM-136,
Isla Lobos (Mazatlan, Sinaloa), 23°13'49"N,

106°27'43"W, 02/17/2000, intertidal, on

rocks. CNPGG-0450, Hermano del Sur,

(Mazatlan, Sinaloa), 23°irN, 106°27'W,

Mar 1982 on barnacle shells. LEB-ICML-
UNAM-452, Cerritos (Mazatlan, Sinaloa),

23°18'5r'N, 106°29'31"W, 10/30/01, inter-

tidal on bivalve shell. CNPGG-0448, Cal-

erita (La Paz, Baja California), 24°22'N,

1 10°17'W, on rock. CNPGG-0449, Hermano
del Norte (Mazatlan Sinaloa), 23°11'N,

106°26'W, 03/1982. CNPGG-0458, Bahia

Tangolunda (Oaxaca), 15°46'N, 96°05'30"W.

Description.—Thinly encrusting, 1-4 mm
thick, covering rocky substrate up to about

2.5 by 7 cm. The surface is shiny and mi-

nutely warty, these warts are evenly scat-

tered and conspicuous, 183-(226)-283fxm in

diameter, 50-265 |jLm apart (Fig. lA). The

thickest specimens (up to 45 mm in thick-

ness) have a mostly smooth surface, with a

few warts in some areas and on the edges.

Oscules are slightly elevated in some spec-

imens (up to 2 mm). The consistency is car-

tilaginous. The color alive is black, dark

brown or gray (slightly mottled); it is light

gray towards the border and in the choano-

some; it conserves the same color in spirit.

Structure.—Cortex not detachable, up to

about 400 |jLm thick (250-500 iJim at the top

of a wart), organized by accumulated spher-

asters in mounds, forming a very particular

layer that gives the surface a warty appear-

ance. In the choanosome the spherasters are

scarce and wide apart, they are mainly at

the base of the sponge and surrounding the

canals. Canal diameters are 20-370 jjim.

The spiculation consists of spherasters 25.5

|jLm in average diameter (Table 1), which

may appear in very different shapes in a

single specimen: rays can be conical, short

and blunt or reduced, in some cases mam-
miform. Others have only a centrum with

very small rays or a granulose surface. The
extremities of the rays are often smooth,

seldom slightly rough, and sometimes ex-

hibit several small spines at the tip. The
number of rays varies between 10 to 26.

Distribution.—Sinaloa (Mazatlan) (Green

& Gomez 1986 as C. nucula), present re-

cords in Baja California Sur and Oaxaca.

Etymology.—The specific epithet is de-

rived from Latin montanusa, referring to

the mountain aspect of the cortex.

Remarks.—See below

Chondrilla pacifica, new species

Figs. 1, 3, 4, Table 1

Synonymy.—Chondrilla nucula Hojk-

necht, 1978: 55.

Material examined.—Holotype: MNCN-
1.01/233, Isla San Jose (La Paz, Baja Cal-

ifornia Sur), 21°01'41"N, 110°42'19"W, 26

Jan 2000, 1 m depth, on mangrove roots.

Paratypes: BMNH-2002.9.10.2, Isla San

Jose (La Paz, Baja California Sur),

21°01'41"N, 110°42'19"W, 26 Jan 2000, 1

m depth, on mangrove roots. LEB-ICML-
UNAM-14, Isla Pajaros (Mazatlan, Sina-

loa), 23°15'29"N, 106°28'25"W. LEB-
ICML-UNAM-84, Peiia de La Virgen (San

Bias, Nayarit), 21°31'05"N, 105°20'05"W,

22 Nov 1999, 5 m depth, on rocks. LEB-
ICML-UNAM-150, Cerritos (Mazatlan,

Sinaloa), 23°18'51"N, 106°29'31"W, 2 Jan

2001, 0.5 m depth, on rocks. LEB-ICML-



VOLUME 116, NUMBER 2 519

Fig. 1. A. Close up view of surface of Chotidrilla montanusa, new species, showing the characteristic warty

surface. Arrows indicate oscules. B. Close-up view of surface of Chondrilla pacifica, new species.
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UNAM-264, Paraje Viejo (Guaymas, So-

nera), 27°52'20"N, 110°52'08"W, 4 Nov
2000, 12 m depth, on rocks in cave. LEB-
ICML-UNAM-265, Paraje Viejo (Guay-

mas, Sonora), 27°52'20"N, 110°52'08"W,

11/04/2000, 12 m depth, on rocks. LEB-
ICML-UNAM-287, Ensenada de Bacochi-

bampo (Guaymas, Sonora), 27°54'37"N,

110°57'12"W, 6 Nov 2000, 6 m depth, on

bivalve shell. LEB-ICML-UNAM-301,
Punta Cazon (Kino, Sonora), 28°52'20"N,

112°02'0r'W, 8 Nov 2000, 3 m depth, on

rocks. LEB-ICML-UNAM-308, Isla San

Jose (La Paz, Baja California Sur),

21°01'41"N, 110°42'19"W, 21 Mar 2001, 1

m depth, on mangrove roots. LEB-ICML-
UNAM-368, 23°12'29"N, 106°25'40", Pun-

ta Chile (Mazatlan, Sinaloa), intertidal, on

dead bivalve shells. LEB-ICML-UNAM-
550, Sayulita (Nayarit), 20°52'29"N,
105°26'43", 5 m depth, on rocks. CNPGG-
0447, Punta Gorda (Ensenada, Baja Cali-

fornia), 31°47'N, 116°45'W, 6 Mar 1977.

CNPGG-0451, Bahia Concepcion (Baja Cal-

ifornia), 26°30'N, 111°45'W, 30 Oct 1998.

CNPGG-0453, (Guerrero), 17°54'24"N,

10r53'42"W, 11 Feb 1982, 10 m depth.

Description.—Encrusting or thickly en-

crusting over rocky substrate from 1 to 30

mm thick, covering areas up to 6.1 by 3.6

cm. Some specimens have meandering

lobes and rounded borders. In mangrove

habitats it covers submerged mangrove
roots like fleshy cushion-shaped or lobate

clumps up to about 2 cm thick (extent of

spread approximately 11.5 by 6.5 cm). The
color alive is black, dark-brown to light

brown or beige, often mottled on the upper

surface, and light beige to buff at the base

and choanosome. In spirit, whitish or the

same color as when alive. Specimens grow-

ing in dark areas or under rocks may be

pale. The consistency is cartilaginous, firm,

slightly compressible, and tough. The sur-

face is smooth and shiny (Fig. IB). Oscules

wide or evenly scattered all over the sur-

face, mostly minute (<l mm), and slightly

elevated in some specimens.

Structure.—Cortex pigmented, not de-
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Fig. 2. SEM. Spherasters of Chondrilla montanusa, new species. A-D. Holotype MNCN-LOl/176. E-I.

Paratype LEB-ICML-UNAM-135. J-K. Paratype CNPGG-0449. L-M. Paratype CNPGG-0458. Scale bars = 15

|xm (except detail 1 = 5 ixm).
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Fig. 3. SEM. Spherasters of Chondrilla pacifica, new species. A-H. Holotype MNCN-1 .01/233. I-P. Paratype

CNPGG-0451. Scale bars =15 |xm (except details H, O, P = 5 |xm).
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Fig. 4. Cross section of choanosome. A-B. Chondrilla montanusa holotype MNCN-LOl/176, detail of the

elevations in the surface of the sponge due to high proportion of spherasters. C. Ample aquiferous space with

spherasters organized in unispicular layer. D-E. Chondrilla pacifica holotype MNCN- 1.0 1/233, surface and

choanosome showing distribution of spherasters around canals and aquiferous spaces. F. Detail of the surface.
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tachable, up to 650 |jim in thickness, but

slightly differentiated in most encrusting

specimens (Table 1). The ostia (25-65 jjim

wide) are regularly distributed over most of

the surface. The choanosome is dense,

fleshy, with canals from 20 to 370 jjim in

diameter. The spiculation consists entirely

of spherasters, 25.5 jJim in average diameter

(Table 1). The rays are conical, smooth, or

slightly rough, but the extremities of the

rays are often rough or slightly spiny. In the

same specimens spherasters may appear

with small irregular and mammiform rays.

The number of rays varies between 20 and

30. The spherasters form a thin layer in the

ectosome. In the choanosome they are not

so abundant; they are scattered in the me-

sohyl, mainly surrounding the canals where

they are organized in an uni/bispicular lay-

er. In the basal part of the sponge they form

a very dense layer.

Distribution.—Northeastern Pacific coast

of Mexico. Nayarit (San Bias), Sinaloa

(Mazatlan), Sonora (Guaymas, Kino), Baja

California Sur (La Paz). Previously cited

from Sonora (Puerto Penasco) by Hof-

knecht (1978). On rocks, on bivalve shells,

on mangrove roots, small caves, between

and 12 meters depth.

Etymology.—The specific epithet refers

to the Pacific Ocean.

Remarks.—The two Chondrilla species

that coexist in the Mexican Pacific are

clearly separated by the type of surface and

the organization of the choanosome. The
surface in Chondrilla montanusa is micro-

tuberculate and smooth in C. pacifica.

Chondrilla montanusa is characterized by a

minutely warty surface, visible to the naked

eye, due to the high proportion of spher-

asters in the cortex. The proportion of

spherasters in the choanosome in C. mon-
tanusa is higher than in C pacifica.

Chondrilla pacifica is characterized by

the presence of spherasters with reduced

rays, a low proportion of spicules in the

choanosome mainly surrounding the canals,

and the presence of a smooth surface. A
closely related species to C pacifica is C

verrucosa, the only valid record of a Chon-

drilla species in the Central Eastern Pacific.

Chondrilla verrucosa is characterized

mainly by the warty surface of the spher-

asters (Desqueyroux-Faundez & Van Soest

1997) which can also appear in some spher-

asters of C. pacifica. However, the low pro-

portion of spicules in the choanosome of

the two new species distinguish them from

C. verrucosa, which has a clearly higher

proportion of spherasters in the choano-

some (Desqueyroux-Faundez & Van Soest

1997).

The morphology and the size of the

spherasters have been reported to vary be-

tween populations of the same species and

may not be a good character to discriminate

between the species of Chondrilla (Baves-

trello et al. 1993, Klautau et al. 1999).

However, the distribution and abundance of

the spherasters in the cortex and in the

choanosome appear to be better diagnostic

characters (Klautau et al. 1999).

Key to the Chondrillidae from the East

Pacific Coast

1. With spherasters 2

1'. Without spherasters Chodrosia tenochca

2. Surface completely or partly microtu-

berculate Chondrilla montanusa
2'

. Surface always smooth 3

3. Spherasters are mainly smooth and

scarce in the choanosome
Chondrilla pacifica

y . Spherasters are mainly warty and abun-

dant in the choanosome
Chondrilla verrucosa
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BIOLOGICAL SOCIETY OF WASHINGTON

129th Annual Meeting, 23 May 2002

President-elect Roy W. McDiarmid called the meeting to order at 11:05 a.m. in the

Waldo Schmitt Room, National Museum of Natural History. Council members present:

W. Duane Hope, Michael Carleton (Elected Council), Richard Sternberg (Editor), Stephen

Cairns and Frank D. Ferrari (Finance Committee), Storrs L. Olson (Custodian of Publi-

cations), Richard Banks, Bruce CoUette, Kristian Fauchald, David Pawson, Janet Reid,

Richard Vari (Past Presidents), T. Chad Walter (Treasurer), Carole C. Baldwin (Secretary).

Council members absent: Susan L. Jewett, G. David Johnson, Rafael Lemaitre, Jon No-

renburg.

McDiarmid announced that due to illness. President Kensley would not be presiding

over the meeting. McDiarmid noted that the Society had dealt with a number of difficult

issues during the past year, including the replacement of long-time Proceedings Editor

Brian Robbins and mail problems related to anthrax contamination of a postal facility in

Washington, D.C.

Minutes of the 128th Annual Meeting of the Society were approved, and McDiarmid
then called on Chad Walter for the Treasurer's Report (Table 1). Society income for the

period 1 January 2001 to 31 December 2001 was $126,129.06; expenses for the same

period were $178,033.71. Total assets for the Society as of 15 April 2002 were

$107,599.72, the Society's endowment account declining by $7,942.12 because of stock-

market fluctuations. Additionally, because of disruption to mail service at the Smithsonian

Institution following the closure of the Brentwood mail facility after anthrax contamina-

tion, $24,953.66 was withdrawn from the Society's endowment fund to cover costs of

publishing the Proceedings. By the end of April, all of the borrowed funds had been

returned to the endowment account. Stephen Cairns noted that the Audit Committee had

found the Treasurer's records to be in good order.

The new Editor of the Proceedings, Richard Sternberg, reported that his tenure began

1 January 2002, and that outgoing Editor Brian Robbins had handled the publication of

Volume 114 and the first issue of Volume 115. Sternberg reported that four issues of

Volume 114 were published comprising 85 papers and 988 pages. In addition, 31 papers

and 363 pages were published in Bulletin No. 10 (S. D. Cairns and C. G. Messing,

Editors), and a new Guidelines for Manuscripts (C. B. Robbins and D. B. Lellinger) was

pubhshed as a supplement to Volume 114(4). As of 22 May 2002, there were 42 sub-

missions for the year, up from 33 in May 2001; however, Sternberg noted that many of

those 42 submissions were postmarked in the Fall of 2001. There continues to be no

backlog for papers accepted in the Proceedings.

McDiarmid announced that the Council had voted to adopt four recommendations of

the Finance Committee: (1) Increase cost of reprints by approximately 20%; (2) increase

cost of hbrary subscriptions from $40 to $50 (which still keeps the price of the Proceed-

ings in the lowest five percentile of scientific journals); (3) re-invest $55,000 of the So-

ciety's endowment funds into the American Funds Investment Company of America; and

(4) establish gift-fund categories and list benefactors on a front page of the Proceedings.

These measures are designed to help the Society reach a financial goal of $200,000 in

the endowment fund. McDiarmid further noted that the Council had agreed to a vote at
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next year's annual meeting on a change suggested by the Finance Committee in By-Law
No. 8, which estabUshes and describes the Society's endowment fund. The proposed

change would remove "and surplus funds from operations" from the first sentence of By-

Law 8, and the amended first sentence would read as follows:

"Endowment Fund. There shall be an Endowment Fund which shall

consist of gifts from members and miscellaneous gifts."

The Finance Committee (Stephen Cairns, Frank Ferrari, Oliver Flint, and Chad Walter,

with assistance from Richard Banks) was thanked for its extended efforts on behalf of

the Society.

In view of the very low attendance by members at the annual meeting of the Society,

Bruce Collette suggested a single annual meeting in the future that combines the Council

meeting and the annual meeting; a decision regarding a single meeting will be made after

an Executive Committee examines the issue in more detail.

Results of the 2002 Election of Officers were then announced by President-elect

McDiarmid: Rafael Lemaitre (President-elect), Carole Baldwin (Secretary), Chad Walter

(Treasurer), Michael Carleton, G. David Johnson, Clyde Roper, Marilyn Schotte, Michael

Vecchione, and Don Wilson (Elected Council). Assuming his new role as President,

McDiarmid then thanked outgoing President Brian Kensley and adjourned the meeting.

Respectfully submitted,

Carole C. Baldwin

Secretary

Summary Financial Statement for 2001

General Endowment Total

Fund Fund Assets

Assets: January 1, 2001 29,028.46 83,732.79 112,761.25

Total Receipts for 2001 112,675.16 13,453.90^ 126,129.06

Total Disbursements for 2001 156,637.69 (21,396.02f 178,033.71

Assets: December 31, 2001 18,099.66 75,790.67 93,890.33

Net Changes in Funds (10,928.80) (7,942.12) (18,870.92)

"" annual gain in value of Endowment
^ annual loss in value of Endowment
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A

Abstract.—The rediscovery of Leptoxis melanoides, a pleurocerid snail from

the Black Warrior River drainage of Alabama, previously considered to be

extinct, is presented. The radula of L. melanoides more closely resembles that

of Elimia, and an analysis of 16S rDNA sequences positions the species within

a monophyletic clade of Elimia. Therefore, we re-describe the species as E.

melanoides, designate a neotype, precise type locality, and illustrate the spec-

imen and its radula.

The Mobile River basin, which drains

much of Alabama and parts of Georgia,

Mississippi, and Tennessee, is not only one

of the largest drainage systems east of the

Mississippi River (70,252 km-; Lydeard et

al. 1997), but was also home to more fresh-

water gastropod taxa than anywhere else in

the world, accounting for 118 species in

nine families (Bogan et al. 1995). Unfor-

tunately, based on recent surveys and lit-

erature records, 38 (32%) of the gastropod

species in the basin are now presumed ex-

tinct and many others have exhibited a

marked decline in their distribution. One
family that makes up a large component of

the aquatic gastropod fauna in the basin is

the Pleuroceridae.

Pleurocerids are freshwater, gill-breath-

ing, operculate snails that reach their high-

est diversity in the southeastern United

States (Burch & Tottenham 1980, Lydeard

& Mayden 1995, Neves et al. 1997). Un-
fortunately, 25 pleurocerid species and one

genus (Gyrotoma) are now presumed ex-

tinct due to the inundation of shoal areas by

impoundment and habitat degradation from

poor land use practices (Stein 1976, Bogan
et al. 1995, Lydeard & Mayden 1995, Ne-

ves et al. 1997). Besides Gyrotoma, the ge-

nus Leptoxis has fared equally poorly in re-

cent times, as 11 of 15 Leptoxis species in

the Mobile River system are presumed ex-

tinct. Eight of the presumed 1 1 species

were restricted to the main channel of the

Coosa River of Alabama (Bogan et al.

1995), which is now a highly modified and

regulated system (Hershler et al. 1990). Of
the three other species, L. compacta was re-

stricted to the middle portion of the Cahaba

River, which, although lacking major dams,

was and remains subject to high environ-

mental stress from urban development and

activity near the city of Birmingham. An-

other presumed extinct species, L. melanoi-

des, was restricted to the Black Warrior

River of Alabama. Recent surveys of the

Coosa (Bogan & Pierson 1993a, J. Godwin,

pers. comm.) and Cahaba (Bogan & Pierson

1993b) Rivers failed to find any of the pre-

sumed extinct Leptoxis species.

In 1996, the authors conducted a gastro-

pod survey in one of the few remaining
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Fig. L Map of sites visited in this study. Upper map shows location of Black Warrior River drainage, lower

map shows individual sites in Locust Fork portion. Closed triangles indicate those sites where Leptoxis melanoi-

des was present.

free-flowing rivers in Alabama, the Locust

Fork of the Black Warrior River. The main

objective of the study was to determine the

distribution of the third species, L. plicata,

now restricted to the Locust Fork. During

this survey, we rediscovered putative L.

melanoides. This paper reviews the taxo-

nomic and conservation history of L. mela-

noides, examines the historical and recent

distribution of the species, and evaluates its

phylogenetic position based on an analysis

of mitochondrial 16S rDNA sequences. In

addition, causes for the evident contraction

of the distribution of the species are pro-

vided, along with a complete re-description

of the species.

Methods

During the survey, 57 sites were visited

in the Locust Fork drainage of the Black

Warrior River in Blount, Etowah, Jefferson,

and Marshall Counties (Fig. 1 & Appendix

I). Leptoxis melanoides was found living in

a total of seven localities in Blount County,

five in the Locust Fork proper, and two in

the Little Warrior River. Five individuals of

L. melanoides from the Little Warrior River

in Blount County, Alabama were collected

in 2002 and used in this study. Radulae

were prepared and visualized using the

methods of Holznagel (1998) and compared

to other pleurocerid radulae as figured in

Holznagel (2000).

Genomic DNA was isolated from head

tissues using standard phenol/chloroform

methods. Sequences were obtained for an

amplified segment of the mitochondrial

large ribosomal subunit (16S) gene using

the SR14231/SNL002 and H3080/L2510
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primer pairs of Holznagel & Lydeard

(2000) and Palumbi et al. (1991) respec-

tively. The primers amplify an approxi-

mately 1 kb fragment of the gene and were

used for amplification and sequencing.

Double-stranded amplifications via PCR
were generated using 50-500 ng of tem-

plate genomic DNA in 25 jjlI volumes (10

mM Tris, 50 mM KCl, 2.5 mM MgCl., 1

\xM each primer, 0.1 mM each dNTP, 1.5

units Taq DNA polymerase). The amplifi-

cation regime consisted of 35 cycles of de-

naturation (92°C for 40 sec), annealing

(52°C for 60 sec), and extension (72°C for

90 sec). Double-stranded products were pu-

rified using the Qiagen PCR Cleanup kit

and provided the template for cycle se-

quencing using the ABI BigDye 2.0 kit fol-

lowing manufacturer's instructions. Reac-

tions were purified using Qiagen DyeEx
spin columns and sequenced on an ABI
3100 genetic analyzer.

Sequences of L. melanoides were entered

in the software program BioEdit (version

5.0.9; Hall 1999), along with the 35 pleu-

rocerid taxa used in Holznagel & Lydeard

(2000), who provided the first phylogenetic

survey of the Pleuroceridae (Appendix II).

Sequences were aligned by eye to the sec-

ondary structure models suggested by Holz-

nagel & Lydeard (2000) and Lydeard et al.

(2002). Phylogenetic hypotheses were gen-

erated in PAUP* 4.0b 10 (Swofford 2002)

under maximum parsimony using 50 repli-

cates of heuristic search with random ad-

dition. The following options were em-

ployed: uninformative characters were ig-

nored, branches with a minimum zero

length collapsed, and minimal length trees

kept. To test the internal stability of the

data, a jackknife analysis (Farris et al. 1996;

1000 replicates, 10 random additions per

replicate) was performed using PAUP* and

Bremer decay indices (Bremer 1994) were

determined in SEPAL (Salisbury 2001).

Holznagel & Lydeard (2000) showed sig-

nificant phylogenetic signal and no evi-

dence of base composition bias in their

analysis. They also reported no TS/TV sat-

uration up to near 20% genetic distance, so

no weighting schemes were employed.

Specimens from the following museums
were examined in this study: FMNH—Field

Museum of Natural History, Chicago;

FLMNH—Florida Museum of Natural His-

tory, Gainesville; NCSM—North Carolina

State Museum of Natural Sciences, Ra-

leigh; UMMZ—University of Michigan
Museum of Zoology, Ann Arbor.

Results

Radulae taken from putative Leptoxis

melanoides most resemble Elimia species,

and not Leptoxis species (Fig. 2; see below

and Fig. 4 for complete description). Lep-

toxis melanoides radulae have more rect-

angular laterals and more lateral cusps than

other Leptoxis species, though the main lat-

eral cusps are larger than those normally

seen in Elimia. Also in L. melanoides, den-

ticles are narrower and more numerous on

the inner marginals.

Aligned sequences resulted in a matrix of

900 characters, including indels, of which

318 were parsimony informative. Maxi-

mum parsimony analysis yielded a single

tree (1338 steps, CI = 0.52; Fig. 3). All five

specimens of L. melanoides shared a single

sequence and were resolved in a terminal

clade of Elimia taxa and not in the poly-

phyletic groups of Leptoxis at the base of

the tree. Jackknife values and Bremer in-

dices strongly supported the resolution.

Systematics

Family Pleuroceridae Fischer, 1885

Genus Elimia Adams & Adams, 1854 (see

Burch 2001)

Elimia melanoides (Conrad, 1834)

Fig. 4

Anculosa melanoides Conrad 1834:64, fig.

19.

Leptoxis melanoides Haldeman 1843-1853:

5, figs. 145-146.

Nitocris melanoides Adams & Adams
1858:308.
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Fig. 2. Representative radulae from pleurocerids. A. Leptoxis ampla. B. Elimia sp. C. Elimia alabamensis.

D. Elimia showalteri.

Anculosa turgida Haldeman 1840:2.

Leptoxis turgida Haldeman 1843-1853:5,

fig. 151.

Type designation and locality.—Neotype

FMNH 301993, Little Warrior River, dirt

road bridge crossing off County Highway

15, RIE, T13S, sec. 30, Blount County, Al-

abama, U.S.A, here selected, in accordance

with article 75.3.4 of the International Code
of Zoological Nomenclature (I.C.Z.N.

1999). Neoparatypes FMNH 301889 (4

specimens).

Material examined (all in Alabama).—
FMNH 33749, Black Warrior River;

FMNH 57344, Black Warrior River;

FMNH 76034, Black Warrior River;

FMNH 80200, Warrior River, Jefferson

County; FMNH 80243, Warrior River, Jef-

ferson County; FLMNH 18219, Black War-

rior River; FLMNH 81398, Locust Fork of

Warrior River, Trafford, Jefferson County;

FLMNH 81399, Black Warrior River, the

forks; FLMNH 81400, forks of Warrior

River, Walker County; FLMNH 81401;
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Melanoides tuberculata— Melanopsis praemorsa
J. bulbosa

J. silicula

J. plicifera

Le. p'icta

Le. plicata

63

T
64 Le. praerosa

cf. Li. armigera
Le. ampla
Le. taeniata

Le. virgata

Le. crassa anthonyi

lo fluvialis

Li. duttoniana
Li. geniculata fuliginosa

Li. geniculata geniculata

P. acuta acuta

P. unciale hastatum
P. prasinatum 1

P. prasinatum 2

P. canaliculatum filum

P. walkeri

P. vestitum

P. annuliferum
P. pyrenellum

virginica

E. hydei

99.^" E. crenatella
^^~" E. showalteri

r~ E. caelatura
Leptoxis melanoides
^" E. cylindracea

E. alabamensis3

E.

E.

olivula

haysiana

Fig. 3. The single most parsimonious tree generated using 16S rDNA sequences (1338 steps, CI = 0.52).

Taxa historically considered Leptoxis are shaded. Values above branches are jackknife support, below are Bremer

decay indices.
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Fig. 4. Elimia melanoides. A. Neotype FMNH 301933, 10.8 mm. B. Rachidian and laterals. C. Inner and

outer marginals. Scale bars: B, C = 50 |xm.

FLMNH 82143, Locust Branch, Warrior

River, Trafford; FLMNH 82144, Black
Warrior River, Squaw Shoals, Jefferson

County; FLMNH 82145, Warrior River;

FLMNH 82146, Black Warrior River;

FLMNH 82147, forks of Warrior River,

Walker County; FLMNH 82148, Black

Warrior River; FLMNH 82149, Warrior

River, lock 15, Tuscaloosa County;

FLMNH 82150, Black Warrior River, Tus-

caloosa, Tuscaloosa County; FLMNH

82151, Valley Creek, Toadvine, Jefferson

County; FLMNH 82152, Black Warrior

River; FLMNH 82153, Black Warrior Riv-

er, Squaw Shoals, Jefferson County;

FLMNH 230087, Sipsey Fork, Bankhead

National Forest N.F 234, Winston County;

FLMNH 230131, Sipsey Fork, Bankhead

National Forest N.F. 234, Winston County;

FLMNH 230766, Locust Fork, at Black

Warrior River, Jefferson County; FLMNH
230803, Sipsey Fork, above Alabama High-
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way 33, Winston County; UMMZ 10169;

UMMZ 37463, Alabama River; UMMZ
37464, Warrior River; UMMZ 37465, Lo-

cust Fork, Black Warrior River, Jefferson

County; UMMZ 37466, forks of Black

Warrior River, Walker County; UMMZ
49356, Black Warrior River, near mine, Jef-

ferson County; UMMZ 55796 Locust (?)

bridge of the Black Warrior River, Blount

County; UMMZ 66275, Black Warrior Riv-

er, Squaw Shoals, Tuscaloosa County;

UMMZ 133928, Upper Black Warrior Riv-

er; UMMZ 185760, Warrior River.

Diagnosis.—Shell small relative to sym-

patric pleurocerids, ovately conic and un-

sculptured, with even sutures. Shell more

conic and aperture more ovate than typical

Leptoxis. Columella white, frequently with

pink to purple tinge. Distribution limited to

Black Warrior River drainage, Blount

County, Alabama.

Description.—Shell to 13 mm length,

thin, ovately conic and smooth. Some early

whorls and apex eroded. Fine transverse

growth lines visible. Sutures flat to slightly

impressed. Aperture oval, about one-half

the length of the shell. Columella smooth

and white, tinged with pink, red, or violet.

Shell color green to brown, occasionally

with brownish transverse bands. Operculum

thin, dark, and oval, impressed at occasion-

al growth lines (see Goodrich 1922, pi. 3,

fig. 28). Radula rachidian tooth with nine

triangular cusps, central cusp largest, slight-

ly longer than wide. Lateral tooth broad, top

edge straight with five cusps. Central cusp

rectangular, broader and longer than others.

Inner marginals with six to eight denticles,

all equal size except for outer denticle on

each side. Outer marginals with 12-14 den-

ticles, all equal size except for outer denti-

cle on each side.

Distribution.—Historically included the

upper half of the Black Warrior River drain-

age, from Tuscaloosa and above. Currently

restricted to stretches of the Locust Fork of

the Black Warrior River and the Little War-

rior River, Blount County, Alabama.

Remarks.—Conrad's (1834) original de-

scription of Anculosa melanoides was
"Shell conical, with three entire volutions;

apex eroded; whorls flattened, rounded only

at the sutures; lines of growth prominent;

body-whorl abruptly rounded; epidermis

blackish, obscurely banded; aperture ellip-

tical, about half the length of the shell" and

the type locality, rivers of North Alabama,

was ambiguous. Tryon (1873) reproduced

Conrad's (1834) original description of A.

melanoides and provided three figures of

the species. Goodrich (1922) included an

observation by H. H. Smith, who doubted

that A. melanoides belonged in Anculosa.

Goodrich (1941) later suggested that A.

melanoides more closely resembled north-

ern species in the genus and that its taxo-

nomic position may change when its radula

is obtained. A neotype designation was re-

quired, as the type specimen, once "in the

possession of Mr. Anthony" (Tryon 1873:

400), was not available to Goodrich (1922),

could not be located at the Museum of

Comparative Zoology (Graf 2001) or the

Academy of Natural Sciences in Philadel-

phia (Baker 1964), and has apparently been

lost. The type locality has also been sub-

sequently restricted to the drainage where

the species is currently extant, following

recommendation 76A of the code, as the

original type locality could include the Ten-

nessee River drainage, where the species

does not occur.

Discussion

The rediscovery of putative Leptoxis

melanoides was important and exciting, es-

pecially given the overall status of both

many North American pleurocerid species

and especially those in the Mobile River ba-

sin. This study helps to illustrate the need

for thorough survey work combined with

systematic analysis to rediscover and iden-

tify potentially "lost" or extinct taxa. Stein

(1976:31) reviewed the conservation status

of Alabama gastropods and stated "... it is

doubtful whether living populations of this

species still exist." In a subsequent report
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on rare and endangered invertebrates, Har-

ris (1990) listed L. melanoides as endan-

gered without evidence to suggest it still ex-

isted. Several formal and informal surveys

had been conducted on various portions of

the Black Warrior River and Locust Fork

by U.S. Fish and Wildlife personnel and

other investigators, but none documented

the presence of L. melanoides. Given that

the species had not been documented in

over 50 years, Bogan et al. (1995) listed it

as presumed extinct, a decision maintained

by Turgeon et al. (1998). Comparisons of

our material with museum specimens and

cited illustrations support our notion of re-

discovering L. melanoides in the Black

Warrior River.

Of the 57 sites visited in the Locust Fork

of the Black Warrior River drainage, L.

melanoides was found at seven sites in two

disjunct areas. Although it is possible the

species may be more or less continuously

distributed between the two areas, it still

represents a small portion of the river sys-

tem. It is evident, however, that based on

historical distribution the species has de-

clined drastically since the studies of Good-

rich in the 1920's and 1940's. Blount Coun-

ty is home to poultry farms and coal mines

which undoubtedly impact the surrounding

water quality.

Analysis of mitochondrial 1 6S rDNA se-

quences suggests that L. melanoides should

be placed in the genus Elimia, as it is re-

solved in a well-supported monophyletic

clade of Elimia from the Mobile River ba-

sin. Such proposed generic reassignments

are not uncommon in light of phylogenetic

studies of freshwater mollusks (e.g., Ly-

deard et al. 2000, Minton & Lydeard 2003).

The observed radulae are consistent with

other species of Elimia (Holznagel 2000),

and combined with shell morphology, make
this species diagnosable in the upper reach-

es of the Locust Fork drainage. A redescrip-

tion of what we are now considering Elimia

melanoides, along with redesignation of

type material, was needed given the pre-

sumed loss of the holotype and the phylo-

genetic placement resolved in this study.

Given its relative rarity and restricted dis-

tribution, and the overall decline of North

American pleurocerids, remaining popula-

tions of E. melanoides should be monitored.

Efforts are underway to list the species as

endangered with the U.S. Fish and Wildlife

Service. Until formally listed, the species

should be treated as endangered and efforts

made to preserve its remaining habitat.
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Appendix I

Localities surveyed in 1996. Data include topo-

graphic coordinates; exact locality information is avail-

able from the authors. Localities where E. melanoides

was found are indicated by an asterisk (*).

ALABAMA. Blount County: Berry Creek, T12S,

RIE, sec. 33.—Calvert Creek, T13S, RIE, sec. 32.—

Calvert Creek, T13S, RIE, sec. 6.—Calvert Prong of

Little Warrior River, T12S, RIE, sec. 22.—Dry Creek,

T12S, RIW, sec. 23.—*Little Warrior River, T13S,

RIE, sec. 30.—*Little Warrior River, TBS, RIE, sec.

32.—Little Warrior River, TBS, RIW, sec. 13.—*Lo-

cust Fork, AL 160, TBS, RIW, sec. 23.—Locust Fork,

TIOS, R2E, sec. 25.—Locust Fork, TIOS, R2E, sec.

27.—Locust Fork, TllS, R2E, sec. 1.—*Locust Fork,

TllS, R2E, sec. 4.—*Locust Fork, TBS, RIE, sec.

6.—*Locust Fork, TBS, RIW, sec. 13.—*Locust
Fork, TBS, RIW, sec. 23.—Locust Fork, TBS, RIW,

sec. 27.—Locust Fork, TBS, RIW, sec. 32.—Mill
Creek, TBS, RIE, sec. 10.—Sugar Creek, TBS,

RIW, sec. 6.—Tucker Creek, TBS, RIW, sec. 28.—
Whippoorwill Creek, TllS, R3E, sec. 3. Etowah

County: Bristow Creek, 0.5 miles S of Pine Grove,

Tl IS, R4E, sec. 7. Jefferson County: Campbell Creek,

TBS, R4W, sec. 9.—Cane Creek, TBS, R4W, sec.

32.—Five Mile Creek, T16S, R4W, sec. 8.—Gurley
Creek, TBS, R2W, sec. 21.—Locust Fork, 1.5 miles

downstream of 1-65, TBS, R3W, sec. 27.—Locust

Fork, 5.5 miles downstream of 1-65, TBS, R3W, sec.

32.—Locust Fork, 7 miles downstream of 1-65.—Lo-

cust Fork, TBS, R2W, sec. 16.—Locust Fork, TBS,
R2W, sec. 20.—Locust Fork, TBS, R2W, sec. 29.—
Locust Fork, TBS, R2W, sec. 30.—Locust Fork,

TBS, R3W, sec. 24.—Locust Fork, T14S, R3W, sec.

34.—Locust Fork, TBS, R3W, sec. 35.—Locust Fork,

TBS, R3W, sec. 35.—Locust Fork, TBS, R2W, sec.

9.—Locust Fork, TBS, R4W, sec. 11.—Locust Fork,

TBS, R4W, sec. 15.—Locust Fork, TBS, R4W, sec.

22.—Locust Fork, TBS, R4W, sec. 29.—Locust Fork,

TBS, R4W, sec. 29.—Locust Fork, TBS, R5W, sec.

25.—Locust Fork, TBS, R5W, sec. 36.—Locust Fork,

TBS, R6W, sec. 20.—Locust Fork, T16S, R5W, sec.

11.—Turkey Creek, TBS, R3W, sec. 2.—Village
Creek, T16S, R5W, sec. 22.—Village Creek, T16S,

R5W, sec. 36.—Village Creek, TBS, R4W, sec. 18.

Marshall County: Clear Creek, TIOS, R3E, sec. 35.—
Drift Creek, TIOS, R3E, sec. 17.—Locust Fork, TIOS,

R3E, sec. 34.—Slab Creek, TIOS, R3E, sec. 6.—Slab
Creek, T9S, R3E, sec. 33.

Appendix II

Systematic list of taxa used in this study. Taxon

names (Burch & Tottenham 1980) are followed by mu-

seum voucher and GenBank accession numbers.

FMNH—Field Museum of Natural History, Chicago.

NCSM—North Carolina Museum of Natural Sciences,

Raleigh.

PLEUROCERIDAE. Elimia: E. alabamensis,

NCSM P4658, U73761; E. caelatura, NCSM P4659,

AF10O988; E. crenatella, NCSM P4660, U73762; E.

cylindracea, NCSM P4661, U73765; E. haysiana,

NCSM P4662, U73763; E. hydei, NCSM P4663,

U73764; E. interrupta, NCSM 6595, AY010521; E.

melanoides, FMNH 301889, AF540003; E. olivula,

NCSM P4664, U73766; E. showalteri, NCSM P4665,

U73767; E. virginica, NCSM P4666, AF100989. lo:

lo fluvialis, NCSM P4667, AF 100999. Juga: J. bul-

bosa, NCSM P4668, AF101005; J. plicifera, NCSM
P4669, AF101004; J. silicula, NCSM P4670,

AFl 01003. Leptoxis: Le. ampla, NCSM P4671,

U73768; Le. crassa anthonyi, NCSM P4672,

AFIOIOOI; Le. picta, NCSM P4673, U73769; Le. pli-

cata, NCSM P4674, U73770; Le. praerosa, NCSM
P4675, AF101002; Le. taeniata, NCSM P4676,

U73771; Le. virgata; NCSM P4677, AFIOIOOO. Lith-

asia: cf. Li. armigera, NCSM P4678, AFl 00998; Li.

duttoniana, NCSM P4679, AFl 00997; Li. geniculata
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fuliginosa, NCSM P4680, AF100995; Li. geniculata U73773; P. pyrenellum, NCSM P4690, AF100990; P.

geniculata, NCSM P4681, AF100996. Pleurocera: P. unciale hastatum, NCSM P4687, AF100993; P. ves-

acuta acuta, NCSM P4684, AF100994; P. anmilifer- titum, NCSM P4691, U73775; P. walkeri, NCSM
urn, NCSM P4685, U73772; P. canaliculatum filum, P4692, AF100992. THIARIDAE. Melanoides tiiber-

NCSM P4686, API 00991; P. prasinatum 1, NCSM cw/ara, NCSM P4682, AFIO 1006. MELANOPSIDAE.
P4689, U73774; P. prasinatum 2, NCSM P4688, Melanopsis praemorsa, NCSM P4683, U73776.
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Abstract.—Magelona magnahamata, new species, is described based on

specimens found during a study of interstitial polychaetes carried out at Coiba

National Park (Panama). It differs from other species of Magelona with regard

to features of chaetiger 9, hooded hooks on anterior abdominal segments, and

coloration pattern. Specimens of this new species coincide widely with speci-

mens from the Gulf of Mexico reported and described previously as Magelona
sp. C.

The family Magelonidae Cunningham &
Ramage, 1888 currently includes three gen-

era: Magelona Miiller, 1858, with about 55

described species (Fiege et al. 2000) plus

ten others identified and described, without

specific names, by Uebelacker & Jones

(1984); Meredithia Hernandez-Alcantara &
Solis-Weiss, 2000, with two species; and

Octomagelona Aguirrezabala, Ceberio &
Fiege, 2001, composed of a single known
species.

The genus Meredithia is characterized by

bearing large hooded curved spines in some
abdominal chaetigers (Hernandez-Alcantara

et al. 2000), and the genus Octomagelona

is distinguished by possessing eight thorac-

ic segments instead of nine (Aguirrezabala

et al. 2001).

Diagnostic characters of the genus Ma-
gelona are: presence and features of frontal

horns, dimensions of the prostomium, pres-

ence of dorsal median lobes and lateral

pouches, shape of chaetae on chaetiger 9,

structure of the abdominal hooks and the

various shapes of the lateral lamellae. These

characters have been discussed by Jones

(1963, 1977, 1978) and recently by Rouse

(2001). The most recent review work for

European magelonids is found in Fiege et

al. (2000), who outlined the terminology

frequently used for magelonids. Several au-

thors agree that a high number of species

are yet to be described (Uebelacker & Jones

1984, Hernandez-Alcantara et al. 2000,

Wilson 2000).

The new species belongs to the genus

Magelona, and the specimens were found

during a study carried out in the National

Park of Coiba (Panama), these specimens

coincide widely with those described as

Magelona sp. C found in the Gulf of Mex-
ico by Uebelacker & Jones (1984).

Only two species of this family have

been reported in the Atlantic coast of Pan-

ama {Magelona pacifica Monro, 1933 and

M. riojai Jones, 1963); a single species both

from the Atlantic and Pacific of Panama
(Magelona papillicornis Miiller, 1858); and

only one from the Pacific (Magelona sp.,

Lopez et al. 2002, later identified as M. sac-

culata Hartman, 1961 after re-examina-

tion). Reports on Magelonidae from Pana-

ma were made by Monro (1933), Fauchald

& Reimer (1975) and Fauchald (1977).

Uebelacker & Jones (1984) described 12

species of Magelona from the Gulf of Mex-
ico, without giving specific names (Mage-

lona sp. A to L) and found specimens of

M. pettiboneae Jones, 1963. In Mexican Pa-

cific waters, Hernandez-Alcantara & Solis-

Weiss (2000) reported four species of Ma-
gelona: M. pacifica, M. sacculata, M. pitel-

kai Hartman, 1944a, and M. californica

Hartman, 1944b. Other reports from nearby
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regions were made by Jones (1963) (Carib-

bean Sea) and Hartman (1969), Jones

(1978), and Blake (1996) (California).

Scientific expeditions dedicated to the

knowledge of the flora and fauna of Coiba

National Park (Pacific, Panama) became

regular from 1996. Characteristics of this

area and previous results of the study of

polychaetes from these expeditions are de-

tailed in Lopez et al. (1997, 2002), San

Martin et al., (1997) and Capa et al. (2001a,

2001b, 2001c).

Materials and Methods

Material from the National Park of Coiba

occurs in two samples from soft substrates

taken at sampling stations of Mali Rock
(7°39'N, 81°4r40"W) and Granito de Oro

(7°35'30"N, 8r42'30"W). Sediment is com-

posed of coarse sand, coming from coral

destruction, sampled at depths to 0.5 m and

10 m. Samples were obtained using 1 -liter

capacity PVC tubes (core). Samples were

filtered through a 0.1-mm gauge mesh sieve

and retained material was fixed in formalin

and preserved in ethanol (70%).

Material from the Gulf of Mexico was

loaned by the Smithsonian Institution and

belongs to the collection examined by Ueb-

elacker & Jones (1984). The samples were

taken along the northeastern Gulf of Mex-
ico (from Alabama to Florida); 10-117 m;

coarse to fine-very fine sand, silty fine to

very fine sand, and sandy silt containing

clay.

Specimens were examined using a com-

pound microscope equipped with an inter-

ference Nomarsky system, and drawings

were made using a camera lucida drawing

tube. Pictures from scanning electron mi-

croscopy (SEM) were taken at the SIDI

(Servicio Interdepartamental de Investiga-

cion), Universidad Autonoma de Madrid.

Holotype, paratypes and additional ma-
terial from Coiba National Park are depos-

ited at the Museo Nacional de Ciencias Na-

turales (MNCN) de Madrid. Material from

the Gulf of Mexico is deposited in the

Smithsonian Institution, National Museum
of Natural History, Washington, D.C.

Results

Genus Magelona Miiller, 1858

Magelona magnahamata, new species

Figs. 1, 2

Material examined.—Coiba National

Park, Pacific of Panama; Granito de Oro,

holotype (MNCN 16.01/8736a), paratypes

(4 spec. MNCN 16.01/8736b) and 3 speci-

mens. Mali Rock (1 spec. MNCN 16.01/

8737). Additional material: Gulf of Mexico

(1 spec, USNM 86713); (1 spec, USNM
86715); (1 spec, USNM 86716); (2 spec,

USNM 86717); (2 spec, USNM 86718); (1

spec, USNM 867119); (2 spec, 86720); (1

spec, USNM 86722); (1 spec, USNM
86723); (1 spec, USNM 86725); (5 spec,

USNM 86725); (3 spec, USNM 86721).

Description.—Holotype complete speci-

men with 82 chaetigers, 19 mm long and

0.39 mm wide at chaetiger 5, dark pigment

on several specimens at anterior dorsal part

of thorax and on each side of anterior ab-

dominal chaetigers in some specimens. Pro-

stomium triangular to semicircular, rounded

anteriorly, almost as long as wide, frontal

horns absent. Palps longer than thorax,

reaching to about chaetiger 23 (paratype),

with 2 rows of papillae, becoming smaller

toward bases of palps. Dorsolateral margins

of first segment covering posterior part of

prostomium and ventrally surrounding ba-

ses of palps (Figs. lA, 2A). Thoracic chae-

tigers bearing, both on notopodia and neu-

ropodia, a pair of lanceolate, wide lateral

lamellae; dorso-medial and neuropodial

lobes absent (Figs. IG, 2B). Abdominal

chaetigers each with pair of lateral, folia-

ceous lamellae, smaller than thoracic ones

(Fig. IH). Lamellae gradually decreasing in

size posteriorly, becoming digitiform (Fig.

II). Dorsal medial and neuropodial lobes

small, papilliform on anterior and posterior

abdominal chaetigers (Fig. IH, I). Thoracic

capiflary chaetae slender, long and Hmbate

(Fig. 2B). Chaetiger 9 lacking specialized
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Fig. L Magelona magnahamata, n. sp. A: Anterior end, dorsal view; B: lateral papillae, posterior chaetiger;

C: Posterior end, dorsal view; D: Hooks, anterior abdominal chaetiger; E: Hooks, abdominal chaetiger, segment

13; F: Hooks, posterior abdominal chaetiger; G: Parapodium, posterior view, anterior chaetiger; H: Parapodium,

posterior view, median chaetiger; I: Parapodium, posterior view, posterior chaetiger. Scale A: 375 fxm; B: 35

|xm; C: 200 fxm; D-F: 35 |xm; G, H: 200 |xm; I: 50 |xm.
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Fig. 2. Magelona magnahamata, n. sp. Scanning electron micrographs (SEM). A: Anterior end, dorsal view;

B: Lamellae and capillary chaetae, thoracic segment; C: Hooded hooks on anterior abdominal chaetigers; D:

Hooded hooks on posterior abdominal chaetiger.

chaetae. Abdominal hooded hooks biden-

tate, arranged in two groups on each ramus

facing vis-a-vis. Hooded hooks of anterior

abdominal chaetigers in three abruptly dif-

ferent sizes; each ramus with a very small

hook originating at base of lateral lamella,

a single large and strongly curved hook,

and three intermediate-sized hooks (Figs.

ID, 2C). From abdominal chaetiger 2-5 on

(depending upon specimens), intermediate

hooks numbering two (Fig. IE). On noto-

podium, smallest and largest hooks face

dorsally, and intermediate sized ones face

ventrally (vice versa at neuropodium) (Fig.

IH). On posterior chaetigers, hooded hooks

in two sizes, a single small hook nearest to

lamellae, and several larger hooks (Fig.

IF); on most posterior chaetigers all hooks

of one size, all similar (Figs. II, 2D). The
hooks, on posterior chaetigers, more nu-

merous (5-6) than those on anterior abdom-

inal chaetigers, oriented 4 to 2 in notopo-

dium, 4 hooks face dorsally and 2 ventrally,

and vice versa in neuropodium (Fig. II);

and in others combinations (3 to 2, 4 to 1,

5 to 1). No lateral pouches. Conical pygid-

ium with two short digitiform cirri (Fig.

IC). Abdominal chaetigers of some speci-

mens (from chaetiger 40 in holotype, from

the first abdominal chaetiger in others) with

pronounced, rounded, lateral, glandular ar-

eas anterior to parapodia, also pronounced,

dark to red, and covered with small papillae

(Fig. IB, C).

Remarks.—Magelona magnahamata is

characterized by having a large, strongly

curved, hooded hook on each anterior ab-

dominal parapodial ramus and by lacking

modified chaetae on chaetiger 9. Some less-

er differences have been found between the

Atlantic and Pacific material. For instance,

the apical tooth of the large hooks is very
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small in some specimens from the Gulf of

Mexico, while in other specimens from this

area and in those of Coiba it is long, but

this condition probably can be attributed to

intra-specific variation. In some specimens

of the Gulf of Mexico, the large hooks seem

to be slightly more robust than those from

Coiba. Finally, the size is also somewhat

different: specimens from the Gulf of Mex-
ico are smaller than those Coiba, the largest

being 10 mm long and 0.14 mm wide (at

level of chaetiger 5), whereas in Coiba, the

holotype is 19 mm long and 0.39 mm wide.

However, these differences are not suffi-

cient to consider the populations as belong-

ing to two different species.

The closest species known from the Pa-

cific Ocean is Magelona pettiboneae Jones,

1963. Both seem similar in the capillary

chaetae, bidentate hooks, and the absence

of modified chaetae in chaetiger 9; how-

ever, the hooks of M. pettiboneae are not

so curved in anterior abdominal chaetigers,

its lateral lamellae are shorter and rounded,

and the hooks are more numerous.

Magelona magnahamata is also related

to three other species from the Atlantic

coast of North America (M. papillicornis

Miiller, 1858, M. californica Hartman,

1944b, and M. minuta Eliason, 1962) for

which Jones (1977) established common
characteristics. In this way, all four species

would share a subtriangular prostomium

with rounded anterolateral margins, absence

of dorsal medial and neuropodial lobes at

the anterior region, abdominal chaetigers

with subtriangular or sublanceolate lateral

lamellae, dorsal medial and neuropodial

lobes papilliform, and bidentate hooded

hooks, one of them, the nearest to lamellae,

smaller than the remaining. However, the

presence of very bidentate and strongly

curved hooks separates M. magnahamata
from the others.

Some specimens of M. magnahamata
also possess modified posterior abdominal

chaetigers with dark colored areas covered

with papillae. These papillae have never

been cited for any described species in the

genus.

Etymology.—The specific name comes
from Latin magna = large and hamulus, di-

minutive of hamus = hook, referring to the

large strongly curved hooded hooks.
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Abstract.—The oligochaete Allonais inaequalis (Stephenson, 1911), previ-

ously thought to be unknown in North America, was found in the effluent of

a sewage treatment plant in New Jersey and recently in the Greater Miami
River in Ohio. It is redescribed from this material and compared to the other

two species, A. paraguayensis (Michaelsen, 1905) and A. pectinata (Stephen-

son, 1910) reported from North America. Identifications of specimens collected

from North America, previously thought to be A. paraguayensis, were deter-

mined to be incorrect; thus, this species is not yet known to occur in North

America. Nais magnaseta Harman, 1973, which closely resembles A. pectinata,

also is discussed.

The naidid oligochaete^ Allonais inae-

qualis (Stephenson, 1911) was first de-

scribed as Nais pectinata var. inaequalis

Stephenson, 1911. Sperber (1948) erected

the genus Allonais, using A. inaequalis as

the generic type. She distinguished Allonais

from Nais by the absence of eyes, by the

anterior and posterior ventral chaetae being

of similar size and shape, by no discernable

stomachal dilatation, by a vascular plexus

in the anterior segments, by no prostate

gland cells, and by no formation of budding

zones. She also indicated that Allonais, un-

like Nais, was confined to the tropics. She

' Based on sequences of 188 rDNA and other mo-
lecular and morphological data, Erseus et al. (2002)

concluded that the family Naididae is polyphyletic and

that the species of naidids are more correctly placed

within a subfamily of the Tubificidae. Therefore, Nai-

didae has become a junior synonym of the family Tub-

ificidae. As the name Naididae is older than Tubifici-

dae, the authors are requesting that Tubificidae take

precedence because of the large number of species in

the family compared to those within the naidids and

await a ruling by the International Commission on

Zoological Nomenclature (C. Erseus, pers. comm.; Er-

seus & Gustavsson 2002).

included five species (all formerly found in

Nais) in this new genus, including two, A.

pectinata (Stephenson, 1910) and A. para-

guayensis, (Michaelsen, 1905), subsequent-

ly reported from North America (Brinkhurst

& Jamieson 1971, Brinkhurst 1986). Brink-

hurst (1986) included A. inaequalis in his

North American key, suggesting that it

probably occurred in North America due to

its worldwide distribution and because

drawings of the chaetae of A. paraguayen-

sis closely resembled the chaetae of A. in-

aequalis (e.g., Hiltunen & Klemm 1980).

New material collected and identified by

the authors, or sent to the authors for iden-

tification or verification, encouraged us to

reassess the status of this genus in North

America.

Materials and Methods

Oligochaetes were observed swimming
in the effluent of the Linden-Roselle Sew-

age Authority wastewater treatment plant in

New Jersey, U.S.A., in October 1999. The

facility is a typical tertiary treatment plant,
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Fig. 1. Allonais inaequalis (SEM). A, dorsal chaetal bundle; B, same as A, enlarged. Scale bars: A
B = 1 |jLm.

5 |xm.

treating approximately 80% residential and

20% municipal waste. Specimens were col-

lected using a small bucket in the uptake

valve in the aeration ponds immediately

prior to chlorination. Half of the worms
were fixed in 10% formalin; the remainder

were fixed in 70% ethanol. One oligochaete

specimen collected in July 2001 from the

Greater Miami River, Ohio, U.S.A., tenta-

tively identified as A. paraguayensis, was

sent to the senior author for verification.

The description of A. inaequalis below is

based on 10 specimens from the New Jer-

sey material, preserved in ethanol, and

mounted on slides using CMCP mounting

medium for observations using light mi-

croscopy. Measurements were made using

a calibrated ocular scale on a Leitz Labor-

lux- 12 compound microscope, and draw-

ings were made using a camera lucida

drawing tube with the same microscope.

Oligochaetes fixed in formalin from New
Jersey material were prepared for scanning

electron microscopy (SEM). Specimens
were mounted on aluminum stubs by plac-

ing one to two specimens in a drop of water

on each stub that had been prepared with

transparent double-coated sticky tape (No.

666, 3M Corp.). Stubs were immersed in

liquid nitrogen to instantly freeze the spec-

imens, then placed in an Edwards-Pearse

Model EPD3 tissue dryer (temperature
— 64°C; vacuum 0.0002 torr) for subsequent

sublimation of liquid associated with the

specimens. After sublimation was complete

(4-6 hr), stubs were placed in an SPI Mod-
ule Sputter Coater, where a thin (10-30 nm)
film of gold-palladium was evaporated onto

the specimens. After sputter-coating, spec-

imens were examined using an Amray 1830

scanning electron microscope and photo-

graphed on positive-negative film and pa-

per.

Allonais inaequalis (Stephenson, 1911)

Figs. 1, 2

Material examined.—Allonais paraguay-

ensis: Louisiana, 1963, and Florida, 1975,

W. J. Harman collection from the National

Museum of Natural History-Smithsonian

Institution (USNM), Washington, D.C.; Ne-

vis, Lesser Antilles, 1997, Illinois Natural

History Survey (INHS) Annelida Collec-

tion, Champaign, identified by the authors;

Sudan, Africa, 1975 and 1984, R. Grimm
collection, Zoologisches Instittit und Zoolo-

gisches Museum (ZMUH), Hamburg. Al-

lonais inaequalis: Puerto Rico, 1994, INHS
Annelida Collection, identified by the au-

thors. Allonais pectinata: South Africa,

1968, Louisiana, 1974, 1975, Georgia,
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upper
tooth

Fig. 2. Chaetae of Allonais inaequalis. A, dorsals; B, needles; C, ventrals. av, anterior ventral; pv, posterior

ventral. Scale bars: A = 40 |xm, B = 6.25 |xm, C = 16 |xm.

1967, and Florida, 1978, W. J. Harman col-

lection from USNM. Nais magnaseta (ho-

lotype): Texas, 1973, USNM (45510).

Some specimens of Allonais inaequalis

from New Jersey were deposited in the An-
nelida collection of Aquatic Resources Cen-

ter, Thompsons Station, Tennessee, and the

remainder were placed in the INHS Annel-

ida Collection. The one specimen from

Ohio was deposited in the collection at

SoBran, Inc., Cincinnati, Ohio.

Redescription.—Body 3-9 mm long,

consisting of 37-85 segments, no pigmen-

tation. Prostomium rounded, without pro-

boscis. No eyes. Dorsal chaetae begin in

segment VI: 1-2 smooth hairs per bundle;

if 2 hairs, then generally one longer (212-

288 luim) and one shorter (75-160 jjim); 1-

2 needles per bundle, each usually with 2

intermediate teeth (but some with 1, 3, or

4), intermediate tooth next to upper is short-

est of all teeth and intermediate tooth next

to lower is second longest; needle length

64-96 jjim, lower tooth (8-14 ixm) almost

twice as long as upper (5-8 jjim). Ventral

chaetae usually 5-7 per bundle (but as few

as 3 or as many as 9) in II-V, 55-75 jxm

long and 1-3 jjim wide, nodulus slightly

proximal, upper tooth slightly longer and

thinner than the lower; from VI posteriorad

usually 5—7 per bundle (but ranging from

3-9), 60-93 |JLm long and 1.5-3 luim wide

(Puerto Rico specimens up to 5 |ULm wide),

nodulus median to slightly distal, upper

tooth thinner and subequal or slightly short-

er than the lower; number of ventral chaetae

decreases to 2 per bundle near the tail. No
mature individuals were collected.

Discussion

It can be difficult to distinguish Allonais

inaequalis from A. paraguayensis based on

external morphological characters. Al-

though Sperber (1948) stated that the sexual

organs of these two species of Allonais are

similar, there appear to be several characters

that can be used to identify them as being

different, as shown in Tables 1 and 2. The

most obvious character is the number of in-

termediate teeth found in the needle chae-

tae. While the needle chaetae of A. inae-
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Table 1.—Descriptions of the North American species of Allonais Sperber (1948) and Brinkhurst & Jamieson

(1971) and of Nais magnaseta by Harman (1973). All measurements in ixm unless otherwise indicated.

Alloiuiis Allonciis

Character paraguayeusis Allonciis iiuieqiialis peciinata Nais mciiinuscta

Anterior ventral chaetae:

no./bundle 2-8="; 2-6" 4-8^; 4-6" 3-5 l-A

length 55-123 60-105 56-65 54

width 1.5 2 <2
teeth (upper vs. lower) longer longer longer slightly longer

Posterior ventral chaetae:

no./bundle 2-8^; 2-6" 4-8^; 4-6" 2-7 2-5

length 55-123 60-105 51-58 57-67

width 1.5 2 3

teeth (upper vs. lower) equal equal equal thinner;

slightly shorter

Dorsal chaetae:

no. of hairs/bundle 1-2 1-2 1-2 1-2

length of hairs 200-500 100-332 70-220 114-180

no. of needles/bundle 1-2 1-2 1-2 1-2

length of needles 60-192 67-112 42-68 50-60

length, outer needle

teeth 3.5 5-6

no. of intermediate teeth 1-2 1^ 1-5 1-3

Total length of worm, mm 4-60 8-18 1.5-8 2

No. of segments 15-200 40-95 15-65 31 +

No. of penial chaetae 3-11 4-6 3-5 immature

No. of specimens 1

^Brinkhurst & Jamieson (1971); "Sperber (1948).

qualis generally have two intermediate

teeth (range 1-4; Figs. lA, B, 2B), none of

the specimens of A. paraguayensis exam-

ined had needle chaetae with intermediate

teeth (Fig. 3). Sperber (1948) stated, how-

ever, that the upper tooth of A. paraguay-

ensis can be bifid in some specimens. The
posterior ventral chaetae generally are

shorter and thinner in A. inaequalis (Fig.

2C) compared with those of A. paraguay-

ensis; the upper teeth are always distinctly

shorter than the lower teeth in A. para-

guayensis, whereas in A. inaequalis the up-

per and lower teeth are generally subequal.

The hair and needle chaetae are almost al-

ways shorter in A. inaequalis compared

with A. paraguayensis. The needle chaetae

of A. pectinata are distinct from those of its

congeners, having both the upper and lower

teeth subequal in length, and the interme-

diates recessed between the two.

Although most of the individuals exam-

ined from the USNM were in very poor

condition, all of the specimens examined

appear to be A. inaequalis, not A. para-

guayensis, so it is very likely that the re-

maining specimens also are A. inaequalis.

This means that A. inaequalis had already

been found in North America (as early as

1963), but previously had been misidenti-

fied, and that A. paraguayensis has not yet

been found in North America. Thus A. in-

aequalis can now be recorded from Florida,

Louisiana, New Jersey, and Ohio, which

suggests that it may be widespread but un-

common, at least in the eastern USA.
The specimens of A. inaequalis from

North America fit the original description

of Stephenson (1911) very well. All of his

measurements fall within the ranges of

ours, and he also noted the differences in

length when two hair chaetae were present
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pv

Fig. 3. Chaetae of AUonais paragiiayensis. A, nee-

dles; B, ventrals. Abbreviations as in Fig. 2. Scale bars

= 6.25 |jLm.

("one of the hair-setae is much shorter than

the other"; Fig. 2A). Sperber (1948), in

erecting the genus Allonais and describing

the species she ascribed to it, made no men-

tion of the differences in length of the hair

chaetae, so we do not know if it applies to

all Allonais species or only to those that we
examined. She stated, however, that she felt

that A. pectinata belonged in a different, but

new, genus.

Allonais pectinata, the third species in

this genus reported to occur in North Amer-
ica, is reported to be widespread in the east-

ern USA (Illinois, Ohio, New York, Penn-

sylvania, and Georgia) and Ontario, Canada

(Hiltunen & Klemm 1980, Brinkhurst

1986), yet neither of the present authors has

ever seen a specimen in our many collec-

tions, and neither Klemm nor Brinkhurst

(pers. comm.) was able to provide any spec-

imens to corroborate its published distri-

bution. Because of the difficulty in distin-

guishing A. pectinata and Nais magnaseta

Harman, 1973 from one another using the

descriptions provided in the literature (Ta-

ble 1), specimens of each species were ob-

tained from the USNM for study.

Examination of the specimens from the

USNM caused additional confusion. Two
specimens from Lake Louisa at Clermont,

Florida, previously identified as A. pectin-

ata, were in fact A^. magnaseta (see Table

3; Fig. 5), making this a new state record

for the latter species, since it had previously

only been reported from Bee County, Texas

(Harman 1973). Another specimen from the

USNM, collected from west of the Peach

County line in Georgia and initially iden-

tified as A. pectinata, is actually Nais var-

iabilis Piguet, 1906 with pectinate dorsal

needle chaetae. The possible confusion of

some specimens of N. variabilis (those with

pectinate needle chaetae), and subsequent

misidentification of them as A. pectinata,

was noted previously by Brinkhurst (1986).

The distinct difference in size and shape of

the ventral chaetae in II-V compared with

the rest of the ventrals in A^. variabilis

should easily separate those with pectinate

needles from specimens of A. pectinata.

Five specimens from Louisiana and three

specimens from South Africa were exam-

ined and appear to be A. pectinata, although

there are some differences between the two

sets (see Fig. 4).

It is now clear that A. pectinata and N.

B

Fig. 4. Chaetae of Allonais pectinata. A, Louisiana specimen; B, South African specimen, av. pv as in Fig.

2; n, needle. Scale bars = 6.25 ixm.
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Fig. 5. Chaetae of Nais magnaseta. A, needles

from Texas (TX) and Florida (FL) specimens; B, an-

terior ventral (av) and posterior ventral (pv), from Tex-

as specimen. Scale bars = 6.25 ixm.

magnaseta are recognized as two distinct

species (Table 3; Figs. 4, 5). The main dif-

ferences between the two species are the

length of the needle chaetae teeth, with

those of N. magnaseta almost twice as long

as those of A. pectinata, and the distinct

difference in the length and width of the

anterior ventral chaetae compared to the

posterior ventral chaetae in A^. magnaseta,

while there is only a slight difference be-

tween the anterior and posterior ventral

chaetae in A. pectinata.

Apparently most of the confusion asso-

ciated with the identification of A. inae-

qualis and A. paraguayensis results from

the original misidentification of the speci-

mens from Louisiana and Florida. Although

identified as A. paraguayensis, these obvi-

ously are A. inaequalis (Table 2). Brink-

hurst (1986), followed by Kathman &
Brinkhurst (1998), hinted at this possibility

when they stated that the needle chaetae of

A. paraguayensis from Louisiana seemed to

resemble the needle chaetae of A. inae-

qualis. Hiltunen & Klemm (1980), assum-

ing the identifications of A. paraguayensis

to be correct, illustrated the needle chaetae

of A. inaequalis but listed the species as A.

paraguayensis. Adding to the confusion,

the drawings of the needle chaetae of A.

inaequalis by Sperber (1948) do not agree

with the original drawing of Stephenson

(1911) but resemble those of A. pectinata.

Sperber referred to this as a form of A. in-

aequalis, but it is unclear if it really belongs

with A. inaequalis. Kathman & Brinkhurst

(1998) added Florida, Illinois, and Colora-

do to the distribution list for A. paraguay-

ensis. Examination of the Florida worms in-

dicated that they were A. inaequalis, while

those from Illinois and Colorado do not be-

long in Allonais. Brinkhurst (1986) and

Brinkhurst & Marchese (1989) suggested

that A. inaequalis had been synonymized

with A. paraguayensis and A. pectinata but

gave no references. In contradiction, Har-

man et al. (1988) stated that A. inaequalis

clearly is distinct from A. paraguayensis.

We do not know of any publications that

have discussed possible synonymies of

these two species, and Brinkhurst (pers.

comm.) was unable to provide information

about these comments.

Summary

Allonais inaequalis is herein reported for

the first time in North America, although

we believe that this species was found as

early as 1963 but erroneously identified as

A. paraguayensis. Its current distribution

includes New Jersey, Ohio, Florida, and

Louisiana. This means that A. paraguay-

ensis has not yet been reported from North

America. Although previously reported as

fairly widespread, A. pectinata could only

be confirmed as found in Louisiana. Nais

magnaseta, known previously only from

Bee County, Texas, has been identified

from Florida.

Based on external morphological char-

acters, it appears that the three Allonais spe-

cies previously reported from North Amer-

ica can be easily differentiated, although A.

inaequalis and A. paraguayensis seem to be

more closely related to one another than to

A. pectinata, as suggested by Sperber

(1948). We know of no current phyloge-

netic analysis using either morphological

characters or gene sequencing for this ge-

nus that would provide a more definitive

approach to recognizing the species.
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Abstract.—Two new species, Planaltina glandipedis and Planaltina britskii,

glandulocaudine fishes of the family Characidae, tribe Diapomini, are described

herein. They were collected from tributaries of the rio Grande and or the rio

Tiete, both tributaries of the upper rio Parana in the State of Sao Paulo, Brazil.

The previously described species, Planaltina myersi, until now known almost

exclusively from the holotype, is here redescribed from 47 specimens taken

from tributaries of the rio Corumba, a tributary of the upper rio Parana. The
two new species differ most prominently from the previously known species

by possession of three somewhat elongate scales along the dorsal border of the

male's caudal pouch opening. There is only one elongate scale in P. myersi.

Planaltina glandipedis differs from P. britskii in having six or seven horizontal

scale rows between the dorsal-fin origin and the lateral line versus five in the

later species. The possible phylogenetic relationships among the three insem-

inating species within the tribe Diapomini, subfamily Glandulocaudinae, are

discussed along with the putative phylogenetic relationships of the Diapomini

to the newly recognized glandulocaudine outgroup containing the characid gen-

era Knodus and a new genus related to Attonitus. Brief comments are presented

concerning the geographical distribution and ecology of the species of Plan-

altina.

Resumo.—Duas novas especies, Planaltina glandipedis e Planaltina britskii,

peixes glandulocaudineos da familia Characidae, tribo Diapomini, sao aqui des-

critas. Elas foram coletadas em afluentes do rio Grande e/ou do rio Tiete, ambos
tributarios do rio Parana no Estado de Sao Paulo, Brasil. A especie apenas

descrita, Planaltina myersi, conhecida ate o presente apenas a partir do holo-

tipo, e aqui redescrita com base em 47 exemplares originarios do rio Corumba,

tambem tributario do rio Parana. As duas especies novas diferem marcadamente

da especie previamente conhecida pela presen9a de tres escamas algo alongadas

ao longo da margem dorsal da abertura da bolsa glandular dos machos. Ha
apenas uma escama alongada em P. myersi. Planaltina glandipedis difere de

P. britskii pela presen^a de seis ou sete series horizontals de escamas entre a

* This paper is part of the project, Diversidade de Peixes de Riachos e Cabeceiras da Bacia do Aho Rio

Parana no Estado de Sao Paulo/Brasil, supported by the State of Sao Paulo Research Foundation (FAPESP)

—

The Biodiversity Virtual Institute Program (www.biotasp.org.br); coordinated by Dr. Ricardo Macedo Correa e

Castro; see Anonymous (2000).
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origem da nadadeira dorsal e a linha lateral ao inves de cinco na ultima especie.

As possiveis rela^oes filogeneticas entre as tres especies, todas inseminadoras

dentro da tribo Diapomini, subfamilia Glandulocaudinae, sao discutidas jun-

tamente com as rela^oes filogeneticas tentativas de Diapomini com o grupo

externo recentemente reconhecido de Glandulocaudinae constituido pelos ge-

neros Knodus, Attonitus e um novo genero relacionado a Attonitus da familia

Characidae. Breves comentarios sao feitos sobre a distribui^ao geografica e

ecologia das especies de Planaltina.

Relatively little is known about Planal-

tina Bohlke (1954:265) except from its

original description based on Planaltina

myersi described from a single damaged
specimen collected through the use of dy-

namite. This specimen, the holotype, was
collected from "Sarandi brook, Planaltina,

Goyaz, Brazil," 21 September 1923 by Dr.

Carl Ternetz. Bohlke (1954:265-267) was

uncertain of the relationships of Planaltina,

but considered it to possibly be among the

" 'borderline' genera (between the Tetra-

gonopterinae and Glandulocaudinae of Ei-

genmann) ..." Bohlke referred to these

genera as Landonia, Argopleura, Acrobry-

con, and Phenacobrycon. Bohlke (1954)

doubted the monophyly of the Glandulo-

caudinae and considered that these genera

and the divergent members of the Glandu-

locaudinae may have arisen "at different

times from different members of such gen-

eralized tetragonopterines as Bryconameri-

cus.'' No additional specimens were ex-

amined until Weitzman & Fink (1985:106)

listed additional specimens with locality

data. Weitzman et al. in Weitzman & Fink

(1985:113) published a critique of the con-

cept of the monophyly of the Glandulocau-

dinae and concluded that there was insuf-

ficient evidence to confirm or reject the

monophyly of the subfamily. Burns et al.

(1995:135-143) provided information that

P. myersi is an inseminating species with

aquasperm. Weitzman & Menezes (1998:

184) assigned this species to the Diapomini,

which also included species of the characid

genera Acrobrycon Eigenmann and Diapo-

ma Cope, and, based on additional gross

anatomical, histological, and sperm ultra-

structural evidence, concluded that the

Glandulocaudinae are probably monophy-
letic. Weitzman & Menezes (1998) also il-

lustrated the osteology of the caudal region

and associated caudal organ of P. myersi.

We provide a new definition of Planal-

tina, redescribe P. myersi based on 47 spec-

imens and discuss its putative relationships

with the two new species described herein.

We also briefly discuss the possible phylo-

genetic relationships of the Diapomini to

the Glandulocaudinae and to some of the

characid species currently in the genera At-

tonitus Vari & Ortega, Knodus Eigenmann
and a species of a new genus Weitzman et

al. (2004). Species oi Attonitus, the new ge-

nus and Knodus lack caudal organs as de-

scribed for adult glandulocaudine males,

but some species of Knodus and the three

species of Attonitus, and the species of the

new genus were recently found to be insem-

inating, Weitzman et al. (2004), and at least

some of these have one or more of the syn-

apomorphies of the primary and/or second-

ary sexual systems of glandulocaudines that

were used by Weitzman & Menezes (1998)

to diagnose that subfamily. Furthermore,

sexually active males of one of the new
species described here, P. glandipedis, has

numerous club cells at or near the surface

of the skin of the pelvic fins and the anterior

part of the anal fin whereas the species of

Attonitus and the new genus possibly relat-

ed to Attonitus are found to have club cells

at or near the surface of the skin in the an-

terior part of the anal fin. These cells have

been shown to secrete in a holocrine man-
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ner in the species of the new genus. See

Weitzman et al. (2004) for a more detailed

discussion of the taxonomic distribution of

these apparent glandulocaudine and glan-

dulocaudine outgroup synapomorphies.

Those authors also discuss the possible

phylogenetic relationships of species of the

glandulocaudine tribes with the outgroup

characid species currently in Knodiis, the

new genus, and Attonitus as well as their

apparent relatives not belonging to the

Glandulocaudinae. The putative monophy-

letic relationships among the glandulocau-

dine tribes recognized by Weitzman & Me-
nezes (1998) must again come into question

and be reinvestigated in light of the newly

recognized outgroup species for the puta-

tive glandulocaudine genera and tribes.

Methods and Materials

Counts and measurements and methods

of taking and presenting data follow Me-
nezes & Weitzman (1990:382-383) unless

otherwise stated. For the most part, statis-

tical comparisons were calculated using

SigmaStat 2.0 for Windows 95. Meristic

and morphometric data of males and fe-

males were treated separately in order to

probe possible differences between the sex-

es, but secondary sexual differences were

detected only in morphometric data. Mor-

phometric data were transformed into ratios

of standard length, or head length when
they were subunits of that length, and are

presented separately for males and females

in the tables and regression graphs.

Although we summarize the statistical

procedures used herein, see Weitzman &
Malabarba (1999:2-4) and Weitzman &
Palmer (1997:213-214) for more complete

comments about their use. In making pair-

wise statistical comparisons of counts, all

population samples except those few with

non-variable counts were found to be at

least somewhat skewed about the mean. In

running simple r-tests, all paired samples

failed to pass the normality test and some
failed to pass an equal variance test. Thus

all pairwise comparisons of counts were

made using Mann-Whitney rank sum tests,

but also in all cases the results of simple t-

tests were compared and although not test-

ing the same statistical parameters, both

were used to evaluate differences among
the species. In most cases both kinds of

tests were found to indicate the same over-

all statistical results regarding a statistical

test of null hypotheses of character similar-

ities. However, in a few cases the r-test and

the Mann-Whitney rank sum test provided

opposing results. In these cases the statis-

tical results were of marginal significance

for both kinds of tests, and we opted to dis-

regard the resulting hypotheses of differ-

ences, especially considering the population

sample size limitations.

We utilized Tukey box plots for visual

comparison of count distributions of the

three species. In these plots the mean is rep-

resented by a thick vertical bar, the median

by a thin vertical line that is often the same

as one of the vertical lateral borders of the

boxes. Therefore, the numerical value of

the median is given in the legend. The 25th

and 75th percentiles are represented by the

lateral borders of the boxes and indicate the

respective values at which 25% of the sam-

ples fall below and 25% fall above the lat-

eral borders of the boxes. En'or bars rep-

resent the 10th and 90th percentile points,

and the circles represent the 5th and 95th

percentiles. Extremes, not shown in the

plots, are given in the text.

Regarding analyses for differences in

sexual dimorphism in body ratios we exe-

cuted a series of tests and present a few

graphs using regression analyses. We used

linear regression analysis, even though the

statistics derived from it may rarely be a

fully accurate representation of the more or

less curvilinear mean growth lines ex-

pressed by the data. Nevertheless linear re-

gression graphs provide useful comparative

visual presentations of the relative morpho-

logical parameters of the population sam-

ples being compared as well as reasonable

population growth patterns. In using the lin-
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ear regression model for comparing body

ratios of population samples, statistical tests

of a null hypothesis of character similarities

for ratios of body measurements follow

Weitzman & Palmer (1997:213-214) and

employed linear multiple regression analy-

ses using dummy (indicator) variables. See

Glantz & Slinker (1990:69-72) for an ex-

planation. Also, analyses of covariance

(ANCOVA) using BIOM-PC, version 2,

Exeter Publishing Ltd. were performed.

Such tests were done using base 10 log

transformed data. However, it was found

that in the cases discussed here the results

of such tests did not need publication be-

cause in those cases used to search for pop-

ulation sample differences, the regression

graphs, the mean regression lines, and 95%
confidence intervals demonstrated clear sta-

tistical differences in ratios of body mea-

surements. Even though statistical tests

were done using base 10 log transformed

data, neither the regression graphs, their ac-

companying regression equations, nor the r-

values presented here are derived from base

10 log transformed data because presenta-

tion of non-transformed data in graphs is

more visually accessible to the reader. In

regression analyses a series of diagnostic

tests using SigmaStat Version 2.0 were run

to determine the suitability of the data for

the linear regression model. In all cases the

normality tests and the constant variance

tests were passed.

For histological analyses, tissues were re-

moved from specimens initially fixed in

10% formalin and subsequently transferred

to 70% ethanol. Tissues containing bony el-

ements were first decalcified. Some tissues

were then dehydrated in an ethanol series,

embedded in paraffin, sectioned at 5-10

|jLm, and stained with modified Masson's

trichrome (Schreibman 1964:219). Other

tissues were dehydrated in an ethanol series

to 95% ethanol and infiltrated with and em-

bedded in glycol methacrylate. Sections

were cut at 2.0-3.5 juim and stained with

toluidine blue and periodic acid-Schiff re-

agent (PAS)/hematoxylin (Quintero-Hunter

et al. 1991:170). Measurements of testis ar-

eas were taken from mid sagittal sections as

described by Burns et al. (1995:132).

For counts recorded in the descriptions,

those of the holotype are provided first fol-

lowed in parentheses by the mean of the

population sample, (or median when the

data are nonparametric), range, and the total

number of specimens counted.

The terminations of the dorsal and anal

fins are morphologically different and are

treated as follows. The posterior branched

ray of the dorsal fin has a single pterygiop-

hore at its base, i.e., the ray is not split to

its base and is counted as 1, but when it is

rarely split to its base, then its last two rays

are counted as 1 because there is only 1

pterygiophore at the base of these rays. In

the anal fin the most posterior pterygiop-

hore has its ray almost invariably split to

its base and these two rays are counted as

one.

The word pouch is used for that sac-like

area internal to the modified caudal-fin

scale or scales, called pouch scales, of the

usually adult, sexually active males of glan-

dulocaudine characids. The pouch opening

to the surrounding water occurs along the

posteroventral border of the scale or scales.

In almost all case in males the pouch open-

ing is provided with modified secretory

cells presumably producing a pheromone.

In diapomins both sexes have pouch scales.

See Weitzman & Fink (1985) and Weitz-

man & Menezes (1998) for further expla-

nation.

Specimens examined for this research are

deposited in the Museu de Zoologia, Univ-

ersidade de Sao Paulo (MZUSP); Museu
Nacional, Universidade Federal do Rio de

Janeiro (MNRJ); Laboratorio de Ictiologia

de Ribeirao Preto, Faculdade de Filosofia

Ciencias e Letras de Ribeirao Preto, Univ-

ersidade de Sao Paulo (LIRP); Departamen-

to de Zoologia, Universidade Estadual Pau-

lista, Campus de Sao Jose do Rio Preto, Sao

Paulo (DZSJRP); and the Smithsonian In-

stitution, National Museum of Natural His-

tory (USNM). Comparative glandulocaudi-
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ne and other characid specimens used in

this report are hsted in Weitzman & Fink

(1985: Appendix 1), Weitzman et al.

(1994), Burns et al. (1995, 1997), Weitz-

man & Menezes (1998:176), and Weitzman

et al. (2004).

Planaltina Bohlke

Planaltina Bohlke, 1954:265 (type species:

P. myersi Bohlke, 1954:267 by monotypy

and original designation).

Definition.— 1) There are fewer scales

forming the dorsal border of the caudal

pouch in Planaltina (1-2) than in Acrob-

rycon (4-7 or 8) and Diapoma (3—6). 2) In

Planaltina one of the scales forming the

dorsal border of the pouch opening is elon-

gate and forms most of that border, whereas

in Acrobrycon and Diapoma, even when
one of the dorsal border scales of the pouch

opening is somewhat elongate or larger, its

actual contribution to the length of the dor-

sal pouch border is little more than that of

the other dorsal border scales of the pouch

opening. 3) The three species of Planaltina

produce aquasperm, the nuclei of which

vary in shape from spherical to slightly el-

liptical, whereas both Acrobrycon and Dia-

poma have elongate sperm cell nuclei.

Key to the species of Planaltina

The characters used in this key, except

those in couplet la, are not necessarily syn-

apomorphies and the key is not intended to

reflect phylogenetic relationships, only in-

formation for species identification. The

key assumes that at least adult male speci-

mens are available and have a caudal organ

consisting of hypertrophied scales enclos-

ing a pouch that is in part open to the sur-

rounding water and that the specimens do

not fit the diagnosis of the Cheirodontinae

proposed by Malabarba (1998:199-205).

la. Male and female caudal organs as in-

dicated by caudal squamation nearly

equivalent in size and morphological

development; three or more scales im-

mediately ventral to lateral-line series

extend posteriorly to form dorsal border

of pouch opening Diapomini (2)

lb. Female caudal organs as expressed by

caudal squamation never as hypertro-

phied as that of males; arrangement of

scales bordering pouch opening not as

above other Glandulocaudinae

2a. Dorsal border of pouch opening formed

by one or two enlarged and elongate

dorsal scales; sperm cell nuclei spheri-

cal to slightly elliptical (aquasperm) . .

Planaltina (3)

2b. Dorsal border of pouch opening with-

out especially enlarged scales or one

somewhat enlarged scale present, but

its perimeter entering pouch border not

especially large; sperm-cell nucleus

somewhat elongate

Acrobrycon and Diapoma
3a. One much enlarged and elongate scale

along dorsal border of pouch opening;

adipose fin present .... Planaltina myersi

3b. Three enlarged and somewhat elongate

scales along dorsal border of pouch

opening; adipose fin present or absent (4)

4a. Six or seven scale rows between dorsal-

fin origin and lateral line; 5 scale rows

between anal-fin origin and lateral line;

16-17 scale rows around caudal pedun-

cle (X = 16.2); 17-20 predorsal scales

{X — 18.0); adipose fin absent ....

Planaltina glandipedis

4b. Five scale rows between dorsal-fin or-

igin and lateral line; 4 scale rows be-

tween anal-fin origin and lateral line;

12-14 scale rows around caudal pedun-

cle {X = 13.1); 14-16 predorsal scales

(X = 15.2); adipose fin present

Planaltina britskii

Planaltina myersi Bohlke

Figs. 1-3, Table 1

Planaltina myersi Bohlke, 1954:267, orig-

inal description, Brazil, "Goyaz, Sarandi

brook, Planaltina," now in Distrito Fed-

eral.—Weitzman & Fink, 1985:106-107,

listed specimens from several locali-

ties.—Burns et al. (1995:135-143) pre-

sented evidence that species is insemi-

nating with aquasperm.—Weitzman &
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Fig. L Planaltina myersi, USNM 221202, adult male above, SL 35.9 mm and adult female, below, SL 32.0

mm; corrego Pipiripau near Planaltina, Distrito Federal, Brazil, about 15°40'S, 47°39'W.

Table 1 .—Morphometries of Planaltina myersi. Standard length is expressed in mm; measurements through

head length are percentages of standard length; the last four entries are percentages of head length. Minimum,
maximum, n, X, and SD are based on the holotype, SU 18636 (now at CAS) and the following specimen lots:

MNRJ 10634, MNRJ 10635, USNM 363088, USNM 2210202, USNM 236416, USNM 258458, USNM 278966,

USNM 278986, USNM 278987, USNM 278989, and MUSP 63588.

Holo- .

type

Males Females

;; Range X SD n Range X SD

Standard length (mm) 36.8 14 22.3-38.0 33.7 33 19.0-43.0 30.7

Body depth at dorsal fin origin 24.7 14 22.2-26.2 24.0 1.0 33 21.1-28.3 24.9 1.8

Snout to dorsal-fin origin 54.3 14 54.3-61.6 59.2 1.8 33 53.7-61.1 59.1 1.5

Snout to pectoral-fin origin 25.5 14 24.5-26.2 25.3 0.6 33 22.2-28.6 25.0 1.4

Snout to pelvic-fin origin 46.2 14 45.1-47.1 45.8 0.6 33 46.7-50.0 46.4 1.4

Snout to anal-fin origin 58.4 14 57.3-61.0 59.2 1.0 33 57.1-64.9 60.9 2.0

Caudal peduncle depth 10.9 14 09.3-11.1 10.0 0.5 33 0.84-10.6 09.8 0.5

Caudal peduncle length 12.8 14 10.8-14.2 12.7 1.0 33 11.1-17.1 13.1 1.0

Pectoral-fin length 20.9 14 20.1-24.2 22.1 1.0 33 18.8-25.3 21.7 1.2

Pelvic-fin length 14.4 14 12.5-16.1 15.1 1.1 33 12.0-15.6 14.1 0.7

Dorsal-fin base length 10.9 14 08.9-12.5 10.5 0.8 33 0.93-12.9 10.4 0.8

Dorsal-fin height 19.8 14 18.7-21.4 20.2 0.8 33 18.2-21.3 19.8 0.8

Anal-fin base length 29.9 14 27.6-33.3 30.6 1.4 33 26.0-32.0 28.6 1.5

Anal-fin lobe length 17.7 14 16.8-18.8 17.9 0.7 33 16.1-19.6 18.1 1.0

Eye to dorsal-fin origin 46.5 14 44.6^7.9 46.1 1.0 33 41.7^8.6 45.7 1.5

Dorsal-fin origin to caudal-fin base 43.5 14 40.1-43.9 42.2 1.1 33 38.7-47.7 42.2 1.6

Bony head length 23.4 14 22.6-25.4 23.7 0.8 33 20.5-26.4 24.1 1.1

Horizontal eye diameter 35.4 14 35.0-37.7 36.2 0.7 33 33.7-42.6 36.7 1.8

Snout length 22.1 14 18.8-23.7 21.2 1.6 33 17.8-23.4 21.2 1.2

Least interorbital width 31.4 14 31.4-36.1 33.8 1.4 33 31.1-38.3 33.5 1.5

Upper jaw length 43.0 14 40.0-^5.9 43.1 1.4 33 40.3-47.7 43.8 1.5
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Fig. 2. Planaltina myersi, USNM 221202, adult male, SL 35.9 mm; corrego Pipiripau near Planaltina,

Distrito Federal, Brazil, about 15°40'S, 47°39'W. Displays pigment pattern of head and anterior part of body.

Menezes (1998:184) discussed relation-

ships and assigned it to Diapomini.

Specimens examined.—All specimens

are from Brazil, Distrito Federal, drainage

basin of rio Corumba, tributary of upper rio

Parana.

Holotype.—SU 18636 (now at CAS), 1

male, 36.8 mm SL. Type locality: Brazil:

"Goyaz, Sarandi brook, Planaltina" (ap-

proximately 15°40'S, 47°45'W). Now in

Distrito Federal, see discussion below re-

garding type locality.

Additional specimens.—Brazil: Distrito

Federal. MNRJ 10634, 24 (2 mature males,

from 30.5 to 31.5 mm SL; 22 immatures of

either sex to mature females, from 22.3 to

36.6 mm SL), corrego Fumal, where cross-

es road between Brasilia and Planaltina,

near Planaltina, about 15°20'S, 47°50'W, 1

1

Apr. 1982, L.E. de Macedo Cordoso. MNRJ
10635, 13 (including 1 c&s male, 33.3 mm
SL; 1 c&s female, 36.4 mm SL), corrego

Fumal, where it crosses road between Bra-

silia and Planaltina, near Planaltina, about

15°20'S, 47°50'W, 5 Aug. 1981, L. E. de

Macedo Cordoso. USNM 363088, 1 (ma-

ture male, 46.0 mm SL), rio Pipiripau near

Planaltina, about 15°40'S, 47°39'W, 30

Sept. 1977, N. Menezes & party. USNM
221202, 6(1 mature male, 35.9 mm; 5 ma-

ture females, 32.0-43.1 mm SL), rio Pipi-

ripau near Planaltina, about 15°40'S,

47°39'W, 30 Sept. 1977. N. Menezes & par-

ty. USNM 236416, 3 (immatures to 1 ma-

ture female, 19.0—39.7 mm SL), corrego

Vargem de Tras, rio Pipiripau, near Plan-

altina, about 15°40'S, 47°39'W, 1 Jun. 1979,

N. Menezes & E. Bastos. USNM 258458,

1 (mature female, c&s, 41.0 mm SL), rio

Pipiripau near Planaltina, about 15°40'S,

47°39'W, 19 Jan. 1976, E.C. Calaf. USNM
278966, 8 (7 mature sexually active males,

35.5-38.3 mm SL; 1 mature female, 37.8

mm SL), corrego Papuda, tributary of rio

Sao Bartolomeu, about 40 km south east of

Brasilia, 1 Feb. 1985, M. Ribeiro & party.

USNM 278985, 1 (mature male, 36.4 mm
SL), rio Pipiripau near PlanaUina, about

15°40'S, 47°39'W, 1985, M. Ribeiro.

USNM 278986, 1 (mature female, 39.6 mm
SL), corrego Papuda, tributary to rio Sao

Bartolomeu, 28 Aug. 1985, M. Ribeiro &
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R.C. Mendonga. USNM 278987, 1 (mature

male, 37.1 mm SL), corrego Forquilha, trib-

utary to rio Sao Bartolomeu, Sept. 1985, M.
Ribeiro. USNM 278989, 3 (mature females,

28.7-37.4 mm SL), rio Taboca, tributary to

rio Sao Bartolomeu, Sept. 1985, M. Ribeiro

& J. Dalmaco. MZUSP 63588, 3 (mature

females, 34.3-41.3 mm SL), corrego Var-

gem de Tras, rio Pipiripau, near Planaltina,

1 Jun. 1979, N. Menezes & E. Bastos.

Note.—Bohlke (1954:267) with the aid

of other Dr. Carl Ternetz localities of about

the same date discussed the type locality

"as a small brook somewhere along the

Chapadao do Sarandy, lying between the

headwaters of the Rio Maranhao (which

empties into the Tocantins) and those of the

Rio Sao Bartholomeo [= rio Sao Bartolo-

meu] (which empties into the [rio] Cor-

umba and then into the [rio] Paranahyba [=

rio Paranaiba]." Bohlke continued: "Thus
the particular brook which Ternetz collected

may drain into the Amazon system to the

north or into the Parana to the south, but

more likely the latter ..." Subsequent to

the original description, several collections

were made in this region as listed above

and in Weitzman & Fink (1985:106). Plan-

altina myersi so far has been found only in

the upper rio Parana system.

Definition.—Following features distin-

guish Planaltina myersi from P. glandipe-

dis and P. britskii: One much enlarged and

elongate scale along dorsal border of pouch

opening; adipose fin present. In addition,

anterior teeth of inner tooth row of premax-

illa of P. myersi pentacuspid, and dentary

with its anterior large teeth pentacuspid or

quadricuspid. Lower jaw not extending be-

yond upper. Planaltina glandipedis with tri-

l?i:::«

.«H. «., •

Fig. 3. Planaltina myersi, MNRJ 10635, c&s, sexually active male, SL 33.3 mm. Premaxilla, maxilla and

mandible, left side, external view. Note relative positions of maxilla and premaxilla with dentary not normal so

that all jaw teeth can be illustrated.
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Fig. 4. Planahina glandipedis, new species, paratype, USNM 362135, sexually active male, c&s, SL 24.3

mm. Premaxilla, maxilla and mandible, left side, external view. Note relative positions and premaxilla with

dentary not normal so that all jaw teeth can be illustrated.

cuspid teeth in inner row of premaxilla;

dentary with tricuspid anterior large teeth,

lower jaw protrudes somewhat beyond up-

per jaw. Planahina britskii with teeth of in-

ner row of premaxilla and large anterior

teeth of dentary pentacuspid and lower jaw

included by upper (Figs. 3-5, but note: in

drawings upper and lower jaws reproduced

from independent drawings and not in a

natural position in relation to one another,

thus some dentary teeth not hidden by up-

per jaw teeth).

Figures 6-13 illustrate Tukey Box Plot

distributions of population sample data for

species of Planahina. Captions of these fig-

ures provide results of Mann-Whitney rank

sum tests regarding differences and similar-

ities among P. myersi, P. britskii, and P.

glandipedis in number of lateral-series

scales. Fig. 6; number of predorsal scales.

Fig. 7; number of branched anal-fin rays.

Fig. 8; total number of vertebrae including

those of Weberian apparatus. Fig. 9; least

number of scale rows around caudal pedun-

cle. Fig. 10; number of lower-limb gill rak-

ers. Fig. 1 1 ; number of scale rows between

dorsal-fin origin and lateral line. Fig. 12;

and number of scale rows between anal-fin

origin and lateral line. Fig. 13.

Description.—Morphometries of the ho-

lotype and additional specimens presented

in Table 1 . Tables, graphs, and descriptions
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Fig. 5. Planaltina britskii, new species, paratype, MZUSP 62758, c&s, sexually active male, SL 35.6 mm.
Premaxilla, maxilla and mandible, left side, external view. Note relative positions of maxilla and premaxilla

with dentary not normal so that all jaw teeth can be illustrated.

provided below based on combined lots of

this species because no statistical differenc-

es were found among examined same-sex

population samples. All collection localities

geographically close and in one drainage

system, rio Corumba, upper rio Parana.

Body large, compressed and moderately

elongate; greatest body depth between
snout tip and dorsal-fin origin, near origin

of pelvic fin. Dorsal body profile somewhat
convex between nape and just anterior to

dorsal-fin origin, only slightly elevated at

dorsal-fin origin. Head profile to snout tip

slightly convex. Snout rounded. Body pro-

file nearly straight along dorsal-fin base and

slightly concave in region of caudal pedun-

cle. Dorsal-fin origin nearer to caudal-fin

base than snout tip. Ventral body profile

convex from tip of lower jaw to anal-fin

origin, nearly straight along anal-fin base

and slightly concave from end of anal fin

to origin of procurrent caudal-fin rays.

Lower jaw terminal or only slightly pro-

truding anterior to upper jaw. Mouth gape

somewhat inclined posteroventrally towards

mandibular joint. Maxilla extending poste-

riorly beyond vertical line passing through

anterior border of orbit, but falling short of

reaching a vertical line passing through an-

terior border of pupil of eye (see Fig. 2).

Dorsal-fin rays ii, 8 in 44 of 45 speci-

mens including holotype, I, 7 in one spec-
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38

Number of lateral series scales

39 40 41 42 43

n = 55

n = 27 -

n = 44

P. britskii

P. glandipedis

- P. myersi

37 38 39 40 41 42 43

Fig. 6. Tukey box plots showing the statistical distribution of number of lateral-series scales for species of

Planaltina. No significant difference in number of lateral series scales was found using a Mann-Whitney rank

sum test for P. myersi and P. glandipedis. However, using this test a statistically significant difference was found

between P. myersi and P. britskii (T = 3021.00, P = <0.001) and between P. glandipedis and P. britskii (T =

1733.0, P = <0.001). The median for P. myersi and P. glandipedis is 41 and for P. britskii it is 40.

imen. Posterior most ray unbranched in all

but one specimen in which count appears

as ii, 9, but is actually ii, 8, posteriormost

ray being branched, n = 45. Adipose fin

present. Anal-fin rays iv, 21 (iv or v, usually

V, branched rays X = 20.8, range 19-23, n

= 45). Moderately developed anterior anal-

fin lobe including anterior unbranched rays

and first 4-5 branched rays. Anal fin of sex-

ually mature males with bilateral hooks on

fifth unbranched and anterior 9 or 10

branched rays distributed as in Fig. 14. Pec-

toral-fin rays i, 1 1 (anterior unbranched ray

i in all specimens, posterior ray actually un-

branched, but counted as a branched ray),

branched rays X = 10.3, range 9-11, n =

45. Posterior tips of longest pectoral-fin

rays not reaching pelvic-fin origin; pectoral

fin about same length in both sexes, without

hooks. Pelvic-fin rays i, 6, « = 45 (posterior

most ray unbranched). Sexually mature

males with hooks present on rays of pelvic

fin, distributed as in Fig. 15. Number of

hooks per ray varying among different

males, but usually approximately as shown
in Fig. 15; a mature male (30.5 mm SL)

with hooks on first ray, 8 on second, 10

on third, 13 on fourth, 15 on fifth, 16 on

sixth, 3 on seventh ray, all on ventral sur-

face of right side pelvic fin. Pelvic fins of

adult males longer than those of adult fe-

males (see Table 1 and Fig. 15); distal tips

of longest pelvic-fin rays extending to, or

slightly beyond, anal-fin origin in adult

males, but pelvic fins falling short of ante-

rior origin of anal fin in adult females.

Compare Figs, la, b. See also discussion

under ''Sexual dimorphism.'''' Scales cy-

cloid, with few radii, often 3-6 along pos-

terior exposed field, more numerlous, to

approximately 10, on enlarged scale bor-

dering dorsal border of pouch opening.
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13 14

Number of predorsal scales

15 16 17 18 19

n = 73

n = 41

n = 44

P. britskii

P. glandipedis

P. myersi

13 14 15 16 17 18 19 20 21

Fig. 7. Tukey box plots of number of predorsal scales for species of Planaltina. A Mann-Whitney rank sum
tests found no significant difference in the number of those scales for P. myersi and P. britskii, but a significant

difference was found between P. myersi and P. glandipedis (T = 2633.000, P = <0.001) and between P.

glandipedis and P. britskii (T = 3854.000, P = <0.001). The median for P. myersi = 15, for P. glandipedis —

18 (= the same as mean), and for P. britskii = 15.

Lateral line complete, perforated scales

42 (X = 41.0, range 39-43, n = 44). Pre-

dorsal scales 15 (X = 15.3, range 13-17, n

= 44). Scale rows between dorsal-fin origin

and lateral line 6 (X = 5.9, range 5-6, n =

45). Scale rows between anal-fin origin and

lateral line 5 (X = 4.9, range 4-5, n = 45).

Scale rows around caudal peduncle 16 (X
= 15.5, range 15-16, n — 45).

Premaxillary teeth in two distinct rows

(see Fig. 3). Larger teeth pentacuspid;

smaller teeth tricuspid or with less well-de-

veloped and sometimes vestigial additional

lateral cusps. Outer row teeth 3 {X = 3.2,

range 2-4, n = 47). Inner row teeth 4 {X
= 4.0, range 4-5, but only one specimen

had 5 teeth, n = 47). Maxillary teeth 1

(number of teeth does not appear to in-

crease ontogenetically, X = 2.1, range 1-3,

n = 47). Maxillary teeth tricuspid, occa-

sionally bicuspid, (anterior tooth larger than

remaining teeth). Dentary with 4 large an-

terior pentacuspid or sometimes quadricus-

pid teeth, n — 47 and 7 smaller posterior

teeth (X = 7.0, range 5-9, n = 46). Pre-

maxillary, maxillary, and dentary teeth

compressed so that flattened surfaces face

both externally and internally.

Vertebrae 39 (X = 39.3, range 38-41, n

— 54). Upper limb gill-rakers 5 (X = 5.7,

range 4—7, n = 47); lower limb gill-rakers

10 {X = 11.1, range 10-13, n = 47). Bran-

chiostegal rays 4 in two cleared and stained

specimens, 3 rays originating from anterior

ceratohyal and 1 ray from posterior cera-

tohyal.

Color in alcohol.—Males and females

with approximately the same color pattern

(Figs, la, b, 2). Body pale to light brown

and a little darker dorsally than ventrally.

Dorsal body surface dark due to scattered

dark chromatophores and a clear reticulate
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n = 90

n = 48

n = 45 -

20

Number of branched anal-fin rays

21 22 23

P. britskii

P. glandipedis

P. myersi

21 22 23 24

Fig. 8. Tukey box plots of number of branched anal-fin rays for species of PIanaltina. A significant difference

in number of these fin rays was found among all three species using a Mann-Whitney rank sum test. Between

P. myersi and P. britskii {T = 2449.000, P = 0.004), between P. myersi and P. glandipedis (T = 1376.000, P
= <0.001) and between P. glandipedis and P. britskii (T = 4387.000, P. = <0.001). The median for P. myersi

= 21, for P. glandipedis = 22 and for P. britskii = 21.

pattern of dark chromatophores associated

with scale borders. Fewer dark chromato-

phores occurring on ventral posterior part

of body where scattered concentration of

chromatophores presents on body dorsal to

anterior half of anal fin, most obvious in

males. Dark lateral body stripe present, but

mostly obscured by guanine pigment in

freshly caught specimens or in specimens

fixed in ethyl alcohol. This darkly pig-

mented stripe, when guanine pigment de-

stroyed by formalin, extending from pos-

terior part of dorsal opercular region to cau-

dal-fin base and onto anterior part of me-
dian caudal-fin rays. Dark pigmentation of

lateral stripe mostly concentrated along

posterior two thirds of body and about

equally evident on males and females. Also

extending onto anterior part of median cau-

dal-fin rays. Other median fins relatively

free of pigment, but anal fin with consid-

erable amount of dark pigment on the mem-

branes between rays. Pectoral and pelvic

fins pale. Head dark dorsally and dark

around mouth. Circumorbital bones and op-

ercle silvery with very few scattered dark

chromatophore s

.

Sexual dimorphism, reproductive mode
and gonad anatomy.—The females lack the

pelvic-fin and anal-fin hooks present in

males as described above (see Figs. 14, 15).

The pelvic fins are longer in adult males

than in adult females. Our data indicate that

sexual maturity is reached by about or at

least by 30 mm SL and by this length the

male's pelvic fins have also reached their

proportionately greatest length relative to

that of the females. Comparisons of Fig. 16

of P. myersi. Fig. 17 of P. glandipedis and

Fig. 18 of P. britksii indicate that the rela-

tive pelvic-fin length in males of P. myersi

and P. glandipedis varies less than in P.

britskii. Although our population samples

are represented by males and females of
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Number of vertebrae including Weberian apparatus

n = 28

n = 40 -

n = 54

- P. britskii

- P. g;andipedis

P. myersi

37 38 39 40 41 42

Fig. 9. Tukey box plots showing the distribution of number of vertebrae for species of Planaltina. A Mann-

Whitney rank sum test found no significant difference between number of vertebrae in P. myersi and P. glan-

dipedis, but a significant difference {T = 612.500, P = <0.001) was found between P. britskii and P. glandipedis

as well as P. britskii and P. myersi {T = 740.00, P = <0.001). Median for P. myersi and P. glandipedis = 39,

and for P. britskii = 38.

about equal length ranges for each sex, rel-

atively few are fully sexually mature judg-

ing from visual inspection of the gonad

state of development in some specimens.

The scales bordering the dorsal margin of

the mature male pouch opening (see Fig.

19) are more elongate than those of the ma-

ture females, but it is impossible to predict

if greater elongation of scales dorsal to the

pouch opening might be attained at com-

paratively larger sizes in females.

A gill gland as reported present in Cor-

ynopoma riisei Gill by Burns and Weitzman

(1996) was reported as present by Bush-

mann et al. (2002: table 1) in a sexually

mature male specimen of P. myersi (USNM
278966, 38.3 mm SL), but absent in a sex-

ually mature female specimen (USNM
278966, 43.0 mm SL). In maturing males

the presence of such a gland is uncertain.

One maturing male specimen (MNRJ

10635, 33.0 mm SL) appeared to have sev-

eral fused distal tips of anterior gill fila-

ments, but no obvious gill gland was pre-

sent.

Histological analysis revealed that the

epithelium covering both the anal- and pel-

vic-fin rays was thicker in males than in

females. Figure 20 shows the thickened ep-

ithelium along a pelvic-fin ray of a mature

male (USNM 278966, 38.3 mm SL). Abun-

dant club cells, some close to the surface,

were present in the anal- and pelvic-fin ep-

ithelia of both sexes.

Histological analysis of ovaries of two

mature females (MNRJ 10634, 30.9 mm
SL; USNM 278989, 35.0 mm SL) revealed

the presence of abundant spermatozoa (see

Fig. 21) and large mature oocytes within

the ovarian cavity (see also Burns et al.,

1995: table 3 and fig. lA). Longitudinal

sections through the testes revealed a pos-
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Least number of horizontal scale rows around caudal peduncle

n = 55

n = 26

n = 41

P. britskii

P. glandipedis

P. myersi

11 12 13 14 15 16 17 18

Fig. 10. Tukey box plots of least number of horizontal scale rows around caudal peduncle for species of

Planaltina. A Mann-Whitney rank sum test indicated a statistically significant difference among all species. That

between P. britskii and P. glandipedis and between P. britskii and P. myersi is obvious comparing the graphs,

but that between P. glandipedis and P. myersi, although apparently statistically significant {T = 1186.00, P =

<0.001) is not particularly useful for identification of the species. Median for P. myersi and P. glandipedis =

16, and for P. britskii =13.

terior sperm storage area occupying 44.2%
of the total testis area in a mid-sagittal testis

section as was reported and discussed by

Burns et al. (1995:134, fig. 2). Burns et al.

(1995: table 3) also reported that the sperm

cells are typical aquasperm, but with the

nucleus spherical to slightly "deformed."

There appear to be no sperm cell modifi-

cations as found in typical glandulocaudi-

nes, but ultrastructure examination was not

possible because only formalin-fixed spec-

imens were available.

Planaltina glandipedis^ new species

Fig. 22, Table 2

Specimens examined.—All specimens

from Brazil, Estado de Sao Paulo, Municf-

pio de Corumbatai (except where noted),

and tributaries to the drainage basin of the

rio Tiete, a tributary of the upper rio Para-

na.

Holotype.—yvnJSV 62752, male, 26.2

mm SL, Corumbatai, rio Corumbatai, ap-

proximately 22°13'S, 47°38'W, 19 Jan.

1976; H. A. Britski.

Paratypes.—yvnJSV 62753, 11 (23.0-

28.7 mm SL) and USNM 362135, 11 (im-

matures to adults, sex undetermined, both

collected with holotype, 20.0—27.0 mm SL,

2 specimens, male 26.3 mm SL and female

27.0 mm SL used for histological informa-

tion). Following 5 lots of immature to adult

paratypes collected at Corumbatai, rio Cor-

umbatai, approximately 22°13'S, 47°38'W.

MZUSP 62754, 7 (19.7-23.0 mm SL).

USNM 362 L36, 5 (2L7-25.3 mm SL), 25

Jan. 1976, H. A. Britski. MZUSP 62755, 1

(28.5 mm SL), Dec. 1962, H. A. Britski.

USNM 362 L37, 2 (25.8 and 26.5 mm SL),
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Number of lower limb gill rakers
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n = 90

n = 48 -

n = 47

P. britskii

- P. glandipedis

P. myersi
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Fig. 1 1 . Tukey box plots of number of lower limb gill rakers for species of Planaltina. The differences in

the number of lower limb gill rakers among the species is relatively small and provide little if any useful

information for identification of the species. However, a nonparametric Mann-Whitney rank sum test found a

statistical difference between P. britskii and P. myersi (T = 2192.500, P = <0.001) and may indicate a genetic

difference in these species. However, using the same type of test, differences between the other two species

combinations suggest that resulting differences should be interpreted cautiously and considering the numbers of

specimens used we reserve judgment about any possible genetic differences in these species. Differences for P.

britskii and P. glandipedis are T = 1936.5, P = 0.017 and for P. glandipedis and P. myersi are T = 2752.0, P
= 0.009. Median for P. myersi and P. glandipedis = 11, and for P. britskii = 12.

2 Nov. 1963, H. A. Britski & A. E. Gomes.

MZUSP 62756, 3 (matures 25.5-26.5 mm
SL), 2 Nov. 1963, H. A. Britski & A. E.

Gomes. DZSJRP 671, 4 (22.0-25.0 mm SL)

and MZUSP 63690, 3 (matures 25.5-26.5

mm SL), Brazil, Sao Paulo, Municipio de

Brotas, basin of rio Jacare-Pepira, approxi-

mately 22°17'S, 48°09'W, Jan. 1988, W. Bar-

rela.

Definition.—Planaltina glandipedis is

sympatric with P. britskii, but can be easily

distinguished from that species and the al-

lopatric P. myersi by lacking an adipose fin

and by characters provided in the key. Fur-

thermore, P. glandipedis has tricuspid jaw

teeth (see Figs. 3-5) and the lower jaw pro-

trudes somewhat beyond upper, whereas in

P. britskii the teeth of the inner row of the

premaxilla and the large anterior teeth on

the dentary are pentacuspid, and the lower

jaw is included by the upper jaw.

Description.—Morphometries of the ho-

lotype and paratypes presented in Table 2.

Description based on all lots of this species

examined because no statistical differences

found among lots from different localities.

Body relatively small, compressed and

moderately elongate; greatest body depth

between snout tip and dorsal-fin origin, near

distal tip of adpressed pelvic fin. Dorsal

body profile elevated at dorsal-fin origin,

slightly convex from this point to snout tip,

nearly straight along dorsal-fin base and

slightly concave dorsal to caudal peduncle.

Dorsal-fin origin nearer to caudal-fin base

than to snout tip. Ventral body profile con-



VOLUME 116, NUMBER 3 573

Number of scale rows between dorsal-fin origin and lateral line

7

n = 78 -

n = 41 -

n = 45

P. britskii

- P. glandipedis

P. myersi

Fig. 12. Tukey box plots of number of scale rows between dorsal-fin origin and lateral line for species of

Planaltina. A nonparametric Mann-Whitney rank sum test detected a statistically significant difference between

P. britskii and both other species, P. britskii and P. glandipedis (T = 4059.000, P = <0.001) and for P. britskii

and P. myersi (T = 4350.000, P = <0.001). The same test for differences between P. myersi and P. glandipedis

indicated no significant difference. Median for P. myersi and P. glandipedis = 6, and for P. britskii = 5.

vex from tip of lower jaw to anal-fin origin,

nearly straight along anal-fin base and con-

cave from end of anal fin to origin of pro-

current caudal-fin rays.

Lower jaw protruding, anterior to upper

jaw. Mouth gape inclined posteroventrally

towards mandibular joint. Maxilla extend-

ing posteriorly beyond vertical line passing

through anterior border of orbit, but not

reaching vertical line passing through an-

terior border of eye pupil.

Dorsal-fin rays ii, 8, n = 47. Adipose fin

absent. Anal-fin rays iv, 22 (iv or v, usually

iv, branched rays X — 2.2, range 20-25, n

= 48). Anterior anal-fin lobe moderately

developed and includes fourth or fifth un-

branched ray and first 5-6 branched rays.

Anal fin of sexually mature males with bi-

lateral hooks on fourth or fifth unbranched

and anterior 10 branched rays (Fig. 23).

Anal fin of sexually active males with glan-

dular cells on fin's anterior region (see

''Sexual dimorphism, . .
." below and Fig.

24). Pectoral-fin rays i, 9 (anterior un-

branched ray i in all specimens) branched

rays X = 9.7, range 9-11, n = 48. Distal

tips of longest pectoral-fin rays extending

posteriorly beyond pelvic-fin origin. Pec-

toral fins of about equal length in both sex-

es and without hooks. Pelvic-fin rays i, 6

(posteriormost ray unbranched in most

specimens, branched in two adult males,

but always considered as "branched" in

counts, n = 48). Sexually mature males

with hooks present on rays of pelvic fin,

distributed as in Fig. 25. Number of hooks

per ray in males varies; mature male (26.0

mm SL) with 7 hooks on first, 18 on sec-

ond, 16 on third, 10 on fourth, and 13 on

fifth branched rays of right pelvic fin. Pel-

vic fins of adult males somewhat longer

than those of most adult females (see Fig.
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Number of scale rows between anal-fin origin and lateral line

n = 78

n = 41

n = 45

P. britksii

P. glandipedis

- P. myersi

Fig. 13. Tukey box plots of number of scale rows between anal-fin origin and lateral line for species of

Planaltina. A nonparametric Mann-Whitney rank sum test found a statistically significant difference between P.

britskii and P. myersi (T = 431 1.00, P = <0.001). The same test for P. myersi and P. glandipedis indicated no

significant difference. The difference between P. britskii (all 4) and P. glandipedis (all 5) was absolute. Median

for P. myersi = 5.

17); distal tips of longest pelvic-fin rays ex-

tending to anal-fin origin in adult males but

not in adult females. Males and females

with pads of glandular tissue on pelvic-fin

rays (see Figs. 26 and 27 and discussion in

'^Sexual dimorphism, ..." below).

Scales cycloid with few radii along pos-

terior border, more numerous on enlarged

scales bordering and covering caudal pouch

of male and female (see Fig. 28a, b).

Lateral line complete, perforated scales

41 (X = 40.7, range 40-44, n = 27). Pre-

dorsal scales 18 (X = 18, range 17-20, n =

41). Scale rows between dorsal-fin origin

and lateral line 6 (X = 6.1, range 6-7, n =

41). Scale rows between anal-fin origin and

lateral line 5 in all specimens (n = 41).

Scale rows around caudal peduncle 16 (X
= 16.2, range 16-17, n = 26).

Premaxillary teeth in two distinct rows.

Larger teeth distinctly tricuspid, smaller

teeth with less well-developed, sometimes

vestigial, lateral cusps (see Fig. 4). Outer

row teeth 3 (X = 2.5, range 1-4, n = 48).

Inner row teeth 4 {X = 4.9, range 4-6, n =

44). Maxillary teeth 3, (increasing in num-
ber with increasing SL from X = 3.6 in 10

specimens between 20.0 and 24.7 mm SL
to X = 4.2 in 7 specimens between 22.0

and 26.5 mm SL). Maxillary teeth tricuspid,

first 2 or 3 larger than remaining teeth. Den-

tary with 4 large anterior tricuspid teeth in

all specimens, ^ = 48 and 8 (X = 7.2, range

5-11, n = 48) posterior small teeth. Pre-

maxillary, maxillary, and dentary teeth

compressed, having flat inner and outer sur-

faces.

Vertebrae 39 (X = 39.5, range 38-41, n

= 39). Upper limb gill-rakers 6 (X = 5.6,

range 5-6, n = 48); lower limb gill-rakers

12 (X = 11.5, range 10-13, n = 48). Bran-

chiostegal rays 4 in two cleared and stained
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Fig. 14. Planaltina myersi, MNRJ 10635, c&s, sexually active male, SL 33.3 mm. Anterior portion of anal

fin, left side. Figure shows anal-fin hooks positioned along posterolateral border of anal-fin rays, larger more

posterior hooks bent dorsoanteriorly. Inset drawing at right shows anal-fin hook remnants of a sexually inactive

adult male or perhaps developing hooks of a maturing male.

specimens, 3 rays originating from anterior

ceratohyal and 1 ray from posterior cera-

tohyal.

Color in alcohol.—Males and females

with approximately same color pattern (Fig.

22) at least in specimens preserved in al-

cohol for more than 20 years. Body pale to

light brown and slightly darker dorsally

than ventrally. Dorsal body surface dark

due to scattered dark chromatophores. Few-
er dark chromatophores on the ventral pos-

terior part of body. Dark lateral body stripe

mostly obscured by guanine pigment when
such pigment not destroyed by formalin and

extending from posterior part of dorsal

opercular region to caudal-fin base. Visible

dark pigmentation of lateral stripe mostly

concentrated on caudal peduncle and more
evident on males. This dark pigment con-

tinuing on anterior part of median caudal-

fin rays. Pectoral and pelvic fins pale, dorsal

and anal fins dusky with scattered dark

chromatophores along fin rays. Head darker

dorsally and around mouth. Circumorbital

bones and opercle silvery with few scat-

tered dark chromatophores.

Ecology.—Dr. Heraldo Britski (pers.

comm.) reports that the rio Corumbatai,

where most of the samples were collected,

is a clear-water river with a sandy bottom,

approximately 8 meters wide and 1 meter

deep at the collecting site. The area was al-

most entirely deforested and the marginal

vegetation predominately represented by

grasses.

Sexual dimorphism, mode of reproduc-

tion, and gonad anatomy.—Histological

analysis revealed a thickened epithelium

along the anal-fin rays of a mature male

(26.3 mm SL; Fig. 24). Only a slight thick-

ening was evident in the anal fin of a ma-

ture female (27.0 mm SL). Club cells were

abundant in some areas, particularly in the

epithelium near the anal-fin base. Although

some club cells were present near the epi-

thelial surface, no definitive secretion of the
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Fig. 15. Planaltina myersi, MNRJ 10634, c&s, sexually active male, SL 30.5 mm. Pelvic-fin rays, left side.

Ventral surface showing pelvic-fin hooks.

cell contents was observed. The females

lack the anal-fin and pelvic-fin hooks pre-

sent in the males as described above (Fig.

25). The mean pelvic-fin length is longer in

adult males than in adult females (Fig. 17)

and although difficult to document from our

limited data, this divergence in relative

length may begin at approximately 24.0-

25.0 mm. The skin is thickened along the

ventral surface of the pelvic-fin rays of re-

productively active males and forms a lin-

ear and turgid mound of tissue. Histological

analysis of pelvic fins of a mature male

(26.3 mm SL) and a mature female (27.0

mm SL) revealed that the marked thicken-

ing of the skin in the male was due to both

growth of the epithelium and underlying

connective tissue (Figs. 26, 27b). Club cells

were particularly abundant near the pelvic-

fin base, some near or at the surface. Un-
fortunately we were not able to observe

cells at the surface undergoing active ho-

locrine secretion as was observed for sim-

ilar cells of the anterior region of the anal

fin of a species of Attonitus and the new
genus. See Weitzman et al. (2004) for a

more complete description of the gland

cells and their mode of secretion in species

of Attonitus. In the related undescribed ge-

nus and species these glandular cells resem-

ble the classic "club" cells known to be

present in most ostariophysan fishes (Pfeif-

fer 1977:660). There is a great amount of

evidence that most ostariophysan club cells

produce a pheromone that serves as an

alarm signal (Pfeiffer 1967:389-390). Clas-

sic alarm substance cells (ASC's) are club

cells that do not open onto the epithelial

surface and are said to release their contents

only if the epithelium is damaged (Pfeiffer

1977:660-662). The club cells seen along

the anal fin of Attonitus and the possibly

closely related new genus and species do

reach the epithelial surface and undergo de-
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Fig. 16. Planaltina myersi, pelvic-fin length as a function of SL by sex. Males and females were identified

by external features and sometimes by examination of gonads through a slit in right side of body. Below 30

mm SL, the data is essentially useless for indicating differences in male and female pelvic-fin length, but beyond

30 mm SL, where most mature males occur and primarily where sex of both could males and females could be

identified by gonad examination, all males have longer pelvic fins than females.

generation with the contents of the entire

cell being secreted (holocrine secretion).

These cells may therefore have a function

other than of ASC's as may be the case in

several catfish species (Pfeiffer 1967:389-

390, 1977:663). Some club cells observed

in the species of Planaltina also appeared

to be located near the epithelial surface, al-

though cell degeneration and release was
not observed in our histological sections.

More specimens need to be analyzed his-

tologically to see if some club cells oi Plan-

altina resemble those present on the anal

fins of species of Attonitus and the new spe-

cies and genus possibly closely related to

Attonitus.

Although our population samples of P.

glandipedis are represented by males and

females of about equal length ranges from

24 to about 28.5 mm SL, only a few are

sexually mature judging from visual in-

spection of the gonads. The scales border-

ing the dorsal border of the mature male

pouch opening are more elongate than those

of the mature females (Fig. 28a, b), but it

is impossible to predict that greater elon-

gation of scales dorsal to the pouch opening

might be attained at comparatively larger

sizes in females based only on the few

available adult specimens of both sexes.

Histological analysis of ovaries from a

mature female (27.0 mm SL) revealed the
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Fig. 17. Planaltina glandipedis, pelvic-fin length as a function of SL by sex. Males and females identified

by external features and sometimes by examination of gonads by a slit in right side of body. Sexual maturity

according to relative pelvic-fin length in males versus those of females appears to strikingly occur at least by

standard lengths of about 25 mm SL where there appears a sudden increase in male pelvic-fin length. However,

the data in other regions of the graph are insufficient to confirm this estimate. Also, at these lengths the male's

testes become active and gland cells appear present in the pelvic fins.

presence of spermatozoa within the ovarian

cavity (Fig. 29). Longitudinal sections

through the testes revealed a posterior

sperm storage area like that described for

P. myersi by Burns et al. (1995:134, fig. 2).

This posterior sperm storage region in a

mature male P. glandipedis male (26.3 mm
SL) occupied 23.3% of the area of a mid

sagittal testis section. In P. myersi the stor-

age area occupied 44.2% of the total testis

area while equivalent regions in outgroup

glandulocaudine species ranged from 4.3-

12.2% (Burns et al. 1995). As reported for

P. myersi by Burns et al. (1995: table 3) the

sperm cell nucleus is spherical to slightly

deformed. There appears to be no sperm

cell modifications as are found in typical

glandulocaudines, but ultrastructure exami-

nation was not possible. There were no gill

glands as reported in Corynopoma riisei

Gill by Burns and Weitzman (1996) and

other glandulocaudines by Bushmann et al.

(2002).

Distribution.—Planaltina glandipedis is

known from the rio Corumbatai and rio Ja-

care-Pepira, both tributaries of the rio Tiete,

upper rio Parana basin, in the State of Sao

Paulo.

Etymology.—The name glandipedis is

derived from Latin glandula, diminutive for
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Fig. 18. Planaltina britskii, pelvic-fin length as function of SL by sex and maturity. Males and females

identified by external features and sometimes by examination of gonads by a slit in right side of body. Sexual

maturity according to relative pelvic-fin length in males versus that of females appears to occur by lengths close

to 28-29 mm SL. At these lengths male's pelvic fins become longer relative to those of females. Also, at these

lengths, male's testes become active.

acorn, hence gland, and pedis, Latin for

foot, in this case referring to the pelvic fins.

A noun in apposition. The name is meant

to signify a fish with a pelvic-fin gland or

organ.

Planaltina britskii^ new species

Fig. 30, Table 3

Specimens examined.—All type speci-

mens are from Brazil, Estado de Sao Paulo,

drainages, tributary to rio Grande or rio

Tiete, both tributaries of the rio Parana or

in small streams directly tributary to the rio

Parana.

Holotype.—MZ\]SV 62757, male, 35.0

mm SL, Municipio de Sao Jose do Rio

Preto, corrego da BaiTa Funda, tributary of

rio Preto and tributary of rio Turvo, tribu-

tary of rio Grande, approximately, 20°37'S,

49°23'W, 7 Dec. 1998, V. Garutti.

Paratypes.—MZUSV 62758, 5 (33.0-

36.5 mm SL) and DZSJRP 668, 7 (imma-

ture to adults, 22.0—36.5 mm SL), collected

with holotype. Following 4 lots of imma-

ture to adult paratypes collected in Muni-

cipio de Sao Jose do Rio Preto, corrego da

Barra Funda, tributary of rio Preto and then

rio Turvo, tributary of rio Grande, approx-

imately 20°37'S, 49°23'W. MZUSP 62759,

4 (17.0-31.0 mm SL), 30 Dec. 1980, V. Ga-
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Fig. 19. Planaltina myersi, MNRJ 10635, c&s, sexually active male, SL 33.3 mm. Caudal skeleton, lateral

view, left side. Inset at left shows modified scales removed.

Fig. 20. Planaltina myersi, USNM 278966, histological section of pelvic fin showing abundant club cells

(arrows), adult male SL 38.3 mm. Bar = 100 iJim.
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Fig. 21. Planaltina myersi, USNM 278989, histological section of ovary of adult female, 35.0 mm SL, arrow

points to spermatozoa, o = oocyte cytoplasm. Bar = 20 |xm.

rutti & party; DZSJRP 674, 5 (immatures,

26.0-27.0 mm SL), 30 Dec. 1980, V. Ga-

rutti & party; MZUSP 26911, 10 (21.0-

26.2 mm SL), 4 Jul. 1980, V. Garutti;

USNM 362134, 10 (immatures to adults,

25.5-31.2 mm SL), 4 Jul. 1980, V. Garutti.

MZUSP 62760, 10 (immatures to adults,

19.0-32.5 mm SL); LIRP 2255, 10 (im-

matures to adults, 31.5-33.5 mm SL), Mun-
icipio de Auriflama, Fazenda Itapua, cor-

Fig. 22. Planaltina glandipedis, new species, holotype, adult male above, MZUSP 62752, SL 26.2 mm and

paratype, adult female below, MZUSP 62753, SL 28.6 mm. Corumbatai, rio Corumbatai, approximately 22°13'S,

47°38'W, Estado de Sao Paulo, Brazil.
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Table 2.—Morphometries of Planaltina glandipedis. Standard length is expressed in mm; measurements

through head length are percentages of standard length; the last four entries are percentages of head length.

Minimum, maximum, //, X, and SD are based on the holotype, MZUSP 62752, and the following paratype lots:

MZUSP 62753, USNM 362135, MZUSP 62754, USNM 362136, MZUSP 62755, USNM 362137, MZUSP
62756, and DZSJRP 671.

Holotype

Males Females

n Range X SD n Range X SD

Standard length (mm) 26.2 27 20-28.7 24.0 20 19.7-28.6 24.2

Body depth at dorsal fin origin 26.7 27 18.6-28.8 23.5 3.0 20 21.8-28.7 24.3 2.0

Snout to dorsal-fin origin 61.5 27 54.4-64.0 58.9 2.6 20 54.7-62.8 59.5 2.5

Snout to pectoral-fin origin 25.6 27 21.4-28.0 24.2 1.6 20 23.0-27.6 24.9 1.1

Snout to pelvic-fin origin 45.8 27 42.4-50.0 45.2 2.0 20 42.1-49.1 45.7 1.7

Snout to anal-fin origin 58.8 27 53.0-64.0 57.7 2.6 20 55.8-61.5 59.0 1.6

Caudal peduncle depth 10.7 27 07.9-12.0 09.9 1.2 20 07.6-11.5 09.9 1.1

Caudal peduncle length 12.6 27 10.6-14.4 12.4 0.9 20 07.6-14.5 12.0 1.6

Pectoral-fin length 26.7 27 20.6-26.9 23.4 1.2 20 21.8-26.4 23.4 0.1

Pelvic-fin length 14.5 27 12.5-14.5 13.4 0.5 20 11.2-14.4 12.5 0.7

Dorsal-fin base length 09.9 26 08.0-12.0 09.8 0.1 20 08.2-12.7 10.0 1.2

Dorsal-fin height 19.8 27 15.9-22.4 19.6 1.7 20 17.2-22.1 19.7 1.3

Anal-fin base length 29.3 27 26.5-32.8 29.0 1.6 20 26.0-33.2 28.7 2.0

Anal-fin lobe length 17.9 27 13.6-19.5 17.2 1.6 20 13.0-20.4 17.3 1.8

Eye to dorsal-fin origin 46.9 27 43.1^9.6 46.0 2.1 20 43.0-50.0 46.5 1.6

Dorsal-fin origin to caudal-fin base 38.2 27 36.3^2.0 39.3 1.5 20 36.4-40.7 38.7 1.1

Bony head length 24.8 27 21.6-25.8 23.3 1.2 20 21.5-25.4 23.3 1.1

Horizontal eye diameter 35.4 27 35.4^2.6 38.9 1.8 20 33.8-42.6 38.7 2.1

Snout length 23.1 27 17.0-26.9 21.0 2.5 20 17.8-25.4 21.9 2.6

Least interorbital width 33.8 27 27.0-34.9 30.8 2.1 20 26.7-36.2 31.5 2.6

Upper jaw length 43.1 27 37.0-44.8 40.7 2.1 20 38.6-44.0 41.3 14

rego do Limoeiro, tributary of rio Sao Jose

dos Dourados, tributary of rio Grande,

20°33'32.9"S, 50°35'29"W, altitude 350 m,

28 Jul. 1999, Ricardo M. C. Castro & party.

MZUSP 62761, 6 (29.5-35.0 mm SL).

DZSJRP 656, 7 (immatures to adults, 22.0-

29.2 mm SL), Jose Bonifacio, km 88 of

road BR- 153, stream ultimately tributary to

rio Tiete, approximately 21°03'S, 49°41'W,

12 Feb. 1988, D. Brandao & party. MZUSP

Fig. 23. Planaltina glandipedis, USNM 362385, c&s, sexually active male, SL 24.3 mm. Anterior portion

of anal fin, left side. Figure shows anal-fin hooks positioned along posterolateral border of anal-fin rays, larger

more posterior hooks bent dorsoanteriorly.
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Fig. 24. Planaltina glandipedis, USNM 362136, histological section through anterior anal fin of mature

male, SL 26.3 mm. Arrow indicates thickened epithelium. Bar =100 [xm.

62762, 3 (immatures to adults, 30.0—33.5

mm SL); DZSJRP 670, 3 (adults, 27.5-30.0

mm SL), Municipio de Mirassolandia, Ma-
caubas, approximately 20°34'S, 49°28'W,

30 Apr. 1988, Marcelo Garcia. MZUSP
27138, 2 (immatures, 18.5 and 20.5 mm
SL). USNM 367195, 1 (27.3 mm SL), Mig-

uelopolis, represa de Volta Grande, rio

Grande, approximately 20°12'S, 48°07'W,

6-7 Nov. 1975, CETESB. MZUSP 62763,

4 (immatures, 21.5-23.3 mm SL), Conchal,

rio Mogi-Gua^u, tributary of rio Tiete, ap-

proximately 22°19'S, 47°07'W, 20 Apr.

1997, Flavio C. T. Lima & party. MZUSP
62764, 2 (immatures, 27.2 and 29.5 mm
SL), Corumbatai, rio Corumbatai, tributary

of rio Piracicaba, tuibutary of rio Tiete, ap-

proximately 22°13'S, 47°38'W, 25 Jan.

1976, Heraldo A. Britski.

Non-type material—MZUSP 62808, 4

(adults, 27.5 and 31.5 mm SL), Ilha Soltei-

ra, rio Parana, approximately 20°23'S,

5ri67'W, Sept. 1965. LIRP 2256, 1 (adult,

32.0 mm SL), Municipio de Olimpia, Cor-

rego das Laranjeiras 20°44' 1 1.3"S,

49°02'50.3"W, 15 July 2001, Ricardo M. C.

Castro & party. LIRP 2257, 2 (immatures,

22.3 and 27.0 mm SL), Municipio de Guap-

ia^u, Corrego do Modesto, 20°43'52.4"S,

49°14'35.5"W, 14 July 2001, Ricardo M. C.

Castro & party.

Definition.—Planaltina britskii and P.

glandipedis sympatric in rio Corumbatai

drainage and both with a scale arrangement

on dorsal border of pouch scale different

from that of P. myersi (key above and com-

pare Figs. 19, 28, 33a, b). These two spe-

cies readily distinguished from each other

by characters provided in key and in defi-

nitions of P. myersi and P. glandipedis.

Description.—Morphometric data pre-

sented in Table 3. Description based on all
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Fig. 25. Planaltina glandipedis, USNM 362135, c&s, sexually active male, SL 24.3 mm, pelvic-fin rays,

left side. Ventral surface showing pelvic-fin hooks.

lots since no significant differences found

among them.

Body compressed and slender; greatest

body depth located slightly anterior of dor-

sal-fin origin at vertical crossing pelvic-fin

origin. Dorsal body profile slightly convex

from tip of snout to dorsal-fin origin, almost

straight from this point to anterior to caudal

peduncle and slightly concave dorsal to

caudal peduncle. Dorsal-fin origin nearer to

caudal-fin base than to snout tip. Ventral

body profile convex from tip of lower jaw

to anal-fin origin, almost straight from this

point to posterior end of anal-fin base and

slightly concave ventral to caudal peduncle.

Snout conical, shorter than orbital diam-

eter. Mouth subterminal, lower jaw includ-

ed in upper when mouth closed. Maxilla

ventrally convex, extending posteriorly to

vertical line crossing anterior border of pu-

pil of eye.

Dorsal-fin rays ii, 8 (with posteriormost

ray unbranched in all but two specimens in

which count appears as ii, 9 but is actually

ii, 8), n — 90. Adipose fin present. Anal-fin

rays iv, 21 (iv or v, usually iv, unbranched

rays, branched rays X = 21.3, range 19-24,

n = 90). Anterior anal-fin lobe weakly de-

veloped and including fourth and/or fifth

unbranched rays and first 6—7 branched

rays. Anterior part of anal fin in sexually

mature males with bilateral hooks on ante-

rior fourth or fifth unbranched and anterior

9-10 branched rays (Fig. 31). Pectoral-fin

rays i, 1 1 (anterior unbranched ray i in all

specimens; branched rays X = 10.4, range

9-11, n = 90). Distal tips of longest pec-

toral-fin rays not reaching pelvic-fin origin

in juveniles, just extending to pelvic-fin or-

igin in immatures and slightly beyond pel-

vic-fin origin in adult specimens; pectoral

fin about same relative length in both sexes

and without hooks. Pelvic-fin rays i, 6 (pos-

teriormost ray unbranched in most speci-

mens, branched in 2 adult males, n = 90).

Sexually mature males with hooks present

on rays of pelvic fin, distributed as in Fig.

32. Number of hooks per ray varying

among males; in mature male (43.0 mm
SL) no hooks present on first branched ray,
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Fig. 26. Planaltina glandipedis drawing of a section of the ventral external surface of pelvic-fin glandular pads

of a sexually active male, USNM 362135, SL 24.3 mm. The fin ray section displays its two halves or lepidotrichs

and the proximal portion of this ray extends to the left and the distal portion extends to the right. A hook, at the

right, is shown extending ventrally from the surface of the ventral lepidotrich. The fold of tissue extending ventrally

from the fin ray constitutes a section of this particular ray's glandular pad. The ventral dashed lines extending to

the right and left of the fold of tissue indicate the continuation of the ventral border of the fold or pad that has

been cut away. The dorsal dashed lines are continuous with the area where the pad of tissue has been cut from

the membrane that extends between the pelvic-fin rays adjacent to the illustrated ray.

25 present on second, 23 on third, 30 on

fourth, and 15 on fifth branched ray of right

pelvic fin. Pelvic fins of adult males longer

than those of females (Fig. 18); distal tips

of longest pelvic-fin rays of males extend-

ing slightly beyond anal-fin origin, but fall-

ing short of anal-fin origin in adult females.

See discussion under ''Sexual dimorphism''

for explanation of Fig. 18 and pelvic-fin

length differences between males and fe-

males. Principal caudal-fin rays 10/9, n =

90.

Scales cycloid with few radii (3-5) along

posterior border, more numerous and con-

spicuous on enlarged scales bordering dor-

sal edge of pouch opening (Fig. 33a).

Lateral line complete, perforated scales

38 {X = 39.9, range 38-42, n = 55). Pre-

dorsal scales 14 (X = 15.2, range 14-16, n

= 73). Scale rows between dorsal-fin origin

and lateral line 5 {n = 75). Scale rows be-

tween anal-fin origin and lateral line 4 {n =

75). Scale rows around caudal peduncle 13

(X = 13.1, range 12-14, n = 54).

Premaxillary teeth in two distinct rows.

Outer row of premaxillary teeth tricuspid,

inner row pentacuspid. Outer row teeth 3

{X — 3.4, range 2-5, n — 90). Inner row
teeth 4 (X = 4.0, range 4-5, n = 90). Max-
illary teeth 2 (X = 1.7, range 1-3, n = 90).

Maxillary teeth tricuspid, first usually larger

than remaining. Dentary with 4 large ante-

rior pentacuspid teeth in all specimens, n —

90 and 6 (X = 6.2, range 4-9, n = 90)

slightly tricuspid to nearly unicuspid teeth

posteriorly. Premaxillary, maxillary and

dentary teeth compressed.

Vertebrae 38 (X = 38.7, range 38-41, n

= 41). Upper limb gill-rakers 6 {X = 5.8,

range 4-7, n = 88); lower limb gill-rakers

12 (X = 11.8, range 11-13, n = 89). Bran-

chiostegal rays 4 in 2 cleared and stained

specimens, 3 rays originating from anterior

ceratohyal and 1 ray from posterior cera-

tohyal.

Color in alcohol.—Males and females

displaying an identical color pattern in pre-

served specimens (Fig. 30). Body light

brown, darker on dorsum and top of head.

Lateral body stripe dark with silvery reflec-

tions, especially along ventral region due to

deposits of guanine. This stripe beginning

anteriorly as thin line at dorsal region of

opercle and widens progressively towards

caudal-fin base, reaching a maximum width

at caudal peduncle, where it narrows and

extends dorsal to enlarged dorsal pouch

scales and onto median caudal-fin rays.

Dark chromatophores present on dorsal

body surface, mostly concentrated along
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Fig. 27. Planaltma glandipedis, USNM 362136; A, histological cross sections of pelvic fins of female SL
27.0 mm and B, glandular pads of the male SL 26.3 mm. Arrows indicate epithelium covering pelvic-fin rays,

b = bone of fin rays; c = expanded connective tissue of male. Bar = 100 |xm.
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Fig. 28. Planaltina glandipedis. A, USNM 362135, c&s, sexually active male, SL 26.9 mm. Caudal skeleton,

lateral view, left side; B, USNM 362135, c&s, sexually active female, SL 24.5 mm. Caudal skeleton, lateral

view, left side.
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Fig. 29. Planahina glandipedis, USNM 362136, histological section of ovary of adult female SL 27.0 mm.
Arrow indicates spermatozoa; O = oocyte cytoplasm. Bar = 20 |xm.
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Fig. 30. Planahina britskii, new species, holotype, adult male above, MZUSP 62757, SL 35.0 mm, and

paratype and adult female, MZUSP 62758, SL 36.5 mm; corrego da Barra Funda, tributary of rio Preto and

tributary of rio Turvo, tributaries to rio Grande, Municipio de Sao Jose do Rio Preto, approximately 20°37'S,

49°23'W, Estado de Sao Paulo, Brazil.
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Table 3.—Morphometries of Planaltina britskii, new species. Standard length is expressed in mm; measure-

ments through head length are percentages of standard length; the last four entries are percentages of head

length. Minimum, maximum, n, X, and SD are based on the holotype, MZUSP 62151 , and the following paratype

lots: MZUSP 62758, DZSJRP 668, MZUSP 62759, DZSJRP 674, MZUSP 26911, USNM 362134, MZUSP
62758, LIRP XXX, MZUSP 62761, DZSJRP 656, MZUSP 62762, DZSJRP 670. USNM 367195, and MZUSP
62763.

Holotype

Males Females

n Range X SD /; Range X SD

Standard length (mm) 35.0 39 22.0-35.0 29.7 50 19.0-36.5 28.3

Body depth at dorsal fin origin 22.9 39 18.6-25.0 22.5 1.8 50 16.9-25.5 22.2 2.5

Snout to dorsal-fin origin 59.1 39 53.8-61.9 57.9 1.8 50 55.3-61.0 58.3 1.5

Snout to pectoral-fin origin 23.7 39 22.3-26.8 24.2 1.0 50 22.4-27.3 24.4 1.0

Snout to pelvic-fin origin 46.6 39 42.9-50.9 45.6 1.8 49 42.8-51.1 46.5 1.8

Snout to anal-fin origin 60.0 39 53.6-63.5 59.1 1.8 50 54.7-65.7 60.2 2.1

Caudal peduncle depth 09.7 39 07.7-10.3 09.2 0.7 50 06.5-10.0 08.8 0.8

Caudal peduncle length 14.3 39 10.0-14.3 12.3 1.1 50 09.7-14.1 12.1 1.1

Pectoral-fin length 21.7 39 18.2-22.9 20.6 1.0 50 18.3-22.5 20.6 1.0

Pelvic-fin length 15.4 39 11.7-16.1 14.5 1.3 50 11.2-14.3 12.8 0.7

Dorsal-fin base length 09.7 39 08.5-11.3 10.0 0.8 50 08.0-11.7 09.9 0.7

Dorsal-fin height 19.1 37 17.6-20.6 19.2 0.7 48 17.5-20.2 18.9 0.6

Anal-fin base length 28.0 39 25.0-31.0 28.0 1.6 50 24.4-31.8 27.5 1.4

Anal-fin lobe length 16.3 38 15.2-18.9 16.9 0.9 50 14.6-19.2 17.1 1.1

Eye to dorsal-fin origin 47.1 39 41.5^9.4 45.2 1.6 50 41.3-48.6 45.6 1.7

Dorsal-fin origin to caudal-fin base 42.3 39 38.6-^4.3 41.1 1.4 50 37.2-45.3 40.5 1.7

Bony head length 23.4 39 21.6-25.7 23.6 0.8 50 21.5-25.0 23.6 0.9

Horizontal eye diameter 36.6 39 34.9^1.8 37.7 1.6 50 34.5^1.8 38.0 1.9

Snout length 26.8 39 21.7-30.5 26.3 2.1 50 22.0-30.8 26.3 1.9

Least interorbital width 34.1 39 27.1-34.7 31.6 1.8 50 23.1-35.4 31.6 2.5

Upper jaw length 42.7 39 36.4^5.5 41.4 2.4 50 34.7-44.8 40.9 2.3

exposed borders of scales. Scattered dark

chromatophores on snout, tip of lower jaw,

and below eye. Inconspicuous patch of dark

chromatophores present dorsal to anterior

half of anal fin, extending ventrally onto

most of anal fin.

Fins hyaline except faint scattered dark

chromatophores present on basal portion of

dorsal fin and upper and lower lobes of cau-

dal fin. Most of iris, as well as circumor-

bital, and opercular bones silvery.

Color in life.—Unknown.
Sexual dimorphism, mode of reproduc-

tion and gonad anatomy.—The typical

hooks on the anal and pelvic fins of males

are represented in Figs. 31 and 32. These

Fig. 31. Planaltina britskii, USNM MZUSP 62758, c&s, sexually active male, SL 35.6 mm. Anal fin, left

side. Figure shows anal-fin hooks positioned along posterolateral border of anal-fin rays, hooks curved dorsoan-

teriorly.
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Fig. 32. Planaltina britskii, MZUSP62758, c&s, sexually active male, SL 35.6 mm. Pelvic-fin rays, left side.

Ventral surface showing elongate narrow pelvic-fin hooks.

are absent on the pelvic and anal fins of

females. Adult males have pelvic fins lon-

ger than adult females (see Fig. 18).

In our population samples males and fe-

males occur in equal length ranges, but

very few adult females show the typical

elongated scales on the dorsal border of the

pouch opening that is present on the caudal

fin of males of comparable lengths. The

elongated scale pattern on the dorsal border

of the pouch opening of adult males (illus-

trated in Fig. 33a) is present even in im-

mature males of 30.0 mm in SL, but mature

females in the size range between about

28.0 and 34.0 mm SL have the scales on

the dorsal border of the pouch opening only

slightly modified (see Fig. 33b). This sug-

gests that the full elongation of scales on

the dorsal border of the pouch opening in

females is attained at comparatively longer

sizes than in males.

A description of the ultrastructure of the

sperm cell is not available. Histological

analysis of mature ovaries revealed the

presence of spermatozoa within the ovarian

cavity (Fig. 34). Upon dissection, the testes

of the only male specimen available for his-

tological analysis (Fig. 35) were relatively

thin, suggesting that it was not fully mature

(holotype, MZUSP 62757, 35.0 mm SL).

However, a distinct posterior sperm storage

region was present in the testis, occupying

13.1% of the total testis area in a mid-sag-

ittal section. This is slightly larger than the

percent area range (4.3-12.7%) for the out-

group glandulocaudine species in the study

of Burns et al. (1995:134, fig. 2). Consid-

ering that this male was not fully mature, a

distinct posterior sperm storage region com-

parable to that found in the other Planaltina

species probably occurs in P. britskii. As
reported for P. myersi by Burns et al.

(1995: table 3) the sperm cells are typical

aquasperm with the cell nuclei spherical to

slightly deformed. There appears to be no

sperm cell modifications as are found in

typical glandulocaudines. A gill gland,

comparable to that seen in P. myersi (Bush-

mann et al. 2002) was present in the holo-

type (Fig. 36).

Data from Garutti (1983) indicate that in

corrego da Barra Funda the main reproduc-

tive period of the species is coincident with

that area's rainy season, September through

March, incidentally also the longest photo

period of the year. The majority of the

males and females, 98.3%, collected during

the dry season, April through August, had

undeveloped testes and ovaries, but 82.2%

of the specimens of both sexes collected
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Fig. 33. Pkmaltina britskii, MZUSP62758, A, c&s, sexually active male, SL 35.1 mm. Caudal skeleton,

lateral view, left side; B, sexually active female, SL 33.8 mm. Caudal skeleton, lateral view, left side.
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Fig. 34. Planaltina britskii, MZUSP 26911, histological section of ovary of an adult female SL 32.0 mm.
Arrow indicates spermatozoa; O = oocyte cytoplasm. Bar = 20 |xm.

Fig. 35. Planaltina britskii, MZUSP 62151 , holotype, SL 35.0 mm, mid-sagittal histology section through

posterior testis showing more anterior spematogenic regions (SG) and posterior sperm storage region (PS). Bar

= 200 |jLm.
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Fig. 36. Planaltina britskii, holotype MZUSP 62757, holotype, SL 35.0 mm, frontal histological section

through anteriormost gills showing gill gland with its epithelial covering (arrowheads) and reduced secondary

lamellae (arrows) within gill gland chambers which number nine. Unmodified gills (u) with secondary lamellae

of usual length also shown. Bar =100 [xm.

during the rainy season were mature, the

males having well-developed testes and the

females well-developed oocytes. Garutti

also found that the males reach larger sizes

than the females.

Ecology.—The population sample from

Corrego do Limoeiro, rio Sao Jose dos

Dourados sub-basin (MZUSP 62760 and

LIRP 2255) was collected in a fourth order

stream running in gallery forest represented

by old cerrado vegetation. The stream width

varied from 2.3-3.2 meters and the water

depth from 0.07-0.08 meters. Rapids and

small pools were found along the stream

and the bottom consisted mostly of sand.

Marginal vegetation was mostly represent-

ed by palm trees (Arecaceae), ferns (Pteri-

dophyta) and lichens. At the time of col-

lecting activities the following data were

taken: air temperature 35.5°C, water tem-

perature 21.5°C, pH = 7.24, dissolved ox-

ygen = 9.6 mg/1, and conductivity = 125.5

S/cm.

Other species taken at this site were: As-

tyanax bimaculatus, Astyanax eigenman-

niorum, Moenkhausia sanctaefilomenae,

Piabina argentea, Characidium sp., Hypos-

tomus ancistroides, Hypostomus sp., Ster-

nopygus macrurus and Poecilia reticulata.

The populations samples from corrego da

Barra Funda, rio Preto sub-basin (MZUSP
62757, 62758, 62759, 26911, DZSJRP 647

and USNM 362134), were all collected near

the mouth where this stream empties into a

larger stream called ribeirao da Barra

Grande at an altitude of about 440 meters.

According to Garutti (1983) the collecting

site included a circular pool approximately

8 meters in diameter with a maximum depth

of 2 meters. The pool lacked marginal veg-

etation. Rapids occurred downstream from

the pool and ran through a gallery forest to
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a pool of the ribeirao da Barra Grande. The
maximum stream width along the rapids

was two meters, the water depth varied

from 0.4-1.5 meters and the marginal veg-

etation was grass.

During the period collections were made,

from March 1980 through February 1982

the near surface water temperature varied

between 19° and 30°C and the pH between

5.0 and 6.0. The water current in the gallery

forest stream varied between 0.244 and

0.600 meters per second.

Other species at this collecting site were:

Serrapinnus piaba, Odontostilbe stenodon,

""Cheirodon' sp., Astyanax bimaculatus,

Astyanax fasciatus, Hemigrammus margin-

atus, Moenkhausia sanctaefilomenae, Pia-

bina argentea, Serrasalmus spilopleura,

Acestrorhynchus lacustris, Oligosarcus pin-

toi, Salminus hilarii, Characidium sp., Ho-

plias malabaricus, Pyrrhulina australis,

Cyphocharax gilberti, Cyphocharax van-

deri, Leporinus friderici, Leporinus octo-

fasciatus, Leporinus striatus, Eigenmannia

sp., Cetopsorhamdia iheringi, Nannorham-
dia schubarti, Pimelodella cf. gracilis,

Rhamdella minuta, Rhamdia hilarii, Aspi-

doras fuscoguttatus, Hypostomus ancistro-

ides, Microlepidogaster francirochai, Poe-

cilia reticulata, Cichlasoma portalegrense,

Crenicichla britiskii, Tilapia sp. and Syn-

branchus marmoratus.

Distribution.—This species is known to

occur in the State of Sao Paulo in tributaries

to rio Grande and rio Tiete, both tributaries

of the upper rio Parana basin.

Etymology.—The specific name, britskii,

is a patronym for Dr. Heraldo A. Britski,

ichthyologist at the Museu de Zoologia da

Universidade de Sao Paulo, in recognition

of his many contributions to the ichthyol-

ogy of Brazil. Dr. Britski collected the first

two known specimens and recognized that

they represented a new species of glandu-

locaudine fish.

Discussion ofgeneric and subfamily phy-

logenetic relationships.—Bohlke (1954:

265) placed Planaltina in the Glandulocau-

dinae and noted a physical similarity be-

tween Planaltina and Bryconamericus.

However, he set aside the question of glan-

dulocaudine relationships to other characid

genera, suggesting that the Glandulocaudi-

nae are probably polyphyletic and that per-

haps its various component taxa had origins

among several tetragonopterine genera.

Bohlke (1958:43) and Gery (1977:35) also

thought it likely that the Glandulocaudinae

are polyphyletic. Weitzman et al. in Weitz-

man & Fink (1985:112-117) discussed the

question of glandulocaudine monophyly
versus polyphyly at some length and con-

cluded that there was not enough informa-

tion to settle the question. Weitzman & Me-
nezes (1998:178-180) hypothesized the

subfamily as monophyletic based on a phy-

logenetic analysis of the seven tribes of the

Glandulocaudinae and used four unequiv-

ocal synapomorphies to unite the members
of all of these tribes. Outgroup information

relative to the Glandulocaudinae and its

tribes, as well as the synapomorphies used

to diagnose the subfamily, were based on

what was then known about the absence or

near absence of the distribution of these

four features in species of the non-glandu-

locaudine genera of the Tetragonopterinae.

Recently discovered information that some

species of the tetragonopterine genus Kno-

dus and all of the species of Attonitus and

the related new genus and species are in-

seminating and that the anatomy of the pri-

mary and secondary sexual systems of

these species display some to several of

these same features used as synapomor-

phies for the Glandulocaudinae by Weitz-

man & Menezes (1998) suggest that the

phylogenetic relationships of the tribes of

the Glandulocaudinae need re-examination.

We review at least some of the implications

of this new information in our discussion

below concerning the phylogenetic position

of Planaltina and the other Diapomini. See

also Weitzman et al. (2004) for a more de-

tailed discussion of Attonitus, Bryconamer-

icus, Knodus and the new genus and species

regarding their possible relationships to the
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Glandulocaudinae and other characids

known to be inseminating.

The four synapomorphies for the Glan-

dulocaudinae, each discussed at length by

Weitzman & Menezes (1998:178), are as

follows: 1) the presence of insemination, 2)

the presence of a sperm storage area in the

testes, 3) the presence of elongate sperm-

cell-nuclei, and 4) the presence of an elon-

gate cytoplasmic collar binding the flagel-

lum to the sperm-cell nucleus in at least

some stage of spermiogenesis (see Burns et

al. 1998). So far as we know these char-

acters remain valid for all species of the

Glandulocaudinae with the exception of

Planaltina, which differs by having essen-

tially spherical sperm-cell nuclei and ap-

parently lacks an elongate cytoplasmic col-

lar binding the flagellum to the sperm-cell

nucleus. However, their status as synapo-

morphies at the levels proposed by Weitz-

man & Menezes (1998) for most if not all

glandulocaudines must now be reconsid-

ered because Weitzman et al. (2004) found

that these features are present in tetragon-

opterine species placed in Attonitus, some
of the species currently placed in Knodus,

the new genus and species and the species

of a few other possibly related genera, for

example Brittanichthys Gery and Monoto-

cheirodon. However, all the species of these

genera appear to lack the caudal-fin pher-

omone organ found in a variety of derived

states, each characteristic for one of the var-

ious tribes of the Glandulocaudinae. It

should be noted at this point that the puta-

tive homology of the caudal-gland cells

among the glandulocaudine tribes remains

to be investigated and therefore the homol-

ogy of the caudal organs in the subfamily

is a not a fully defended hypothesis.

It was recently discovered (Weitzman et

al. 2004), that the species of these apparent

glandulocaudine outgroup genera as well as

at least some species of the Glandulocau-

dinae have pheromone organs and in some
cases simple putative pheromone secretory

cells on raised integumentary pads of the

anal fin and sometimes the pelvic fins of

mature, sexually active males. These fea-

tures, when present, were also described

and discussed above for the species of

Planaltina. Until further research reveals

the distribution of these primary and sec-

ondary sexual structures among the above

discussed genera, and among other insem-

inating characids such as Brittanichthys and

Monotocheirodon, we decline to discuss the

phylogenetic significance of these features

regarding the Glandulocaudinae as a whole.

We suggest that new hypotheses concerning

the phylogenetic relationships of the Glan-

dulocaudinae to apparent outgroup taxa be

held in abeyance until the distribution of the

synapomorphies used by Weitzman & Me-
nezes (1998) to diagnose the Glandulocau-

dinae can be delineated for the inseminating

species currently placed in the non-glan-

dulocaudine genera mentioned here. We
further note that the inseminating characid

genera of the cheirodontine tribe Compsur-

ini, although inseminating, lack three of the

four synapomorphies (numbers 2, 3 and 4

mentioned above) and have the sperm cell

synapomorphies discussed for the Cheiro-

dontinae by Malabarba (1998). Regarding

synapomorphy number 3 of the glandulo-

caudines, their elongate sperm cell nuclei,

it is true that the sperm nuclei of the species

of the Compsurini are somewhat elongate,

but they are never as elongate as in nearly

all the glandulocaudine species and appar-

ently the centrioles are located posterior to

the nucleus rather than anterior to it as in

most of the glandulocaudines. Thus nuclear

elongation appears to occur through for-

ward growth in the cheirodontines rather

than backward growth in the glandulocau-

dines (Burns et al. 1998). However, these

putative characteristics of the ultrastructure

of glandulocaudine and compsurin cheiro-

dontine sperm cells need confirmation in

many species and genera of both groups.

Planaltina was considered by Weitzman

& Menezes (1998:184) to belong in the

glandulocaudine tribe Diapomini because

P. myersi shares with the species of the oth-

er two genera of the tribe, Acrobrycon and
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Diapoma, two unequivocal synapomor-

phies. 1) The male and female caudal or-

gans are nearly equivalent in size. 2) A
multiple series of caudal scales, at least

three or more, occur immediately ventral to

the lateral-line series and extend posteriorly

to form the dorsal border of a pouch open-

ing of the caudal gland.

Planaltina myersi is distinguished from

the species of Acrobrycon and Diapoma by

the possession of separate dorsal and ven-

tral enlarged pouch scales and only three

scales across the dorsal opening of the

pouch (Weitzman & Menezes 1998:184,

figs. 13-16 and Weitzman & Fink 1985:17,

fig. 15). The two diapomin synapomorphies

are shared with the two new species herein

described (compare Figs. 19, 28, 33). How-
ever, the description of caudal-organ fea-

tures separating Planaltina from the species

of Acrobrycon and Diapoma need some
modification based on the inclusion of the

two new Planaltina species. 1) The species

of Planaltina have between two and six

scales forming the dorsal region of the

pouch while the number of scales in the

dorsal region of the pouch in Acrobrycon

and Diapoma exceeds eight or nine. 2) The

number of scales forming the dorsal border

of the pouch is greater in Acrobrycon and

Diapoma than in Planaltina. The species of

Planaltina have one or two scales forming

the dorsal border of the pouch while in the

species of Diapoma the number varies be-

tween three and six. In Acrobrycon this

number varies from four to at least seven.

In Planaltina one of the scales forming the

dorsal border of the pouch is elongate and

forms most of that border while in Acrob-

rycon and Diapoma, even when one of the

dorsal border scales is somewhat elongate

or larger, its actual degree of entry into the

pouch border is little longer than that of the

other dorsal border scales. At this time we
are not prepared to hypothesize with con-

fidence which of the characters listed above

to separate these diapomin genera are ple-

siomorphic or apomorphic relative to these

three genera. In our view, the position and

number of adnate scales on ventral lobe of

the caudal fin of the inseminating or even

non-inseminating species of Knodus (some

of which may form an outgroup for the Dia-

pomini) must be described and recorded be-

fore such hypotheses can be proposed.

However, in view of the apparently more
plesiomorphic nature of the sperm-cell nu-

clei of the species of Planaltina compared

to those of Acrobrycon and Diapoma, as

discussed here, we suggest that the species

of Acrobrycon and Diapoma with a greater

number of caudal scales may be the more
derived and that a greater number of caudal

scales may be a synapomorphy for Acrob-

rycon and Diapoma.

Histological examination and measure-

ment of the sperm cell bodies of the three

species of Planaltina recognized herein

show that their sperm cells are aquasperm,

but with sometimes a slight ellipsoid shape

(see Appendix 1), while in Diapoma spe-

culiferum and presumably the other species

of Diapoma, the cell body is elongate and

has the typical derived ultrastructure of

glandulocaudine sperm cell with a cyto-

plasmic collar surrounding the flagellum as

it parallels the side of the elongate sperm

cell body (Burns et al. 1995:133, table 3,

Burns et al. 1998:237, fig. 2). Although we
have no information on the ultrastructure of

the sperm cell of Acrobrycon, it has a cell

body somewhat more elongate than that of

the species of Diapoma. Thus in this re-

spect, the three species of Planaltina appear

plesiomorphic relative to the species of

Diapoma and Acrobrycon. Although this

information is useful for suggesting a hy-

pothesis of the phylogeny of the genera and

species of the Diapomini, confirmation of

such relationships among all diapomin spe-

cies and their relationships to outgroup in-

seminating species currently in Knodus
must await detailed research on species of

the latter genus in order to obtain a greater

knowledge of the characids that apparently

form an outgroup or outgroups to the glan-

dulocaudine tribes as diagnosed by Weitz-

man & Menezes (1998). See also Weitzman
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et al. (2004) for a more complete discussion

of this problem.

One interesting undescribed species

needs to be mentioned in regard to the

statement just given above. Burns et al.

(1995:133, table 3) recorded spherical

sperm cell nuclei, aquasperm, in Planaltina

myersi, USNM 278989, and in Planaltina

sp. (this latter sample should have been list-

ed as USNM 362836 but was also listed as

USNM 278989 in the table by error). See

Appendix 2 for field data and in Weitzman

et al. (2004) for sexual characteristics. Both

of these taxa have aquasperm and are in-

seminating. At this time we would place the

population sample called Planaltina sp. in

Bums et al. (1995) in Knodus because it has

adnate scales on the lower caudal-fin lobe

and therefore no caudal pouch. However, it

is an inseminating species, and the type

species of Knodus, K. meridae Eigenmann,

although it too has adnate caudal scales and

aquasperm, is apparently not an inseminat-

ing species according to our histological ex-

amination based on the specimens listed in

Appendix 2 of Weitzman et al. (2004). The
inseminating species currently in Knodus

may belong to a series of species of that

form a sister group to the Diapomini. How-
ever, the histological and ultrastructure

characteristics of the primary sexual organs

in those species up to the present referred

to Bryconamericus and Knodus is complex

and mostly unexplored. See Weitzman et al.

(2004) for further discussion of these fishes.

In our opinion the species traditionally re-

ferred to Bryconamericus and Knodus need

a thorough phylogenetic study in order to

better hypothesize possible relationships

among the genera and species of the Dia-

pomini.

Phylogenetic relationships among the

three species of Planaltina.—The phyloge-

netic relationships among the species of

Planaltina cannot be solved without better

outgroup information than is currently

available. There are over a dozen characters

that provide information for distinguishing

species; see especially the distinguishing

characters under the title ''Definition' for

each of the three species above and Figs.

3—13, 19, 28, 33. However, reliable out-

group information for many of these char-

acters is unavailable and some of the char-

acters that might be hypothesized to be de-

rived compared to those found in characids

usually considered members of the Tetra-

gonopterinae support contradictory hypoth-

eses of phylogenetic relationships within

the species of Planaltina. For example, P.

myersi and P. glandipedis share the number
of scale rows between the dorsal-fin origin

and the lateral line, the number of scale

rows between the anal-fin origin and the lat-

eral line, the least number of scale rows

around the caudal peduncle, and the number
of vertebrae. We cannot at this time polarize

any of these characters without appropriate

outgroup information. Species in Acrobry-

con and Diapoma, some undescribed in

both genera, are not well known enough to

be a source of outgroup information and

some of the undescribed inseminating spe-

cies currently referred to Knodus may in

fact be the closest outgroup of the species

of Planaltina. The species of Acrobrycon

and Diapoma may be more derived dia-

pomins than the species of Planaltina based

on their more elongate sperm nuclei (in

those so far investigated). Alternatively, if

the less elongate and more numerous caudal

organ scales of the species of Acrobrycon

and Diapoma are considered plesiomorphic

for the Diapomini and more like the caudal

squamation in some of the inseminating

species of Knodus, then we arrive at a dif-

ferent hypothesis. Parsimony ultimately

must be used to settle these problems, but

the available data is still insufficient for that

purpose.

There is some evidence that P. glandi-

pedis is a paedomorphic relative to P. myer-

si and P. britskii. It is smaller in size, has

no adipose fin, and has fewer cusps on its

jaw teeth than the other two species, all re-

ductions common in relatively small char-

aciform fishes (see Weitzman & Vari 1988,

and Buckup 1993). On the other hand P.
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glandipedis has a slightly greater number of

scale rows around the caudal peduncle and

more predorsal scales. In our view an anal-

ysis of the phylogenetic relationships

among the species of Planaltina must await

detailed descriptions of the characters of all

diapomins so far described and yet to be

described as well as a complete study of the

inseminating species that are currently as-

signed to Knodus.
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Appendix 1

Sperm-cell dimensions for three species of Planal-

tina.—The following measurements were taken of

sperm nuclei that exhibited a slightly non-spherical

shape. These cells were clearly in the minority, but

may give a more accurate assessment of the nuclear

shape. Most views of the sperm nuclei were spherical.

The cells measured varied from slightly ovoid, to pear

shaped, to indented, to slightly elongate. The differ-

ences in measurements among the three species may
be real or, alternatively, be due to variable shrinkage

of cells having been treated differently in the past. For

example separate collections may have been fixed in

different concentrations of formalin. They may also

have been slowly transferred to 70% ethyl alcohol by

intermediate stages causing little or no shrinkage or,

on the other hand, transferred from formalin fixative

directly to 70% ethyl alcohol preservative, causing cell

shrinkage.

Measurements were taken directly under oil immer-

sion (lOOx lens) using an ocular micrometer or from

photographic enlargements of negatives taken with a

photomicroscope using an oil immersion (lOOX) lens.

For each species, 20 cells were measured. Means ±
standard deviations (/? — 1 weighting) are given.
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1. Planaltina myersi:

USNM 278989: Male 37.4 mm SL, female 35.0.

mm SL.

n = 20:

Male SZ nuclear length: 1.73 ± 0.12 ixm

Female SZ nuclear width: 1.16 ± 0.11 [xm

2. Planaltina glandipedis:

USNM 362136: Paratype, male 26.3 mm SL, para-

type, female 27.0. mm SL.

n = 20:

Male SZ nuclear length: 1.97 ± 0.14 ixm

Female SZ nuclear width: 1.51 ± 0.12 ixm

Planaltina britskii:

MZUSP 62757: Holotype, male 35.0 mm SL,

MZUSP 62757: paratype, female 36.5 mm SL.

n = 20:

Male SZ nuclear length: 1.89 ± 0.11 |xm

Female SZ nuclear width: 1.48 ±0.11 |xm
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On a new species of tree-climbing crab of the genus Labuanium
(Crustacea: Decapoda: Brachyura: Sesarmidae) from Taiwan
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Abstract.—Specimens of a tree-climbing sesarmid crab from Taiwan previ-

ously referred to Labuanium rotundatum (Hess, 1865) are here shown to belong

to a new species, L. scandens. The new species differs from L. rotundatum s.

s. in having a less prominently granulated carapace, the outer surface of the

chela covered with numerous small and closely arranged granules, and a dif-

ferently structured male first pleopod.

The genus Labuanium Serene & Soh,

1970, currently contains 10 species from

the Indo-West Pacific (Serene & Soh 1970).

Of these, one of the more often reported

species is L. rotundatum (Hess, 1865), a

taxon that has been reported from many
parts of the Indo-West Pacific, although ap-

parently, it is not a very abundant species,

and not many specimens are known. Tesch

(1917:193-198), in a detailed discussion on

the taxonomy of this species provided a

long list of junior synonyms for this spe-

cies, viz. Sesarma dentifrons A. Milne-Ed-

wards, 1869, Sesarma oceanica De Man,

1889, Sesarma gardineri Borradaile, 1900,

Sesarma (Episesarma) rotundata papuom-
alesiaca Nobili, 1899, and Sarmatium fax-

oni Rathbun, 1906.

Labuanium rotundatum was first reported

from East Asia by Sakai (1939) on the basis

of a male specimen collected from Tansui

in northern Taiwan, and although cited by

subsequent authors (Sakai 1940, 1976; Dai

et al. 1986, Dai & Yang 1991, Cai et al.

1994), no further material was forthcoming

until Liu (1999) recorded this species from

southern Taiwan. Ng et al. (2001) subse-

quently added some notes on this species

from Taiwan. In 1999, through the courtesy

of Lu Eldredge of the Bernice P. Bishop

Museum, the first author examined some

specimens of L. rotundatum from some Pa-

cific islands that appeared to differ in sev-

eral respects from the Taiwanese material.

But because there was a lack of material

from Taiwan and other parts of the Pacific,

not much else could be done. Between 2000

and 2001, we obtained an excellent series

of specimens from Guam and Taiwan, and

the study of this material confirmed our sus-

picion of the existence of two separate spe-

cies, one of which is undescribed. The de-

scription of the new species forms the basis

of the present paper.

Material examined is deposited in the

Bernice P. Bishop Museum, Honolulu, Ha-

waii, U.S.A. (BPBM); National Museum of

Natural History, Smithsonian Institution,

Washington D.C. (USNM); Taiwan Nation-

al Museum, Taipei, Taiwan (TMCD); Insti-

tute of Zoology, Academia Sinica, Nan-

kang, Taipei, Taiwan (ASIZ); National Mu-
seum of Marine Biology and Aquarium,

Pingtung, Taiwan (NMMBA); and Zoolog-

ical Reference Collection of the Raffles

Museum, National University of Singapore

(ZRC). The abbreviations Gl and G2 are

used for the male first and second pleopods

respectively. The measurements are cited

as: cw (carapace width) X cl (carapace
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length). The terminology essentially fol-

lows that used by Ng (1988). The length of

the ambulatory legs were obtained by add-

ing the maximum lengths of the merus, car-

pus, propodus and dactylus.

Labuanium scandens, new species

Figs. 1-4

Sesarma (Sesarma) rotundatum.—Sakai

1939:687, pi. 110 fig. 4, 1940:32. (Not

Sesarma rotundatum Hess, 1865.)

Labuanium, rotundatum.—Sakai 1976:663,

text fig. 362, Dai et al. 1986:486, Dai &
Yang 1991:532, Cai et al. 1994:597, Liu

1999:88, Ng et al. 2001:42. (Not Sesarma

rotundatum Hess, 1865.)

Material examined.—All localities in

Taiwan. Holotype male, 42.3 X 41.2 mm,
TMCD 3290, Hsiang-Chiao-Wan, Hengch-

un, Pingtung County, coll. H.-C. Liu, 24

Jan 2002. Paratypes: 3 males, 38.5 X 37.5

mm, 31.8 X 30.3 mm, 14.6 X 14.4 mm, 1

female, 23.2 X 21.8 mm, ZRC 2002.444,

Hsiang-Chiao-Wan, Hengchun, Pingtung

County, coll. H.-C. Liu, 24 Jan 2002; 1

male, 16.3 X 15.8 mm, 1 female, 38.4 X
37.2 mm, TMCD 3291, Hsiang-Chiao-Wan,

Hengchun, Pingtung County, coll. H.-C.

Liu, 15 Dec 1999; 1 female, 27.1 X 27.0

mm, NMMBA 2002-01, Hsiang-Chiao-

Wan, Hengchun, Pingtung County, coll. R-

H. Ho, 3 Oct 2001; 1 male, 36.1 X 35.8

mm, 2 females, 36.8 X 36.3 mm, 32.3 X
31.6 mm, IZAS 72860, Hsiang-Chiao-Wan,

Hengchun, Pingtung County, coll. H.-C.

Liu, 22 Dec 2001; 2 males, 35.5 X 34.2

mm, 19.1 X 18.7 mm, 3 females, 28.1 X
26.8 mm, 28.1 X 27.1 mm, 21.5 X 20.3

mm, ZRC 2001.29, Hsiang-Chiao-Wan,

Hengchun, Pingtung County, coll. P. K. L.

Ng, 7 Nov 2000; 1 female, 40.2 X 39.7

mm, ZRC 1998.447, Hsiang-Chiao-Wan,

Hengchun, Pingtung County, coll. H.-C.

Liu, 20 May 1998.

Diagnosis.—Carapace slightly wider

than long, dorsal surfaces finely granular;

posterolateral regions with finely granular

oblique striae; outer surface of chela with

numerous small, uniformly arranged round-

ed granules, dorsal margin with a distinct

granulated but non-pectinated ridge on out-

er edge with 26-32 relatively longitudinally

elongate granules, dorsal surface of dacty-

lus with numerous granules; outer surface

of ambulatory meri rugose, dorsal margin

gently serrated; lateral margins of male seg-

ment 6 with distal part convex, proximal

part almost straight; Gl relatively stout, al-

most straight; distal part bent 90° from ver-

tical, distal chitinous part gently upcurved.

Description of male holotype.—Carapace

rounded, slightly wider than long, broadest

at median part of carapace, dorsal surfaces

finely granular, regions well defined, gastric

and branchial regions swollen; posterolat-

eral regions with finely granular oblique

striae (Fig. lA, B). Frontal margin deflexed,

sinuous from dorsal view, vaguely divided

into 2 low lobes by broad U-shaped cleft,

margin relatively entire; postfrontal cristae

distinct, sharp, separated into 4 parts, me-

dian parts larger, wider, sharper, positioned

more anteriorly than lateral parts, separated

from lateral parts by short fissure, lateral

parts adjacent to low inner supraorbital an-

gle; frontal region prominently concave

(Fig. lA, B). Supraorbital margin smooth,

with small cleft before external orbital tooth

(Fig. IB, C). Anterolateral margin strongly

convex, gently curving into posterolateral

margin, junction not discernible; external

orbital tooth well developed, triangular, out-

er margin convex, directed anteriorly, outer

margin distinctly convex, separated from

rest of anterolateral margin by deep V-

shaped cleft, rest of margin with 2 relatively

low teeth; posterolateral margin gently con-

vex, converging to almost straight posterior

carapace margin (Fig. lA, B).

Merus of third maxilliped longitudinally

ovate, anterior part widest, posterior part ta-

pering sharply to ischium (Fig. IC), dis-

tinctly longer than ischium; ischium with

shallow median sulcus; exopod slender,

reaching to mid-length of merus, flagellum

long, reaching across width of merus.

Male chelipeds subequal (Fig. lA, B);
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Fig. 1. Labuanium scandens, new species. Holotype male, 42.5 X 40.5 mm, TMCD 3290, Taiwan. A, overall

view; B, carapace and chelipeds; C, frontal view.
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Fig. 2. Labuanium scandens, new species. Holotype male, 42.5 X 40.5 mm, TMCD 3290, Taiwan. A,

anterior thoracic sternum and abdomen, ventral view; B, propodi and dactyli of first two ambulatory legs.

outer surface with numerous small, uni-

formly arranged rounded granules (Fig.

3A). Ventral surface of ischium with 2 short

rows of tubercles, distal ones more promi-

nent; ventral surface of basis granulated.

Outer surface of merus with numerous

rounded granules on outer surface, with low

but discernible longitudinal median granu-

lated ridge; inner margins prominently ser-

rated, dorso-distal part dilated to form sub-

lamelliform structure that is just visible

from dorsal view. Outer surface of carpus

finely granulated; slightly longer than

broad; inner distal angle with long sharp

tooth, distal and proximal margins serrated

with some spines larger (Fig. IB). Palm in-

flated, outer, dorsal and inner surfaces with

numerous small, uniformly arranged round-
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Fig. 3. Labuajiium scandens, new species. Holotype male, 42.5 X 40.5 mm. TMCD 3290. Taiwan. Left

chela. A, outer view; B, dorsal view; C, inner view.
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ed granules (Fig. 3A); dorsal margin with a

main, always distinct granulated but non-

pectinated ridge on outer edge with 27 or

29 relatively more longitudinally elongate

closely arranged granules, joining another

less well defined (sometimes barely dis-

cernible) granulated ridge which extends

from proximal edge of palm and curving

along inward surface and gradually disap-

pearing as it reaches median part (Fig. 3B,

C); ventral margin (including pollex) with

small sharp granules. Fingers shorter than

palm, forming basal proximal gape when
closed (Fig. 3A); dorsal surface of dactylus

with numerous granules, most of which

have a corneous tip, proximal 8-11 gran-

ules relatively smaller, scattered, subse-

quent 8 or 9 granules relatively larger, ar-

ranged in uneven row (Fig. 3B, C); cutting

edges of dactylus and pollex with numerous

prominent teeth (Fig. 3A).

Third ambulatory legs longest (Fig. lA).

Carpus of all legs with 2 subparallel low

ridges on outer surface (Fig. lA). Outer sur-

face of propodus with short curved low

ridge on proximal part. Meri of all legs rel-

atively slender; surfaces rugose, dorsal mar-

gin gently serrated, subdistal tooth promi-

nent (Fig. lA). Dorsal and ventral margins

of all dactyli with densely packed short se-

tae forming brush-like structures; promi-

nent brush-like setae present on distal half

of ventral margins of first and second pro-

podus, that on second propodus relatively

less extensive; distoventral margins of pro-

podi of other legs with tufts of short black

setae, but not as dense or continuous, not

distinctly brush-like (Fig. 2B).

Surfaces of thoracic sternites gently ru-

gose; sternites 3 and 4 separated by almost

straight, setae-lined ridge; abdominal cavity

reaching to median part of sternite 4 (Fig.

2A). Abdomen triangular (Fig. 2A); telson

shorter than segment 6, lateral margins

gently convex on distal part but almost

straight proximally, tip rounded; segment 6

with distal part of lateral margins convex,

proximal part almost straight; segments 3-

5 increasingly trapezoidal; lateral margins

of segment 5 gently convex, that of seg-

ment 4 gently concave, that of segment 3

gently convex (Fig. 2A). Segments 1 and 2

transversely narrow.

Gl relatively stout, almost straight; distal

surface strongly setose, obscuring margins,

distal part sharply bent 90° from vertical,

distal chitinous part gently upcurved from

lateral view (Fig. 4). G2 short.

Etymology.—The name is derived from

the Latin "scansus" for climb, alluding to

the habits of this species. The name is used

as a noun in apposition.

Distribution.—Known for certain only

from Taiwan thus far.

Variation.—The holotype is the largest

specimen of L. scandens available, and oth-

er than having its left branchial region

slightly depressed (probably because of in-

jury shortly after it molted), it is in excel-

lent condition. Differences between sexes

in this species are not substantial, most ob-

vious being the proportionately more slen-

der chela of females. The general forms of

the male and female chelae are similar.

Smaller specimens of L. scandens tend to

be more squarish, with the lateral carapace

margins almost straight or only gently con-

vex; and the dorsal surface is relatively flat-

ter. In larger specimens, the lateral carapace

margins become prominently more convex

and the dorsal surface is relatively more

swollen. This is also true of L. rotundatum.

In the series of specimens of L. rotundatum

examined, the frontal margin of females

may be more denticulate, appearing weakly

serrated, although this is not always the

case, with even a few of the smaller males

also having a denticulate margin. The fron-

tal margin of L. scandens is usually entire,

although in some specimens, appears un-

even; with only three or four individuals

having distinct denticles. Based on the

specimens of L. rotundatum examined, the

presence of denticles along the frontal mar-

gin does not appear to be correlated with

sex or size.

The strength of the anterolateral teeth of

L. scandens varies. In smaller specimens,
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A

Fig. 4. Labuanium scandens, new species. Left Gls (denuded). A-E, holotype male, 42.5 X 40.5 mm. TMCD
3290, Taiwan; F-I, paratype male, 35.5 X 34.2 mm, ZRC 2001.29, Taiwan. A, E dorsal (sternal) views; B,

marginal view; C, G, ventral (abdominal) views; D, H, distal part, dorsal (sternal) views; E, I, distal part, ventral

(abdominal) views. Scales equal 1.0 mm (A-C. E G), and 5.0 mm (D, E, H. I).
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the two teeth are usually more pronounced

and sharper, and in larger specimens, the

second tooth is invariably low, sometimes

barely discernible. The cleft on the supra-

orbital margin is usually absent, with the

margin appearing entire being present only

on the holotype and a few other specimens.

The strength of the inner dorsal granulated

ridge of the palm varies a great deal, and

in some specimens it is almost absent. The

outer ridge on the other hand, is always dis-

tinct, although the number of granules

varies from 26 to 32. The density and extent

of the brush-like setae on the ambulatory

propodi and dactyli does not differ substan-

tially between the sexes, but smaller spec-

imens invariably have less setae, with the

ventral margins of the propodus being often

almost glabrous. These observations are

also valid for L. rotundatum.

Remarks.—It is rather surprising that

none of the five junior synonyms of L. ro-

tundatum are conspecific with the present

material from Taiwan. Still, those taxa had

all been described, often from limited ma-

terial, from various parts of the south and

southwest Pacific, and Hawaii, with one re-

cord from Nias in the eastern Indian Ocean,

viz. Sesarma dentifrons A. Milne-Edwards,

1869 (one female, type locality Samoa), Se-

sarma oceanica De Man, 1889 (one male,

one female, type locality Ponape Island),

Sesarma (Episesarma) rotundata papuom-
alesiaca Nobili, 1899 (two males, one fe-

male, type localities Nias Islands [western

Sumatra, Indonesia], New Guinea), Sesar-

ma gardineri Borradaile, 1900 (six males,

four females, type locality Funafuti, Rotu-

ma Islands), and Sarmatium faxoni Rath-

bun, 1906 (three males, four females, Mar-

shall Islands and type locality Oahu [Ha-

waii]). Sesarma rotundatum Hess, 1865, s.

str. was described from one male, ostensibly

from Sydney, Australia, but this data is

likely to be incorrect (see "Remarks" for

L. rotundatum). De Man (1891, 1896) and

Tesch (1917) provide compelling argu-

ments to show that S. dentifrons, S. ocean-

icum, S. gardineri, S. rotundata papuoma-

lesiaca and S. faxoni are all junior syno-

nyms of L. rotundatum.

Although we have not examined the type

material for most of these species, fortu-

nately, Hess (1865), A. Milne-Edwards

(1869), De Man (1889), NobiU (1899), Bor-

radaile (1900), Rathbun (1906) all provided

good figures and/or sufficiently detailed de-

scriptions for their species (supplemented

by the detailed comments by Man 1891,

1896; Tesch 1917), and we are confident

their taxa are conspecific with the excellent

series of specimens of L. rotundatum we
have from Guam and elsewhere. All these

specimens are characterized by their cara-

paces being prominently striated on the lat-

eral surfaces, the median surface is strongly

granulated, the regions are not well indi-

cated and the gastric and branchial regions

are not prominently swollen (Fig. 5), the

outer and inner surfaces of the chelipedal

carpus and chela having relatively few but

larger and well spaced large conical or

rounded granules, with the areas between

them smooth (Fig. 7); the dorsal margin of

the male chela possessing a outer ridge

which has 10 to 14 relatively large granules

(Fig. 7B); and the lateral margins of adult

male abdominal segment 6 gradually di-

verging posteriorly (Fig. 6A). The carapac-

es of males tend to have smoother frontal

margins (often more denticulate in females,

see "Variations") and there is a clear ten-

dency for the carapace to become propor-

tionately wider with size, especially in

males.

Comparisons of the excellent series of

specimens from Guam and Taiwan reveal

numerous differences that confirm that we
are dealing with two different species.

Compared to L. rotundatum, L. scandens

has the carapace granules and striae dis-

tinctly smaller and lower (but more numer-

ous), with the regions more prominent, the

gastric and branchial regions distinctly

swollen and the groove separating them

broader and deeper (Fig. 1); the outer and

inner surfaces of the chela has smaller but

far more granules, the entire surface ap-



VOLUME 116, NUMBER 3 609

Fig. 5. Labuanium rotundatum (Hess, 1865). Male, 42.9 X 39.7 mm, ZRC 2002.454a, Faifai Beach, Guam.
A, overall view; B, carapace and chelipeds; C, frontal view.
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Fig. 6. Labuanium rotundatum (Hess, 1865). Male, 42.9 X 39.7 mm, ZRC 2002.454a, Faifai Beach, Guam.
A, anterior thoracic sternum and abdomen, ventral view; B, propodi and dactyli of first two ambulatory legs.

pearing granular (Fig. 3); the dorsal margin

of the male chela has an outer ridge with

more (26-32) relatively smaller granules

(Fig. 3B); and the lateral margins of adult

male abdominal segment 6 are subparallel

(Fig. 2A). These differences are apparent

even for smaller male specimens for both

species. The Gls of the two species also

differ, with that of L. scandens being rela-

tively more slender with the chitinous distal

part relatively longer and bent at an angle

of 90° (vs. relatively shorter and bent slight-

ly upwards) (Fig. 4 vs. Fig. 8A-D, H, I).

The Gl structure is slightly variable within
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Fig. 7. Labuanium rotundatum (Hess, 1865). Male, 42.9 X 39.7 mm, ZRC 2002.454a, Faifai Beach, Guam.
Left chela. A, outer view; B, dorsal view; C, inner view.
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Fig. 8. Labuanium rotundatum (Hess, 1865). Left Gls (denuded). A-D, male, 42.9 X 39.7 mm, ZRC
2002.454a, Faifai Beach, Guam; E-G, male, 28.0 X 29.1 mm, BPBM 4191, Swain's Island; H, I, male, 27.9 X

17.0 mm, ZRC, Haputo Beach, Guam. A, E, F, H, dorsal (sternal) views; B, G, I, ventral (abdominal) views; C,

distal part, dorsal (sternal) view; D, distal part, ventral (abdominal) view. Scales equal 1.0 mm (A, B, E-I), and

0.5 mm (C, D).
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each species, but when specimens of equiv-

alent or similar sizes are compared, the dif-

ferences are marked.

The specimens of L. rotundatum from

Swain Island in Samoa (BPBM 4191) are

rather problematic in that their carapace is

somewhat less granular compared to those

from Guam (but still more so than in L.

scandens), and their Gls appear to be more

slender (Fig. 8E-G). In fact, the overall

form of the G 1 of these specimens is more

similar to that of L. scandens, although the

distal chitinous part is gently bent upwards

like in L. rotundatum rather than at 90°.

Also notable is that the carapaces of both

males from Samoa are longer than broad.

No other specimens of L. rotundatum ex-

amined so far from elsewhere have such

proportions, their carapaces always being

broader than long. The form of their chelae,

however, is typical for L. rotundatum. Nev-

ertheless, in lieu of more specimens, it

seems best to refer these specimens to L.

rotundatum for the time being. However, it

is quite possible that there is more than one

species belonging to what is here identified

as L. rotundatum, and some of the syno-

nyms may be shown to be valid in the fu-

ture. But the Gls of more specimens from

throughout the Pacific must be examined

before more can be said. In any case, there

is no doubt that the Taiwan specimens are

very different from L. rotundatum and all

the other taxa now synonymized with it.

Labuanium scandens is known only from

southern Taiwan thus far. Although Sakai

(1939) recorded L. rotundatum from Tansui

in northern Taiwan, we have not yet found

it there. The coastal areas of northern Tai-

wan have been heavily developed in recent

years and pristine habitats are no longer ex-

tant there. Sakai's (1939: pi. 110 fig. 4,

1976: text fig. 362) figure of L. rotundatum

leave little doubt that his specimen is con-

specific with L. scandens.

Color.—The color of L. scandens varies

somewhat with age. Smaller specimens are

usually darker brown and mottled with light

brown to white blotches and dark specks.

Larger specimens are usually of a more uni-

form darker brown. The chela of larger

males and females are mainly dirty white,

with the dactylus purplish. In sharp con-

trast, adult L. rotundatum are usually a

more uniform grey to dark greyish-brown,

although smaller ones have a blotchy car-

apace. In general, the color of L. rotunda-

tum is darker than L. scandens. The chelae

of L. rotundatum are also uniformly white

to dirty-white.

Notes on habits.—Labuanium scandens

is a phytotelmic tree-climbing species. Its

presence is closely associated with the pres-

ence of closed forest canopy and the avail-

ability of water-filled tree-holes. Tree spe-

cies where the crabs have been recorded

from are Hemandia sonora, Barringtonia

asiatica and Aglaia elliptifolia. The tree

cavities in which L. scandens live can

sometimes be deep, occasionally over 50

cm. The tree holes collect rain-water, and

the pools vary in depth from several cen-

timeters to over 40 cm, depending on the

season. The phytotelm water ranges from

clear to dark-brown and turbid with a lot of

sediment. The tree holes in which the crabs

are found are always sheltered from direct

sunlight. Labuanium scandens not only

uses these holes as refuges, but also molts

there, under the water. In the several cases

when L. scandens was observed molting in

the wild, the exuviae were not eaten soon

after, disappearing only after a few days,

although it is not certain if the crab itself is

responsible. In three cases, the crab molted

in captivity, and the exuviae were con-

sumed by the crab shortly after it had hard-

ened. Labuanium scandens has been found

to inhabit holes between 0.5 to 4 m from

the ground, but have been observed climb-

ing over 5 m high in trees. It is primarily

nocturnal, hiding in tree-holes during the

day. Of the over 52 specimens of L. scan-

dens observed (not all collected), the only

time they were found on the ground is when
they are ovigerous and are making their

way to the sea. Ovigerous females can be

found from July to October. The eggs are
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small and hatch out into pelagic, free-swim-

ming larvae. The release of larvae seems

correlated with the lunar cycle, with fe-

males making their way to the sea during

the full moon period.

Not much is known about their diet.

Specimens have been observed to scrape al-

gae or lichens off the tree bark, as well as

feed on dried leaves and flowers. The che-

lae of L. scandens are not particularly

adapted to scrape algae off trees like in

many other known tree climbing sesarmid

crabs (Sivasothi et al. 1993, Lim et al.

1999), suggesting that this species has a

more varied diet, probably including animal

matter.

Labuanium rotundatum (Hess, 1865)

Figs. 5-8

Sesarma rotundata Hess, 1865:149, pi. 6

fig. 9 (type locality ostensibly Sydney,

Australia, but see "Remarks").

Sesarma dentifrons A. Milne-Edwards,

1869:31 (type locality Samoa).

Sesarma oceanica De Man, 1889:429, pi.

10 fig. 9 (type locality Ponape Island).

Sesarma (Episesarma) rotundata var. pap-

uo-malesiaca Nobili, 1899:268 (type lo-

calities Nias Islands [western Sumatra,

Indonesia], New Guinea).

Sesarma gardineri Borradaile, 1900:593,

pi. 42 fig. 8 (type locality Funafuti, Ro-

tuma Islands).

Sarmatium faxoni Rathbun, 1906:841, pi. 7

fig. 1 (type locality Oahu, Hawaii).

Labuanium rotundatum—Serene & Soh
1970:401; Davie, 2002:221.

(For complete synonymy, see Tesch 1917:

193)

Material examined.—7 males, 16.4 X

15.9 mm, 31.6 X 30.8 mm, 34.4 X 32.1

mm, 36.8 X 35.6 mm, 39.3 X 39.2 mm,
42.9 X 39.7 mm, 43.7 X 41.2 mm, 3 fe-

males, 15.1 X 14.8 mm, 28.1 X 27.3 mm,
42.5 X 39.7 mm, ZRC 2002.454, in forest,

Faifai Beach, near Gun Beach, Tumon Bay,

Guam, coll. H.-C. Liu & R K. L. Ng, 28

Jul-01 Aug 2001; 2 males, 22.2 X 21.1

mm, 22.5 X 21.2 mm, ZRC 2002.457, Ri-

tidian Point, northern Guam, coll. H.-C. Liu

& P K. L. Ng, 31 Aug 2001; 2 males, 27.9

X 17.0 mm, 19.1 X 18.6 mm, 1 female,

11.9 X 11.6 mm, ZRC 2002.456, Haputo

Beach forest, Guam, coll. P. K. L. Ng, 3

Aug 2001; 1 ex-ovigerous female, 31.6 X
30.4 mm, ZRC 2002.455, with first zoeae,

hatched 4 Aug 2001, Haputo Beach forest,

Guam, coll. P K. L. Ng, 3 Aug 2001; 1

male, post-molt, carapace soft, deformed,

ca. 37.9 X 35.7 mm, BPBM 4354, Puka-

Puka Island, northern group of Cook Is-

lands, coll. R. D. Frisbe, 1936; 1 male, 28.0

'*X 29.1 mm, 1 female, 35.2 X 34.5 mm,
BPBM 4191, 1 male, 24.0 X 24.5 mm,
ZRC 2002.453, Swain's Island, American

Samoa, coll. Itasca Expedition, Mar 1936;

1 male, 23.5 X 23.8 mm, 1 female, 36.5 X
35.6 mm, BPBM S10701, Arno Atoll, Mar-

shall Islands, no other data. 1 female, 37.0

X 34.4 mm, USNM 22837, holotype of

Sarmatium faxoni Rathbun, 1906, Oahu,

Hawaii.

Distribution.—Nias Islands (western Su-

matra, Indonesia), Java, Samoa, Ponape Is-

land, Nias Islands (western Sumatra, Indo-

nesia), New Guinea, Guam, Puka-Puka Is-

land (Cook Islands), Funafuti (Rotuma Is-

lands), Marshall Islands, Oahu (Hawaii).

Remarks.—In describing Sesarma rotun-

data, Hess (1865) noted that he only had

one specimen measuring 45 by 45 mm from

"Sydney". The specimen was supposed to

be deposited in the Zoological Museum of

Gottingen (Germany). The specimens of

Hess have since been transferred to the

Senckenberg Museum (Frankfurt am Main).

Andreas Allspach, who compiled a list of

the extant Hess material for Peter Davie,

could not locate the type of Sesarma rotun-

data, and the specimen is almost certainly

no longer extant (P. Davie, pers. comm.). In

addition, Davie (2002:221) comments that

"The type locality of 'Sydney' [for Sesar-

ma rotundata} is certainly erroneous; exten-

sive field collecting across northern Austra-

lia has so far failed to rediscover the exis-
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tence of L. rotundatum; it is most likely that

it was collected from the islands of the

south-west Pacific and sent to Hess via Syd-

ney". The selection of a neotype for Sesar-

ma rotundata Hess, 1865, would be nec-

essary if it is later shown that what is now
called L. rotundatum is composed of more

than one cryptic species. But this should

only be done when all the types of the pu-

tative synonyms are also re-examined. As
things are now, L. scandens is so different

from L. rotundatum as it is now understood

that there is no need for a neotype for the

latter species.

Other aspects of the taxonomy of L. ro-

tundatum have been discussed earlier under

the "Remarks" for L. scandens.

Color.—The carapace of adult L. rotun-

datum is usually uniform grey to dark grey-

ish-brown, with smaller specimens having

more light and dark colored blotches. The
chelae are always uniform white to dirty-

white, without any bright colors.

Notes on habits.—It is also useful to

make some notes about the ecology of L.

rotundatum in Guam. In general, the habits

of L. rotundatum parallel those of L. scan-

dens. On Guam, we have found them on

coconut trees some 20-30 m from the sea,

as well as on large Pandanus. Specimens

were observed at heights of up to 4 m from

the ground. Smaller specimens have also

been found on near-vertical rocks at the

base of large trees. They are more active

during rain. Specimens were mostly ob-

served moving about only at night.
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Abstract.—The seven species of Narella known from the North Atlantic are

described and illustrated, often with the aid of stereo SEM photomicrographs

in order to show the shape and relationships of the body wall sclerites. Two
species are described as new: A^. alvinae and A^. spectabilis, the former the

deepest known representative of this genus. Two keys, tabular and dichoto-

mous, are provided for the seven species. The types of all but one of the species

were examined; only photographs of the syntype were studied of A^. bellissima.

New material is reported for all but one species, based primarily on collections

housed at the USNM and MCZ.

Like many primnoid genera, species of

the genus Narella have very conspicuous

polyps composed of a discrete number of

large sclerites (scales), which are often del-

icately sculptured and arranged in a definite

pattern and number. In most species there

are only 16-18 sclerites in each polyp (ex-

clusive of tentacular sclerites), which are al-

ways arranged in pairs. Even the eight oper-

cular scales are paired across the sagittal

axis. Species of Narella live exclusively in

deep water (146-3419 m) and are found

worldwide, including off Antarctica. One of

the Atlantic species, N. alvinae, is the deep-

est known for this genus and the second

deepest collected primnoid. Twenty-seven

species of Narella are known: seven occur-

ring in the Atlantic, 14 from the western

Pacific, three from the Hawaiian Islands,

one from the southwest Indian Ocean, one

from the Galapagos, and one from off Ant-

arctica.

Material and Methods

Most of the new specimens reported in

the paper were collected by vessels oper-

ated by the University of Miami {Columbus

Iselin, Pillsbury, Gerda) and later deposited

to the USNM. Other specimens were ob-

tained from the MCZ {Atlantis) and ROM
{Alvin).

Designation of polyp scales follows the

terminology employed by Versluys (1906)

as amplified by Bayer et al. (1983). Syn-

onymies for all species are purported to be

complete. The SEM photomicrographs

were taken by the authors on a variety of

SEM microscopes both at the University of

Miami and the Smithsonian. Unprefaced

SEM stub numbers pertain to the series of

Bayer, those prefaced with a C, to the series

of Cairns.

The following abbreviations are used:

Alb—USFWS Albatross; Atl—Atlantis and

RA^ Atlantis II BL—U.S. Coast Survey

Steamer Blake; BM—British Museum (now

The Natural History Museum, London);

CI—RTV Colombus Iselin; G—RA^ Gerda;

H:W—height to maximum width of an

opercular scale; JS—Johnson-Smithsonian

Deep Sea Expedition; JSL-II—RA^ John-

son Sea-Link II; MCZ—Museum of Com-
parative Zoology, Harvard, Cambridge;

MOM—Museum Oceanographique, Mona-
co; O—M/V, R/V Oregon; P—R/V Pills-
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bury\ ROM—Royal Ontario Museum, On-

tario; SB—M/\, R/V Silver Bay; SEM—
Scanning Electron Microscope stub num-
ber; USNM—United States National

Museum (now the National Museum of

Natural History, Washington, D.C.).

Subclass Octocorallia

Order Alcyonacea

Suborder Calcaxonia

Family Primnoidae Gray, 1858

Genus Narella Gray, 1870

Narella Gray, 1870:49 [type-species: Prim-

noa regularis Duchassaing & Michelotti,

1860, by monotypy].

Stachyodes Wright & Studer in Studer,

1887:49 [no species originally included;

type-species: Stachyodes regularis

Wright & Studer, 1889 (not Duchassaing

& Michelotti, 1860), —Stachyodes stu-

deri Versluys, 1906, by subsequent mon-
otypy (Wright & Studer, 1889:54)].

Calypterinus Wright & Studer in Studer,

1887:49 [no species originally included;

type-species: Calypterinus allmani

Wright & Studer, 1889, by subsequent

monotypy (Wright & Studer, 1889:53)].

Diagnosis.—Colonies of moderate size

(up to about 50 cm), dichotomously

branched in one plane or unbranched; pol-

yps facing downward in whorls or pairs,

rarely isolated; 3 or 4 pairs of large abaxial

body scales, adaxial scales reduced to 1

well-developed buccal in each row, some-

times with 1 or 2 more below it; operculum

consisting of 8 generally triangular scales

each with a more or less distinct longitu-

dinal keel on inner surface and correspond-

ing trough on outer; tentacles usually with

numerous flat rodlets; coenenchymal scler-

ites as scales, generally elongated, some-

times with raised external crests; axis heavi-

ly calcified, longitudinally grooved, with a

discoidal basal holdfast attached to solid

objects.

Remarks.—Versluys (1906) divided the

species of Narella (as Stachyodes) into two

groups, one with the sclerites of the basal

pair meeting at the adaxial (lower) side of

the polyp to form a complete ring, the other

not. However, as some of the specimens in-

vestigated for the present account have

some polyps with "closed" basal scales and

others with "open" basals, even on a single

branch, it appears that this character is not

reliable even at the specific level. It has

therefore been omitted as a basis for clas-

sification.

One of the most diagnostic features at the

species level among the Atlantic Narella,

and perhaps among all the species of this

genus, is the shape and sculpture of the

body wall sclerites, especially the basal

sclerites, each species having a unique ar-

chitecture (shape) and surface texture

(crests and/or granulation). But, this feature

is difficult to determine, often requiring

SEM or various staining techniques to see.

Thus, the dichotomous key, designed for

ease of use, does not emphasize that char-

acter, rather the grosser characters such as

the branched or unbranched nature of the

colony. Unfortunately, branching character-

istics can be misleading, in that long

branches of a branched colony are often

collected separated from the main colony,

falsely suggesting that such a detached

branch is an unbranched colony. Thus, we
recommend favoring the tabular key (Table

1) for identification purposes, which gives

a suite of characters for every species, in-

cluding aspects of the basal sclerite archi-

tecture and texture.

The four pairs of opercular sclerites of

all species of Narella appear to follow a

similar pattern of size and shape. Sclerites

of the adaxial pair are always the smallest

in height and width (usually at least twice

as tall as the basal width, shaped like an

isosceles triangle) and are symmetrical in

shape. The scales of the inner- and outer-

lateral pairs are progressively taller and

wider and asymmetrical, the adaxial side of

each scale produced as a "shoulder" that

overlaps the edge of the scale to its adaxial

side. The abaxial operculars are invariably

the largest of the operculars, both in height
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and width, the widest part occurring at

about mid-height (often resembling the

playing card spade) and are symmetrical,

having projecting shoulders on both edges.

The triangular shape of the operculars in-

variably changes in the ad- to abaxial di-

rection, such that the ratio of height to max-

imum width decreases, essentially changing

form isosceles to almost equilateral trian-

gular. This ratio of height to maximum
width is often species specific and thus the

term H:W is introduced herein to define this

shape for the opercular scales.

Key to the Seven Atlantic Species

of Narella

1. Polyps with 3 pairs of large body scales

2

1'. Polyps with 4 pairs of large body scales

6

2. Colonies unbranched

A^. versluysi (Hickson, 1909)

2'
. Colonies branched, sometimes sparingly

so 3

3. Colonies dichotomous branched in a

lyriform pattern; opercular scales cov-

ered in abaxial view

N. bellissima (Kiikenthal, 1915)

3'. Colonies dichotomous branched, but not

in a lyriform pattern; opercular scales

visible 4

4. Distal margin of upper (i.e., "abaxial")

part of basal scales projecting conspic-

uously as a pair of broad, flat, truncated

or rounded lobes standing approximate-

ly normal to axis; lateral part of basal

scales abruptly meeting upper ("abaxi-

al") part at about 90°, ridged; sparingly

branched N. alvinae, n. sp.

4'. Distal margin of basal scales projecting

only as a pair of short, rounded lobes,

oriented downward to axis; lateral part

of basal scales meeting as smooth

curve, not a 90° angle and not ridged;

regularly and profusely branched 5

5. Whorls of polyps closely placed, 10-12

in 3 cm of axial length; 5 or more pol-

yps per whorl; outer surface of large

body scales rough, closely covered by

small, sharp granules A^. regularis

(Duchassaing & Michelotti, 1860)

5'. Whorls of polyps more distantly spaced,

7-9 in 3 cm of axial length; usually 3

(2-4) polyps per whorl; outer surface of

large body scales smooth except for

more or less conspicuous radial wrin-

kles N. pauciflora Deichmann, 1936

6. Colonies sparingly branched dichoto-

mously in one plan; polyps in whorls of

3-5, with 5-7 whorls in 3 cm of axial

length; body scales without longitudinal

crests N. laxa Deichmann, 1936

6'. Colonies apparently unbranched; polyps

in whorls of 4, with 8 whorls in 3 cm
of axial length; body scales with longi-

tudinal crests TV. spectabilis, n. sp.

Narella bellissima (Kiikenthal, 1915)

Figs. lA, 2A-C, 3A-D, 14

Not Primnoa trilepis Pourtales, 1868:130.

Stachyodes trilepis.—Studer, 1901:41-42,

pi. 5, pi. 11, figs. 3, 6, 7.

Stachyodes sp.—Versluys, 1906:123-124.

Stachyodes bellissima Kiikenthal, 1915:

154; 1919:457; 1924:310.

Stachyodes regularis.—Kiikenthal, 1919:

466-467 (specimen from St. Vincent at

88 fms, BL-232).

Stachyodes Allmani.—Thomson, 1927:29.

Narella regularis.—Deichmann, 1936:169,

pi. 26, fig. 3.—Tixier-Durivault &
d'Hondt, 1974:1412.—Grasshoff, 1982a:

738, map 3; 1982b:947, figs. 15-17.

Narella bellissima.—Grasshoff & Zibrow-

ius, 1983: in part, 122-123, pi. 4, figs.

17-18 (not page 120, pi. 2, fig. 8).—Car-

pine & Grasshoff, 1985:33.—Grasshoff,

1986:26-27.

Material examined.—Mona Passage:

18°12'N, 67°42'W, 515 m, 0-2644, 5 Oct

1959, 3 colonies almost complete save for

holdfast, USNM 52776 {SEM 378, 1734,

unnumbered stub made in 1971, CI 031).

Off St. Vincent: 13°20'N, 61°02.5'W,

576-823 m, P-881, 6 Jul 1969, one small

colony almost complete but lacking hold-

fast, USNM 52777 {SEM 380, 1723).

West of Puerto Rico: 18°03'45"N,

67°48'10"W, 439-549 m, JS-43, 11 Feb
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Fig. 1. A, Narella bellissima, 0-2644, USNM 52776, colony in two pieces, XO.33; B, N. regularis, Alb-

2752, USNM 49385, colony, X0.50; C, N. spectabilis, holotype, USNM 57578, X0.67; D, N. pauciflora, ho-

lotype, MCZ 4809, X0.80; E, N. laxa, holotype in two pieces, USNM 11853, X0.55; F, N. versluysi, C/-140,

USNM 57570, X0.55.
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1933, 3 dichotomous branches, the tallest

15.5 cm, USNM 54281 (SEM 412).

West of Puerto Rico: 18°17'05"N,

67°24'45"W, 512-622 m, JS-47, 13 Feb

1933, one nearly complete small colony

with part of calcareous holdfast, and 6 de-

tached branches, USNM 57444 {SEM 1726)

Bahamas, off Egg Island, Eleuthera:

25°30.85'N, 76°55.10'W, 790 m, JSL-II-

813, 12 Apr 1984, branches cut from a

large colony, USNM 1004869 (SEM 1727).

Bahamas, off Chub Cay, Berry Islands:

25°23.40'N, 77°55.25'W, 792 m, JSL-II-

815, 13 Apr 1984, branches cut from a

large colony, USNM 1004866 (SEM 1709,

1711).

Straits of Florida between Delray Beach,

Florida, and Grand Bahama Island:

26°24'N, 79°36'W, 738 m, CI-140, 28 Sep

1973, one branch 14 cm tall, USNM 57568

(SEM 1733).

Off Northwestern Spain, Bay of Biscay:

44°irN, 8°40'W, 450-500 m, Thalassa

V807, 28 Oct 1968, 2 branches, USNM
94560 and 94561 (SEM 894, 1712-1716)

(reported by Grasshoff, 1982b).

Lesser Antilles: BL-232, MCZ 4807, sev-

eral colony and branch fragments now sep-

arated into 8 lots, alcohol and dry, previ-

ously reported as A^. regularis by Deich-

mann (1936).

Lesser Antilles: BL-233, MCZ 4808, sev-

eral branches now separated into two lots,

alcohol, previously reported as A^. regularis

by Deichmann (1936).

Photographs of syntypes (MOM).
Types.—Four syntypes are deposited at

the MOM, one in alcohol and three dry

(Carpine & Grasshoff 1985), cataloged as

12 0011. Type Locality: Hirondelle station

105: 38°23'45"N, 30°5r30"W (off Azores),

927 m.

Description.—Colonies have a short,

stout main stem, which bifurcates into 2

subsidiary branches, the angle between
these two branches being 100°— 110°, each

of which give rise to a series of regularly

spaced (every 12-15 mm) branches on their

facing sides, altogether forming a uniplanar,

,

lyriform colony shape. The largest speci-

men examined ((9-2644) has a main stem 2

cm in height and 5 mm in axial diameter, a

total colony height of 43 cm, and approxi-

mately 14 branches that originate from each

of the subsidiary branches. The branches

originating from the two subsidiary branch-

es are up to 28 cm in length, most of which

bifurcate only once, some of which bifur-

cate twice, and several of which are un-

branched. The axis is strongly calcified,

fairly stiff, and golden-yellow in color; it

bears fine longitudinal grooves. Polyps are

arranged in whorls of 3-8 (average 5), the

lower number characteristic of whorls at the

ends of branches, the higher number found

on larger-diameter basal branches. Whorls

and polyps are so closely spaced that the

branch coenenchyme cannot be seen, 10-

13 whorls occurring in 3 cm branch length,

the tips of the opercular scales almost

touching the basal scales of the adjacent

proximal polyp and the sides of each polyps

touching their adjacent polyp in the same

whorl. As is characteristic for the genus, the

polyps point downward; the length of a pol-

yp, as measured parallel to the axis from

basal scale to the tip of the operculars, is

2.0-2.2 mm.
Each polyp is protected by three pairs of

large abaxial body scales and a pair of small

adaxial buccal scales. The pair of basal

scales are quite prominent, standing perpen-

dicular to the axis up to 1.8 mm in height,

the upper half of each of these scales pro-

jecting above the medial scales as a tall,

broad, rounded lobe. The sides of these bas-

al scales curve around the base of the polyp

and meet on the adaxial side in a ring struc-

ture, but do not fuse. At the point of cur-

vature from the abaxial to lateral edges,

there is usually a low longitudinal ridge on

the lower half of the sclerite. The pair of

medials are much smaller sclerites (0.7-0.8

mm in length), roughly square, and slightly

creased transversely, resulting in a slight

distal flare; they do not meet on the adaxial

side. The pair of abaxial buccals are quite

large (up to 1 .3 mm in length and 0.90 mm
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Fig. 2. Narella bellissima: A, B, JS-47, USNM 51AAA, a complete polyp whorl and lateral view of a polyp;

C, JSL-II 815, USNM 1004866, adaxial view. Stereo views. All scale bars are 0.5 mm.
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in width), and, although they do not meet

on the adaxial side, form a protective cone

enveloping the distal polyp and opercular

scales, such that only the tips of the oper-

cular scales can be seen from side or ab-

axial view. The distal edges of these buc-

cals are quite thin and delicate, appearing

translucent for the distal 0. 1 mm because of

a lack of tubercles on their inner surface of

this region. The three pairs of large abaxial

scales overlap each other slightly on the

sagittal line and are covered by very small

granules arranged in lines that radiate from

a central point on each scale about V3 the

distance up from its base; however, the

granulation is so fine that these scales ap-

pear smooth. A pair of quadrate-shaped ad-

axial buccal scales also occurs just beneath

the adaxial operculars, these scales measur-

ing about 0.3 mm in greater width. Their

inner surface is tuberculate, the outer gran-

ular, and their distal edges finely serrate, the

serrations being 2—6 fxm in width. Rarely,

one can observe in some specimens 10-12

pairs of vestigial adaxial scales that are el-

liptical in shape and only about 0.1 mm in

greater diameter.

The adaxial operculars are elongate-tri-

angular and symmetrical, up to 0.7 mm in

height and 0.31 mm in basal width (H:W
= 2.1-2.9). They are longitudinally con-

cave, sometimes bearing a short medial

ridge within this concavity, and also bear-

ing a prominent medial keel on the distal

half of its under surface. The inner- and

outer-lateral and abaxial opercular scales

are only slightly taller and wider (up to 0.75

mm tall and 0.47 mm wide: H:W about

1.3-16) and asymmetrical, such that there

is a slight shoulder on the adaxial side,

making the interior keel appear off-center.

The abaxial operculars are only slightly

taller but much wider than the laterals,

sometimes wider than tall (e.g., 0.78 mm
tall and 0.80 mm wide: H:W = 0.81-1.0)

and symmetrical, bearing shoulders on each

side at mid height, making the longitudinal

interior keel centrally placed. The opercular

scales have a progressively deeper longitu-

dinal groove exteriorly and a more promi-

nent keel on their inner surfaces in the ad-

to abaxial gradient. At first glance, in situ,

it would appear that the operculars are flat

with a medial ridge, but when disarticulat-

ed, it can be seen that these sclerites are

deeply longitudinally grooved with a keel

on lower face. When closed, the opercular

scales form a tight, somewhat overlapping

crown around the polyp, which is also pro-

tected by the abaxial buccals, all of which

are directed toward the branch axis. The
tentacles contain small (80 \xm length),

granulated, slightly curved spindles. The
coenenchymal scales are elongate and irreg-

ular in shape, arranged in one layer, up to

1.2 mm in length, and usually longitudinal-

ly ridged. The inner surfaces of all sclerites

are tuberculate, except for the distal edges

of the body wall scales. The tubercles are

roughly 10 |jim in diameter and spiny, the

individual spines being about 1 ixm in di-

ameter.

Comparisons.—Narella bellissima is the

only Atlantic species in the genus to have

dichotomous branching that results in a lyr-

iform colony. Based on Table 1, it is most

similar to A^. alvinae, both species having

prominent lobate basal scales, but A^. bellis-

sima differs in having smaller polyps and

consequently more whorls per cm, less

prominent ridging on the body wall scales,

proportionately longer buccal scales and

smaller operculars resulting in the opercu-

lars being almost completely hidden from

view, and occurs at a shallower depth.

Distribution.—Eastern Atlantic: Bay of

Biscay off France and NW Spain (Grass-

hoff 1982b, 1986); off Portugal (Grasshoff

1986); Azores (Studer 1901, Tixier-Duri-

vault & d'Hondt 1974); Madeira (Thomson

1927, Grasshoff 1982a); Canary Islands

(Grasshoff & Zibrowius 1983); Cape Verde

Islands (Grasshoff 1986); ?Dakar (Grass-

hoff & Zibrowius 1983); 225-1968 m.

Western Atlantic: Lesser Antilles and Ba-

hamas (Fig. 14); 161-792 m.

Remarks.—Studer (1901) was the first to

describe and beautifully illustrate a speci-
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Fig. 3. A-D, Narella bellissima (A, B, D, (9-2644, USNM 52776; C, P-881, USNM 52777): A. underside

of abaxial, outer-lateral, inner-lateral, and adaxial opercular scales; B, three coenenchymal scales; C, a tentacular

scale; D, an adaxial buccal scale. E-H, Narella regularis from Alb-2752, USNM 49385: E, underside of abaxial,

outer-lateral, inner-lateral, and adaxial opercular scales; F, three coenenchymal scales; G, two tentacular scales;

H, an adaxial buccal scale. Scale bars: A, B, E, F = 0.5 mm; C, G = 0.05 mm; D, H = 0.25 mm.
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men of this species, but incorrectly identi-

fied it as Stachyodes trilepis (see Bayer,

2001). Versluys (1906) examined Studer's

specimens, recognized the mistake, but,

having examined only a small fragment of

the type, declined to name it. He did note,

and we concur, that Studer's illustration

(Studer 1901 :pl. 5) of the larger syntype,

which was purportedly drawn at natural

size, depicts the polyps at almost twice their

normal size, and thus results in only half as

many whorls per cm. Finally, Kiikenthal

(1915), in one line and one additional cou-

plet in a key, provided the name S. bellis-

sima for this taxon. He (Kiikenthal 1919)

later redescribed the species, but incorrectly

reported the depth of capture as 1700 m,

apparently misinterpreting the depth given

by Studer in meters as fathoms. In the same

paper, Kiikenthal (1919) also reported S. re-

gularis from St. Vincent, but examination

of this specimen shows it to be typical TV.

bellissima. Likewise, examination of all the

specimens reported as N. regularis by

Deichmann (1936), which includes Kiiken-

thal's specimen, shows them to be A^. bel-

lissima. Although widespread in the eastern

Atlantic (see Distribution), these are the

first correctly identified records of A^. bel-

lissima from the western Atlantic.

Histological sections prepared from sam-

ples of USNM 52772 specially fixed in

Bouin's fixative confirm Studer's observa-

tion (1901:pl. 11, figs. 3, 6) on Stachyodes

trilepis {=Narella bellissima) that the sulcal

side of the polyps is abaxial. The longitu-

dinal muscles of the mesenteries are very

well developed, as would be expected in

polyps capable of strong contraction and

adaxial flexion, as illustrated by Studer

(1901:pl. 11).

Narella regularis (Duchassaing &
Michelotti, 1860)

Figs. IB, 3E-H, 4A-C, 7

Primnoa regularis Duchassaing & Michel-

otti, 1860:17, pi. 1, fig. 12, 13.—Kolliker,
1865:135, pi. 17, fig. 13.—Duchassaing,

1870:13 (listed).—Wright & Studer,

1889:56.

Not Stachyodes regularis Wright & Studer,

1889:55 (junior secondary homonym, re-

placement name: S. studeri Versluys,

1906).—Kukenthal, 1919:466-467 {^N.

bellissima).

Stachyodes regularis.—Versluys, 1906:

96.—Kukenthal, 1924:316.

Not Narella regularis.—Deichmann, 1936

169.—Tixier-Durivault & d'Hondt, 1974

1412.—Grasshoff, 1982a:738, map 3

1982b:947 (all = N. bellissima).

Narella regularis.—Bayer, 1956:F222, fig.

159,5.

Material examined.—Bahamas, off Chub
Cay, Berry Islands: 25°23.40'N, 77°55.25'W,

792 m, JSL-II-S15, 13 Apr 1984, 10 branch-

es cut from a large colony, USNM 1004861

(SEM 1728).

Off northwestern Cuba: 23°10'N, 81°28'W,

366 m, A//-3480, 11 May 1939, 1 branch 6

cm long, MCZ 3674.

Off northwestern Cuba: 23°12'N, 81°22'W,

777 m, Ar/-3469, 9 May 1939, 2 large colo-

nies (one 45 cm tall and 1 1 mm in basal stem

diameter), MCZ 3601.

Off St. Vincent: 13°34'00"N, 61°04'00"W,

514 m, bottom temperature 8.4°C, Alb-2152,

4 Dec 1887, 4 nearly complete colonies and

4 detached branches, USNM 49385 (SEM
381, 376, C1032).

Holotype (see below).

Types.—The holotype of P. regularis is

deposited at the Museo Regionale di Scien-

ze Naturali, Turin (Coel. 275), but all pol-

yps had fallen from the axis, making it dif-

ficult to characterize the species. Type Lo-

cality: Guadeloupe, Lesser Antilles, depth

unknown.

Description.—Colonies have a short

main stem, above which they are equally

and dichotomously branched at approxi-

mate intervals of 15-25 mm, resulting in a

uniplanar (not lyrate) fan. The largest col-

ony examined {Alb-2152) has a main stem

of at least 3.5 cm (but is broken from the

substrate) and 2.7 mm in axial diameter, a
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Fig. 4. Narella regularis from Alb-2752, USNM 49385: A, a complete polyp whorl; B, polyp in lateral

view; C, polyp in adaxial view. Stereo views. All scale bars are 0.5 mm.
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total colony height of 19 cm, and 37 ter-

minal branchlets, the longest branchlet the

result of 7 bifurcations. The axis is heavily

calcified, fairly stiff and golden-yellow in

color. Polyps are arranged in whorls of 4 or

5, the predominant number being 5. Whorls

of polyps are fairly closely spaced, such

that 11-13 whorls occur in 3 cm branch

length, the tips of the opercular scales sep-

arated by about 0.45 mm from the basal

scale of the adjacent polyp. The sides of

each polyp do not touch each other, but are

separated by 0.1-0.2 mm. The downward
pointed polyps measure 2.0-2.3 mm in

length parallel to the axis.

Each polyp is protected by 3 pairs of

large abaxial body scales and a pair of

smaller adaxial buccals. The sclerites of the

basal pair project at a downward angle of

about 60° from the axis and are about 1.25

mm in height, only the distal 0.1-0.2 mm
extending beyond the junction with the me-

dials. The basal scales curve around the

body of the polyp but do not meet on the

adaxial side. The pair of medials are much
smaller (e.g., 0.50-0.65 mm long) and nar-

rower, projecting at a downward angle of

about 45° from the axis and having a distal

outwardly flared margin. The abaxial buc-

cals are slightly more elongate (e.g., 0.70-

0.80 mm) and much broader, oriented es-

sentially parallel to the branch axis and

forming a cone that encircles only the very

base of the opercular scales. The outer sur-

face of the sclerites is distinctly roughened

by close-set, sharp granules which impart a

rough, shagreen-like appearance, and the

inner surface where in contact with the me-

sogloea, by crowded, complex tubercles.

The basal pair of body scales is ornamented

by several sharply raised irregular ridges ra-

diating from the depositional center or "nu-

cleus," and similar, but less conspicuous,

ridges mark the outer surface of the medial

and buccal scales as well. The pair of small

adaxial buccals are rhomboidal in shape,

about 0.40 mm in greater diameter, and

have a finely serrate distal edge.

The adaxial operculars are symmetrical

isosceles triangles, varying in height from

0.6 to 0.9 mm and up to 0.45 mm in basal

width (H:W = 2.0-2.2). The inner- and out-

er-lateral operculars are larger (up to 1.0

mm tall and 0.65 mm wide: H:W = 1.5-

1.7) and asymmetrical, a bearing a slight

shoulder on their adaxial side. The largest

(i.e., abaxial) operculars are symmetrical,

up to 1.1 mm in height and about 0.75 mm
wide (H:W = 1.45-1.55). They are slighdy

notched basally, thus resembling certain In-

dian arrowheads. Thus all operculars, al-

though differing in size and symmetry,

have roughly the same H:W ratio, and all

bear a longitudinal groove on their exterior

surface and a prominent keel on their inte-

rior surface. All of the opercular scales are

easily seen in side view, except for the very

base, which is protected by the abaxial buc-

cals. The tentacles contain small (65-75 luim

long and about 20 fxm wide), straight, gran-

ular rodlets. Coenenchymal scales are elon-

gate and somewhat irregular in shape, ar-

ranged in one layer, up to 0.75 mm in

length, and ridged, the ridges sometimes

anastomosing on the surface.

Comparisons.—In addition to those char-

acters mentioned in Table 1, N. regularis

differs from A^. bellissima in having larger,

consistently triangular opercular scales

(H:W always >1.5), which are largely un-

protected by the abaxial buccal scales; a

curved polyp, instead of one that is parallel

to the branch axis; a smaller ratio in length

of their buccal scales in relation their me-

dial scales; lacking a distal translucent re-

gion; basal scales that do not meet on the

adaxial side; and more highly ridged body

wall and coenenchymal scales, the ridges of

the latter sometimes anastomose.

Distribution.—Lesser Antilles, Bahamas,

off Cuba (Fig. 7); 366-792 m.

Remarks.—Eliminating the misidentifi-

cations and simple listings of this species,

as indicated in the synonymy, these are the

first legitimate records of N. regularis sub-

sequent to its description.
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Narella pauciflora Deichmann, 1936

Figs. ID, 5A-C, 6A-D, 7

Narella pauciflora Deichmann, 1936:170,

pi. 25, fig. 3, pi. 26, fig. 2.

Material examined.—Off Morro Light,

Cuba: 1473 m, BL-2, date, 3 branches,

MCZ 4807?.

Off Campeche Bank, Mexico: 23°52'N,

88°58'W, 1473 m, BL-35, date, 1 complete

colony and several branches, MCZ 4814,

4814a.

NW of Cardenas, Cuba: 23°54'N,

81°27'W, 1153-1190 m, G-375, 17 Sep

1964, several badly damaged branches re-

taining only a few polyps, USNM 52771.

Off northwestern Cuba: 23°24'N,

81°00'W, 676-1106 m, Atl-2995, 16 Mar
1938, 3 colony fragments, MCZ 3872.

Off northwestern Cuba: 23°22'N,

81°05'W, 859-1216 m, Atl-2996, 16 Mar
1938, 3 colony fragments, MCZ 3831.

South of Cay Sal Bank: 23°51.9'N,

80°42.7'W, 1079-1089 m, G-1111, 30 Apr
1969, 9 branches, the largest 19 cm tall,

USNM 52772 (SEM 377, 377A, C1013).

N of Cardenas, Cuba: 23°5rN, 81°02'W,

1107-1162 m, G-372, 16 Sep 1964, 2

branches, the larger 12 cm tall, with one

bifurcation, the other unbranched and partly

denuded, USNM 52773.

NE of Havana, Cuba: 23°45'N, 8r49'W,
1400-1395 m, G-965, 1 Feb 1968, 5 bro-

ken branches, the largest 21 cm tall, with

ophiuroids attached, cortex and polyps

rubbed off in several places, USNM 52774.

Off St. Lucia: 14°17'N, 60°45.2'W, 1280

m, P-892, 7 Jul 1969, 3 branches, the larg-

est 27 cm tall with several bifurcations, ap-

parently about half of a colony, without

holdfast, severely damaged, with attached

ophiuroids, USNM 52775 (SEM 1729).

Tongue of the Ocean, Great Bahama
Bank: 24°02'N, 77°17'W, 1335 m, C/-19, 6

Jul 1972, one nearly complete colony with

part of calcareous holdfast, 3 1 cm tall, ter-

minal branchlets broken off, ophiuroid at-

tached, dry, USNM 57571 (SEM 1704); 5

branches, the largest 22 cm tall, and smaller

fragments more or less damaged, with ophi-

uroid attached, USNM 57572.

Tongue of the Ocean, Great Bahama
Bank: 23°29'N, 77°05'W, 1234 m, C/-46,

24 Feb 1973, several badly broken frag-

ments, the largest about 18 cm tall, with

ophiuroids attached, in alcohol, USNM
57573 (SEM 406, 1730).

Tongue of the Ocean, Great Bahama
Bank: 23°40'N, 77°08'W, 1372 m, C/-47,

24 Feb 1973, one badly damaged branch

about 10 cm tall, most polyps lost, USNM
57574.

Straits of Florida between Delray Beach,

Florida, and Grand Bahama Island:

26°24'N, 79°36'W, 738 m, C/-140, 28 Sep

1973, 6 broken branches severely decorti-

cated, the largest 23 cm tall, USNM 57575.

NE of San Juan, Puerto Rico: 18°40'N,

65°58'W, 1446-1510 m, P-830, 4 Feb 1969,

several broken branches, the largest 12 cm
tall, and decorticated fragments, with ophi-

uroids attached, USNM 57577.

Locality unknown: unknown Blake sta-

tion, 3 branches, MCZ 4813.

Types (see below).

Types.—The holotype (5L-124, MCZ
4809) consists of one branch 13 cm long

and several smaller branches preserved in

alcohol. The paratypes (BL-227, MCZ
4810 and 4810a) consist of one broken col-

ony and several branches, also preserved in

alcohol. Type Locality: 17°47'30"N,

64°53'45"W (off St. Croix), 1061 m.

Description.—Colonies have a stout

main stem that is entirely calcified (white)

and which bifurcates repeatedly in a fairly

regular fashion (dichotomous branching)

resulting in a uniplanar colony. The largest

specimen (C/-19) is 31 cm tall, having a

calcified basal stem 13 mm in diameter and

24 mm in height. Branching is fairly sparse,

branch segments between branching nodes

are 10-50 mm in length, and the longest

terminal branch is 14 cm, the distal most

branch being the result of 6 successive bi-

furcations. The angle between branches is

only 25°-30°. Above the calcified base,

branches are fairly stiff, golden-yellow in
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Fig. 5. Narella pauciflora from G-1 1 1 1, USNM 52772: A, a complete polyp whorl; B, polyp in lateral view;

C, polyp in adaxial view. Stereo views. All scale bars are 0.5 mm.
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color, and longitudinally grooved. Polyps

are fairly well separated, arranged in whorls

of 2-5 (usually 3) and only 6-9 (usually 7)

whorls occurring in 3 cm. Thus, the lateral

edges of each polyp in a whorl are separat-

ed from its adjacent polyps in that whorl by

approximately the width of a polyp, and

whorls are separated from one another by

about 1.5 mm. As is characteristic for the

genus, the polyps are pointed downward,

measuring 2.6-2.8 mm in length.

Each polyp is protected by 3 pairs of

large abaxial body scales and 1-2 pairs of

much smaller adaxial buccal scales. The

sclerites of the basal pair project at a down-

ward angle of about 70° from the axis, and

are about 1.1-1.3 mm in height, only the

distal 0.2 mm extending beyond the junc-

tion with the medials. The basal scales

curve around the body of the polyp but do

not meet on the adaxial side. The medials

are smaller (about 1.0 mm), projecting at a

downward angle of about 25° from the axis.

The abaxial buccals are of intermediate size

(about 1.15 mm) and much broader than the

medials, oriented parallel to the axis or at a

slight angle from it, forming a cone that

encircles only the very bases of the eight

opercular scales. Although somewhat vari-

able, the surfaces of the 3 pairs of large

abaxial sclerites are ornamented with prom-

inent ridges, these ridges radiating from a

center in the basal third of each sclerite.

Otherwise, the outer surface of these scler-

ites is fairly smooth. The pair of adaxial

buccals are square to slightly rectangular in

shape and about 0.7 mm in width. They are

usually highly ridged, the ridges sometimes

reticulate, and have a finely serrate upper

edge. Often there is another pair of smaller

scales about half the size of the adaxial buc-

cals that are directly proximal to the adaxial

buccals, which are also ridged.

The adaxial operculars are tall symmet-

rical triangles, and are by far the smallest

opercular scales, about 1.15 mm in height

and 0.35 mm in width (H:W of 2.9-3.3).

The inner-lateral operculars have a broad

base, which is asymmetrically elongated on

the adaxial side to partially cover the ad-

axial operculars. These sclerties are up to

1.5 mm in height and 1.0 mm broad at the

base (H:W = 1.4-1.5). Outer-lateral and

abaxial operculars are even taller (up to 2.0

mm) and about 0.75 mm in width, resulting

in H:W of about 1.5-2.0, these sclerites

sometimes having 2 or 3 pointed tips. All

opercular sclerites are deeply creased me-
dially, edges of adjacent sclerites almost

parallel with one another, the crease corre-

sponding to a thick medial keel on the in-

terior surface of the sclerite. Opercular

sclerites also bear low, radiating ridges on

their outer surfaces, and each adaxial oper-

cular often bears a small (0.15 mm in di-

ameter), short tube on its lower adaxial

margin (Fig. 5C) of unknown function. The
tentacles contain small, straight granular

rodlets 65-90 fxm in length and about 15

jjim in width. Coenenchymal scales are

elongate (up to 1.9 mm), irregular in shape,

and ridged, the ridges often radiating from

a central point, sometimes longitudinal, and

sometimes quite high and reticulate, the lat-

ter case most common on those coenenchy-

mal scales adjacent to the basal scales.

Comparisons.—Narella pauciflora is

perhaps closest morphologically to A^. re-

gularis (see Table 1), but can be distin-

guished by its larger polyps, fewer polyps

per whorl, fewer polyps per unit distance

on a branch, and in often having two pairs

of highly ridged adaxial buccal scales.

Distribution.—Antilles and Bahamas
(Fig. 7); 738-1473 m.

Remarks.—This is the first report of this

species since its original description.

Narella alvinae, new species

Figs. 6E-I, 7, 8A-D

"delicate coral" Calder, 1993:1, 26-27

(color figures).

Material examined/holotype.—25 km
NW of Bermuda: 32°35'N, 64°55'W, 3419

m, A/vm-2566, 17 Mar 1993: main colony

now fragmented into 47 fragments, the larg-

est 27 cm in height with 6 terminal branch-
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Fig. 6. A-D, Narella pauciflora from G-1111, USNM 52772: A, underside of abaxial, outer-lateral, inner-

lateral, and adaxial opercular scales; B, three coenenchymal scales; C, two tentacular scales; D, an adaxial buccal

scale. E-I, holotype of Narella alvinae, USNM 100778: E, underside of abaxial, outer-lateral, inner-lateral, and

adaxial opercular scales; F, branch with intact coenenchymal scales; G, an isolated coenenchymal scale with a

tall crest; H, two tentacular scales; I, two adaxial buccal scales. Scale bars: A, B, D, E, F, G, I = 0.5 mm; C,

H = 0.05 mm.
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Fig. 7. Distribution of Narella pauciflora (circles), N. regularis (squares), and N. alvinae (triangle).

es, ROMIZ B3521; 12 branches and hun-

dreds of separate polyps, USNM 100778

{SEM CI 023-26, 1030), all from the same
colony and considered to be holotypic.

Type Locality: as stated above.

Description.—The holotypic colony is

sparingly and dichotomously branched in

one plane, resulting in 26 rather long ter-

minal branches 10-13 cm long. Most of

these branches have been broken from the

main colony, but the entire colony is figured

in situ by Calder (1993). The thickest

branch axis is only 0.9 mm in diameter,

fairly rigid, smooth, and golden-yellow in

color. Polyps whorls are spaced 1.2-1.7 mm
apart. There are 4 polyps within each whorl

and about 7 whorls occur in 3 cm of branch

length. Fully developed polyps are 2.7-3.1

mm in length.

The polyps are covered by 3 pairs of

large abaxial scales and 1 pair of adaxial

marginals (buccals), sometimes with a few

much smaller adaxials in a more proximal

position on the polyp. The sclerites of the

abaxial basal pair project perpendicular to

the axis and are about 1.7 mm in height,

the distal 0.6 mm projecting beyond the

junction with the adjacent medial s as a

prominent lobe, the 2 of which together

form a collar around the base of the polyp.

Each basal sclerite bears a prominent lon-

gitudinal crest up to 0.45 mm in height at

the point of curvature from the abaxial to

lateral edges of the scale; these scales do

not form a complete ring and thus do not

touch or fuse on the adaxial side. In fact,

the lower proximal edge of each basal scler-

ite is often slightly notched, the notch fitted

to a slightly apically indented coenenchy-

mal scale. Furthermore, the coenenchyme

between the basals of 2 adjacent polyps

consists of 2 characteristically long (up to
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1.8 mm) coenenchymal sclerites that bear

unusually tall crests (up to 0.48 mm). The

structure and position of the coenenchymal

sclerites that surround the basal sclerites is

consistent and would appear to "lock in"

or stabilize the basal sclerites into the coen-

enchymal sclerites, the interpolyp scales

preventing lateral motion and those at the

proximal ends of the basals preventing lon-

gitudinal movement, which might explain

why in this species it is common for most

of the polyps to be abraded from the axis

but the basals remaining intact on the axis.

The medial sclerites are 1.4-1.6 mm in

length, not ridged, and have a thin, trans-

parent, slightly upward curved distal edge.

Buccal sclerites are similar to the medials

but wider, overlapping only the basal region

of the opercular scales. All abaxial scales

are coarsely granular exteriorly. A pair of

well-developed (0.45 mm in width), flat,

rectangular adaxials occur contiguous to the

adaxial operculars. In some specimens

smaller (0.15 mm), elliptical adaxial scler-

ites occur lower on the polyp wall.

The adaxial operculars are the smallest of

the operculars, symmetrically triangular, up

to 1.05 mm in height and about 0.38 mm
in greatest (basal) width (H:W = 2.5-2.7).

The inner- and outer-lateral operculars are

slightly larger (up to 1.4 mm and 0.70 mm
in width: H:W = 1.8-2.2), and asymmet-

rical, the widest point being about a third

of the distance from the base caused by a

small lobe on the adaxial side of the scler-

ite. The abaxial operculars are symmetrical,

up to 1.4 mm in height and 1.0 mm in width

(H:W = 1.23-1.45), widest about a third up

from the base cause by symmetrical lobes

on either side of the sclerite, and bluntly

tipped. All opercular sclerites are deeply

longitudinally grooved externally, which

corresponds to a prominent keel on their in-

terior surface. The tentacular rodlets are

flattened and granular, up to 97 jjim in

length and 24 jjim in width. The coenen-

chymal scales are thin, slender (0.25 mm),
elongate (1.2-2.0 mm) plates, imbricating

on their edges, each plate having one thin.

transparent, longitudinal ridge up to about

0.20 mm tall, which gives the branch axis

a "frilly" aspect. As mentioned above, the

coenenchymal sclerites adjacent to the bas-

als have even taller ridges.

Etymology.—Named in honor of the col-

lecting vessel, the RA^ Alvin.

Comparisons.—Although similar to A^.

laxa in branching pattern, A^. alvinae is

morphologically most similar to A^. pauci-

flora (see Table 1), both species having a

similar number of polyps per whorl and

whorls per cm, and polyp size; however, TV.

alvinae differs in having prominent lobes

on its basal scales, sparse branching, and

prominent crests only on the basal scales at

the point of curvature from the abaxial to

lateral edges. A^. alvinae appears to be

unique in having coenenchymal sclerites

with prominent longitudinal crests.

Distribution.—Known only from the

type locality off Bermuda (Fig. 7), 3419 m.

This is the deepest known record of a Na-

rella and one of the deepest collected prim-

noids on record.

Narella versluysi (Hickson, 1909)

Figs. IF, 9A-C, lOA-D, 14

Calypterinus Allmanni (sic).—Route, 1896:

303-304.—Versluys, 1906:93.

Stachyodes sp.—Versluys, 1906:93-94.

Stachyodes versluysi Hickson in Stephens,

1909:10-13.—Kiikenthal, 1919:456-

457; 1924:309.—Thomson, 1927:30-32,

pi. 2, fig. 19, pi. 5, figs. 12-13 (in part:

not station 970).—Stiasny, 1941:80-81.

Narella versluysi.—Deichmann, 1936:

171.—Grasshoff, 1982a:738, 747 (map

3); 1982b:946-947, figs. 13-14.—Car-
pine & Grasshoff, 1985:33.—Grasshoff,

1986:27.

Narella elegans Tixier-Durivault & La-

fargue, 1968:622-626, figs. 3-4.

Material examined.—Straits of Florida,

off St. Lucie Inlet, Florida: 27°06'N,

79°32'W, 677-659 m, G-170, 29 Jun 1963,

one unbranched stem 35 cm long, lacking
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Fig. 8. Narella alvinae, holotype, USNM 100778: A, lateral view of polyp; B, polyp in adaxial view; C,

lateral view of polyp; D, oral (opercular) view of polyp. A and B stereo views. All scale bars are 0.5 mm.
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base and apex, USNM 52900 (unnumbered

SEM stub).

Straits of Florida, between Palm Beach,

Florida, and Settlement Point, Grand Ba-

hama Island: 26°28'N, 79°33'W, 751 m, G-

808, 13 Sep 1966, 2 pieces 5.5 and 12 cm
long, probably of a single unbranched stem,

lacking base and apex, USNM 52902.

Straits of Florida, off Delray Beach, Flor-

ida: 26°24'N, 79°36'W, 738 m, C/-140, 28

Sep 1973, 2 pieces 7 and 37 mm long,

probably of a single unbranched stem, lack-

ing base and apex, USNM 57570 (SEM
413, C1014-1015).

Straits of Florida off Delray Beach, Flor-

ida: 26°23'N, 79°37'W, 743-761 m, C/-246,

29 Oct 1974, 2 partly decorticated pieces 6

and 24 cm long, apparently part of one un-

branched stem, lacking base and apex,

USNM 57569.

Straits of Florida west of Riding Rock,

Bahama Islands: 25°26'N, 79°23'W, 796 m,

G-304, 23 May 1964, 3 unbranched stems,

the largest 30 cm long, USNM 52901 (SEM
375).

Off northwestern Cuba: 23°18'N,

80°46'W, 896 m, Ar/-3474, 10 May 1939, 2

branches the longest 17 cm, MCZ 3727 and

43647.

Off Bermuda: 32°14.47'N, 64°47.07'W,

900 m, "tangled in crab pot", 15 Nov 1990,

one dry branch fragment 9 cm long, USNM
1004792; parent lot 76 cm long, dry, Ber-

muda Biological Research Station, uncata-

loged.

Types (see below).

Types.—Five syntypes are deposited at

The Natural History Museum, London
(1962.07.20.172) and an SEM stub (404) of

one of these syntypes is at the USNM. Type

Locality: off Ireland; 698-914 m.

Description (western Atlantic speci-

mens).—Colonies evidently are un-

branched, straight or nearly so, with a near-

ly uniform diameter of 5-7 mm (including

polyps) and attaining a length up to 34.5

cm (G-170), although eastern Atlantic spec-

imens are known to be as long as 78 cm
(Hickson 1909). The axis is heavily calci-

fied, brittle, and longitudinally grooved,

with dull golden reflections, in the most ro-

bust specimen only 2.2 mm in axial diam-

eter. In one specimen, the proximal part of

the axis shows calcareous thickening of the

kind present just above the holdfast of

many other species. Polyps are fairly close-

ly spaced, the lateral edges of polyps within

a whorl touching each other, and the oper-

cular scales of the zooids of one whorl

touching (or nearly touching) the basal

sclerites of the polyps of the next whorl.

Polyps are arranged in whorls of 4-7, and

8-10 whorls occur in 3 cm of branch

length. Polyps measure 3.2-3.7 mm in

length, measured parallel to the axis from

the basal part of the basal sclerites to the

apex of the abaxial operculars.

Each polyp is protected by 3 pairs of

large abaxial body scales and a variable

number of smaller adaxial scales. The scler-

ites of the basal pair project perpendicular

or at a downward angle of 60° from the axis

and are about 2.1 mm in height, the distal

0.7-0.8 mm flared outward abaxially as a

pair of rounded, smooth-edged, very thin,

petal-like processes without marginal points

or spines. The inner surface of one or both

basal scales may have one or more promi-

nent keels, which may be visible even in

abaxial view and which articulate with a

notch or groove on the lower side of the

adjacent medial sclerite (Fig. 9A). The bas-

al sclerites are smoothly curved around the

base of the polyp but do not meet adaxially.

The medials are the smallest of the large

body wall scales, about 1.2 mm in length

and fairly narrow, encircling only about

half of the polyp. They also have a free,

upturned distal edge that is very thin and

delicate, oriented about 45° from the axis.

The abaxial buccal scales are of interme-

diate size (about 1.7 mm in length), orient-

ed parallel to the axis, and also concave in

shape, their distal margins thin and flared

outward as the other 2 pairs. These buccal

scales form a prominent, open collar or

cone that encircles only the basal region of

the 8 operculars. Except for the internal
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Fig. 9. Narella versluysi: A, G-304, USNM 52901, a complete polyp whorl; B, syntype, polyp in lateral

view; C, C/-140, USNM 57570, polyp in adaxial view. Stereo views. All scale bars are 0.5 mm.
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ridges of the basal scales, the exterior sur-

faces of the body scales are not ridged or

keeled, but covered with a prominent gran-

ulation that seems to radiate from a central

region of each scale. The adaxial side of

each polyp is furnished with a pair of rather

large marginal (buccal) scales, quadrate to

tear-drop shaped, up to 0.40 mm in diam-

eter, and having finely serrate edges. Ad-

ditional pairs (up to 5 or 6) of smaller

(0.14-0.30 mm width) adaxial scales occur

proximal to these two marginal adaxial buc-

cals, their distal margins becoming more

coarsely serrate toward the base of the pol-

yp-

As is typical in the genus, the adaxial

operculars are the smallest of the opercular

scales and shaped as isosceles triangles;

they are about 1.0 mm in height and 0.30-

0.50 mm in width (H:W = 2.1-3.3), often

variable in width within the same polyp,

one adaxial opercular being considerably

wider than the other. The inner- and outer-

lateral operculars are taller and broader, up

to about 1.6 mm in height and 0.70-0.95

mm in width (H:W = 1.6-2.1). The abaxial

operculars are of a similar height (1.5-1.6

mm), but are wider than the laterals at mid-

height (resulting in a H:W of 1.2-1.3), and

are blunt-tipped. All opercular scales bear a

prominent ridge or keel on the distal half

of their interior surface, the keel increasing

in prominence in the ad- to adaxial direc-

tion, that of the abaxial opercular as much
as 0.45 mm in height. The inner- and outer-

lateral operculars are asymmetric in shape,

each scale having a slightly broader shoul-

der on the adaxial side of the medial keel;

the ad- and abaxial operculars are symmet-

ric in shape. The tentacles are filled with

thin, elongate (up to 80 |JLm long and 20

|jLm width), finely granular rodlets, some of

which are curved to conform to the shape

of the tentacle. Coenenchymal sclerites are

thin and scale-like, up to 1.4 mm in length,

and not closely fitted but commonly with

one edge flared outward as a thin expansion

projecting over neighboring scales and

sometimes with a thin crest on the outer

surface.

Comparisons.—Within the Atlantic, a

branch fragment of A^. versluysi could easily

be confused with a terminal branch of A^.

bellissima, both species having prominent

basal scales, body wall scales with thin dis-

tal edges, and a similar number of polyps

per whorl (Table 1). But, A^. versluysi dif-

fers in having larger polyps and larger-di-

ameter branches; shorter buccal scales that

expose most of the opercular scales; small,

stellate adaxial scales; unridged basal

scales; and fewer polyps per cm.

Distribution.—Eastern Atlantic: off Ire-

land, Bay of Biscay, Azores, off Portugal,

off western Sahara (Grasshoff 1982a,

1982b); 550-3100 m. Western Atlantic:

Bermuda; Straits of Florida (Fig. 14); 677-

900 m. The record off Spitsbergen Bank,

Arctic Ocean at 48 m (Thomson 1927) is

an unlikely locality and depth; Carpine &
Grasshoff (1985) implied that there might

have been a labelling error associated with

this record.

Remarks.—The present specimens agree

in the main with Hickson's description of

Stachyodes versluysi from off the west

coast of Ireland. The two obvious differ-

ences may be superficial and of no taxo-

nomic importance. First, in the present ma-

terial, the smallest number of polyps in a

whorl ranges from 4 to 7, whereas in the

type material the smallest number reported

is 9 and the largest "about 14." Although

this could be no more than a reflection of

colonial size, the diameter of Hickson's

specimen at its distal end was not much
larger than in the present material but there

it had 9 polyps compared with 5 in the pre-

sent specimens. In regard to number of pol-

yps per whorl, the western Atlantic speci-

mens are more similar to specimens report-

ed by Thomson (1927) from the Azores,

which have predominantly 7 or 8 (range 6—

10) polyps per whorl or those described by

Tixier-Durivault & Lafargue (1968) from

the Bay of Biscay as A^. elegans, which

have 4-6 polyps per whorl; however, in the
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Fig. 10. A-D, Narella versluysi (A, B, CI-140, USNM 57570; C, D, G170, USNM 52900): A, underside

of abaxiai, outer-lateral, inner-lateral, and adaxial opercular scales; B, two coenenchymal scales; C, a tentacular

scale; D, two adaxial buccal scales. E-H, holotype oi Narella laxa, USNM 11853: E, upperside of abaxiai,

outer-lateral, inner-lateral, and two adaxial opercular scales; B, two coenenchymal scales; C, a tentacular scale;

D, three adaxial buccal scales. Scale bars: A, B, E, F = 0.5 mm; C, G = 0.05 mm; D (right), H = 0.25 mm;
D (left) = 0.09 mm.
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latter case the polyps are also smaller, only

2.5 mm in length. But, Grasshoff (1982b)

considered a polyp length range of 2.5-4.0

mm to be within the intraspecific range for

this species. A second difference appears in

the coenenchymal plates, which in S. ver-

sluysi, according to Hickson (1909:11), are

large "compound" plates over 1 mm long,

which break down into smaller "oblong,

square, leaf-shaped, stellate and quite irreg-

ular" scales upon prolonged treatment with

caustic potash. Perhaps by this drastic treat-

ment (not used in the present study) Hick-

son was merely breaking up fully devel-

oped scales that may have been weakened

by rough handling during collection.

J. A. Thomson's description (1927:30) of

18 specimens from the Josephine Bank and

off the Azores also agrees in general both

with Hickson 's account and with the present

western Atlantic material. However, the

weak lateral crests on the basal scales de-

scribed by Thomson but not evident in his

beautifully drawn figure of an isolated pol-

yp (1927:pl. 2, fig. 19), casts some doubt

on the identification of his specimens as

Narella versluysi. Two small pieces of

Hickson's type specimen, which one of us

(FMB) has examined in The Natural His-

tory Museum (London) through the kind-

ness of Dr. RES. Cornelius, show no trace

of crests on the basal scales, although ad-

jacent coenenchymal scales definitely have

crests.

Previously known only from the eastern

Atlantic, this is the first report of this spe-

cies from the western Atlantic. Although

generally assumed to be an unbranched spe-

cies, some authors have qualified this de-

scription to include "slightly branched".

Indeed, very few, if any, colonies have been

collected intact including a holdfast, and

thus the nature of its branching is difficult

to verify.

Narella laxa Deichmann, 1936

Figs. IE, lOE-H, llA-C

Narella laxa Deichmann, 1936:170, pi. 26,

fig. 1.—Grasshoff, 1985:305.

Material examined types.—South of

Georges Bank: 40°34'18"N, 66°09'00"W,

3186 m, bottom temperature 3°C, Alb-

2573, 2 Sep 1884: one dry colony 14 cm
high and 6 cm wide, with a detached

branch, USNM 11853 (holotype) (SEM
410, 411, C1027-28). Type locality: as stat-

ed above.

Same data: One fragment 1.5 cm long,

with 4 whorls only, in alcohol. From the

same haul as the holotype and probably a

piece of it. The preservative has at some
been slightly acid, as the sclerites are

chalky in appearance and extremely fragile,

USNM 49426.

Same data: one fragment 2.8 cm long,

with 7 whorls; dry, glued to a piece of black

cardboard. From same haul as holotype and

undoubtedly a piece of it, MCZ 4811.

Description.—The large holotypic colo-

ny is sparingly branched in one plane, the

short (5.4 mm tall and 1.6 mm in diameter)

main stem dichotomously dividing, the re-

maining divisions all occurring within 15

mm of the first bifurcation, resulting in 9

undivided terminal branches 10-13 cm in

length. The axis is stiff, brittle, smooth,

light yellowish brown with scant indication

of metallic luster in dry condition. Polyp

whorls are fairly well spaced, a distance of

about 2.5 mm separating each whorl, the

polyps within a whorl touching laterally.

Polyps are arranged in whorls of 3-5, of

which 5-7 (or even 8 in places where

whorls of young polyps are present between

older ones) occur in 3 cm of branch length.

Fully developed polyps are about 3 mm
long, measured parallel to the axis; younger

individuals are about 1.75 mm long.

The polyps are covered by 4 pairs of

large abaxial body scales (1 pair of basals,

2 pairs of medials, and 1 pair of buccals),

2-3 pairs of smaller adaxial scales, and oc-

casionally one or more inner-lateral buccal

scales. The sclerites of the basal pair project

perpendicular to the axis, and are about 1.4

mm in height, the distal 0.4 mm extending

as short, rounded lobes beyond the junction

with the first medial pair. The basal sclerites
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Fig. 11. Narella laxa, holotype, USNM 11853: A, abaxial polyp view; B, polyp in lateral view; C, polyp

in adaxial view. Stereo views. All scale bars are 0.5 mm.
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are smoothly curved around the base of the

polyp, are not ridged, and do not meet

adaxially. The 2 pairs of medial scales and

the pair of abaxial buccals are progressively

longer and wider toward the distal end of

the polyp, the buccals almost encircling the

polyp; however, in some polyps there are

one or 2 medium-sized (0.35-0.43 mm in

width) inner-lateral buccals that intercalate

with the abaxial buccals and the adaxial

buccals. The extra pair of medial scales al-

lows for a slightly more flexible polyp than

in most other species of Narella, the oper-

cular scales usually directed straight toward

the axis in a preserved polyp. The buccal

scales cover only the basal-most region of

the opercular scales. None of the larger

body scales are ridged or crested, but all

bear a coarse granulation that is arranged in

lines radiating outward from the nucleus.

Two or three pairs of well-developed, rect-

angular adaxial buccals lie below the ad-

axial operculars, those closest to the oper-

culars about 0.30 mm in width, those more

proximal, decreasing to about 0.15 mm in

width. The distal edges of these scales are

finely serrate.

The adaxial opercular scales are the

smallest of the operculars, shaped as slen-

der triangles 0.70-0.85 mm in height and

0.20-0.24 mm in basal diameter (H:W =

3.3-4.2). The inner- and outer-lateral oper-

culars are larger, up to 1.1-1.2 mm in

height and 0.51 mm in basal width (H:W
= 2.1-2.5), the base asymmetrically ex-

tended on the adaxial side. The large ab-

axial operculars are symmetrical, about

1.0—1.3 mm in height and 0.65-0.70 mm in

basal width (H:W = 1.8-1.9). The opercu-

lar scales are fairly flat becoming only

slightly concave on their distal regions,

which corresponds to but a weak keel on

the internal side. The tentacles contain

curved, granular rodlets up 0.105 mm in

length. The coenenchymal scales are elon-

gate (up to 1.10 mm in length), more or less

imbricating, commonly with a prominent

longitudinal crest.

Comparisons.—Only one other species

of Narella at present known has 4 pairs of

body scales, A^. spectabilis n. sp., described

below. It differs in the presence of distinct

longitudinal crests on all the abaxial body

scales, prominently keeled operculars, finer

and smoother external sculpturing, and

more elaborately crested coenenchymal
scales (see also Table 1). A^. laxa is also

distinguished from all other western Atlan-

tic species by having virtually flat opercular

scales with rudimentary ventral keels, the

opercular scales of all other species being

strongly concave above.

Distribution.—Western Atlantic: known
only from the type locality (see Material

Examined) near Balanus Seamount, New
England Seamount Chain, off Georges

Bank; 3186 m. Eastern Atlantic: Shamrock
Canyon, Bay of Biscay, 2980 m (Grasshoff,

1985).

Remarks.—Verrill, in his original manu-

script on the Alcyonaria of the Blake and

in the captions of his unpublished plates

(Verrill, unpub.), generically separated A^.

laxa from the other species of Narella,

which have only 3 pairs of large abaxial

body scales. The discovery of another spe-

cies with 4 pairs of scales lends support to

that view, but clarification of this matter

must await the study of a great deal more

material than is available at present.

Narella spectabilis, new species

Figs. IC, 12A-C, 13A-D, 14

Material examined/types.—Holotype:

Tongue of the Ocean, Great Bahama Bank:

24°30'N, ITll'^, 1485 m, C/-125, 25 Sep

1973, one unbranched stem partly decorti-

cated and lacking distal tip and holdfast,

USNM 57578 {SEM 407-409, 411, 416,

C1029). Type Locality: as stated above.

Description.—The holotypic colony is

25 cm long and unbranched, but, because it

is a fragment, it cannot be certain if this

branch represents an unbranched species,

like N. versluysi, or is an end branch of a

sparingly branched species, such as A^. laxa.

The axis is 0.9 mm in diameter, stiff, brittle.
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Fig. 12. Narella spectabilis, holotype, USNM 57578: A, polyp in abaxial view; B, polyp in lateral view; C,

polyp in adaxial view. Stereo views. All scale bars are 0.5 mm.
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Fig. 13. A-D, holotype of Narella spectabilis, USNM 57578: A, upperside of abaxial, outer-lateral, inner-

lateral, and adaxial opercular scales; B, a tentacular scale; C, three highly crested coenenchymal scales; D, three

adaxial buccal scales. Scale bars: A, C = 0.5 mm; B, 0.05 mm; D = 0.25 mm.

yellowish white with pale golden reflec-

tions, and nearly smooth, with only the

faintest suggestion of longitudinal groov-

ing. Polyp whorls are not directly adjacent,

but separated by about 0.5 mm from one

another. Polyps are arranged in whorls of 4,

of which 8 occur in 3 cm of branch length.

Fully developed polyps are 3.5 mm in

length.

The polyps are covered by 4 pairs of

large abaxial body scales (1 pair of basals,

2 pairs of medials, and 1 pair of buccals)

and 2 pairs of smaller adaxial buccals. The
sclerites of the basal pair project perpendic-

ular to the axis, and are about 1.15 mm in

height, the distal 0.20 mm extending slight-

ly beyond the junction with the proximal

ends of the first medial pair. Each basal

sclerite bears a prominent longitudinal crest

up to 0.25 mm in height corresponding to

the right angle curve it makes as it wraps

around the lateral side of the polyp. The

basal sclerites decrease in width toward the

adaxial side where they meet to form a

complete ring but do not fuse. The oper-

culum is prominent, about % the length of

the contracted polyp. The 2 pairs of medials

and the abaxial buccal pair are about the

same length (about 0.75 mm) but progres-

sive wider toward the polyp tip, the buccals

almost encircling the polyp. The second

pair of medial sclerites is largely over-

lapped by the first (more proximal pair).

Like the basals, these body wall sclerites

are also longitudinally ridged along their

midline, corresponding to the right angle

curve around the lateral side of the polyp,

but the ridges are much less prominent, and

in the case of the buccals one or more short-

er accessory ridges may be present. The

buccal scales cover only the basal-most re-

gion of the large opercular scales. The lon-

gitudinal ridges and crests are aligned

among the 4 pairs of body scales, all oc-
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Fig. 14. Distribution of Narella bellissima (circles), N. versluysi (squares), and N. spectabilis (triangle).

curring at the right angle curve leading to

the lateral side of the polyp wall, giving the

polyp a polygonal shape in cross section.

One might expect a corresponding linear

depression on the underside of the sclerite

which would align and allow the ridge of

the more proximal sclerite to slid over it,

but such depressions were not observed. All

body scales are externally ornamented with

fine, smoothly rounded granules arranged in

lines radiating outward from a nucleus near

the center of each sclerite. Two pairs of

well-developed square to rectangular adax-

ial buccal scales are present, the marginal

ones being quite large (up to 0.4 mm in

width) the second pair about half this size,

the distal edges of which are finely serrate.

The adaxial opercular scales are the

smallest of the operculars, shaped as slen-

der triangles but deeply concave exteriorly

(essentially spoon-shaped), up to 0.85 mm

in length and 0.35 mm in basal width (H:W
= 2.4-3.2). Inner- and outer-lateral oper-

culars are slightly longer (up to 1.3 mm in

height and 0.50 mm in greatest width, H:W
about 2.35) and are fairly symmetrical in

shape, also highly concave but not spoon-

shaped. Abaxial operculars are the largest

opercular scales, up to 1.5 mm in length

and unusually narrow (e.g., 0.6 mm, result-

ing in a high H:W of 2.1-2.6). The abaxial

operculars sometimes have two additional

apices in addition to the main apex (Fig.

13A). Thus, all opercular scales are roughly

the same shape, but of increasing size in the

ad- to abaxial direction. They all bear

prominent longitudinal keels on their inte-

rior surfaces. The tentacles contain rotund

granular rodlets up to 0.15 mm in length

and 45 jxm in diameter. The coenenchymal

scales are thin, elongate, more or less im-

bricating, usually with a thin longitudinal
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crest, the crests of those coenenchymal

scales adjacent to polyps being extremely

tall (e.g., up to 0.45 mm).
Etymology.—Latin spectabilis — remark-

able, notable.

Comparisons.—Only one other species

of Narella, N. laxa, has four pairs of large

body wall scales. A^. spectabilis differs from

that species in having longitudinal ridges on

all body wall scales, a closed ring of basal

scales, more slender and deeply concave

opercular scales with a high H:W ratio, and

would appear to be unbranched.

Although N. spectabilis appears to be re-

lated also to A^. studeri (Versluys), A^. parva

(Versluys), and A^. bowersi (Nutting), those

species have only three pairs of body

scales, with crests on only the basal pair.

Distribution.—Known only from the

type locality of The Tongue of the Ocean,

Bahamas (Fig. 14), 1485 m.
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Abstract.—A systematic review of Euglandina singleyana was undertaken

to thoroughly examine shell morphology, allozyme, and mtDNA variation in

specimens of E. singleyana endemic to central Texas. Allozyme similarity

ranged from 95% in the most geographically proximal individuals of E. sin-

gleyana (Val Verde and Real counties) to 82% between the most distant indi-

viduals (Comal and Val Verde counties). DNA sequence similarity, based on

a 397 bp partial 16S mtDNA sequence, ranged from 98% in eastern specimens

(Comal and Kerr counties) to 95% in individuals from Kerr, Real, and Val

Verde counties. Analysis of variation in shell morphology, allozyme similarity,

and mtDNA sequences supports the existence of a single, highly variable, wide-

spread species of Euglandina in central Texas. This study also examines the

validity of E. immemorata, using morphometric and DNA sequence data and

E. exesa, using morphometric data. The morphometric analysis showed that E.

immemorata and E. singleyana differ significantly in shape. The current status

of E. immemorata and E. exesa are also examined.

Euglandina singleyana (Binney, 1892) is

found in a wide variety of habitats along

the southern margin of the Edwards Plateau

in Texas, from Terrell County in the west

to Fayette County in the east, and south to

Refugio County (Fig. 1; Singley 1893, Pils-

bry 1946, Fullington & Pratt 1974, Hu-

bricht 1985). In the eastern part of its range

it is found under rocks and logs in wooded
stream valleys in the limestone of the Ed-

wards Plateau. In the clay and sandy areas

of the Balcones Escarpment, it is restricted

to wooded lowlands. The range of this spe-

cies extends to the western Stockton Pla-

teau where it is found under fallen Yucca

and in rock crevices in desert shrub habitat

dominated by Lechuguilla cactus (Fulling-

ton & Pratt 1974).

A great deal of the historical taxonomic

confusion regarding this species appears to

be related to its relatively wide geographi-

cal range of —250 km, compared to the me-

dian range of land snail distribution of 50

km reported by Solem (1984) and high lev-

el of variation in shell morphology. Shells

collected in the eastern part of the range can

readily be distinguished from those collect-

ed in the western part of the range. One
purpose of this study was to examine vari-

ation in shell morphology of specimens

from throughout the range of the species in

central Texas to determine if there are dis-

tinct differences in western versus eastern

shell morphology or if there is continuous

(clinal) change in shell shape and size

across the range of the species. The purpose

of this study was also to examine allozyme

and DNA sequence variation in individuals

from across the range of the species (Co-

mal, Kerr, Real, and Val Verde counties) to

determine if specimens conforming to the

description of E. singleyana formed a

monophyletic group. This study addresses

the taxonomy of this species from a phy-
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Fig. I. The amended distribution of Euglandina singleyana in Texas. Counties in the historical literature are

shown in gray. Counties added in this study (Blanco, Chambers, Coryell, Kimble, and Uvalde) are shown in

black. Collection localities for allozyme and DNA studies are represented by a black square. Museum localities

listed in the material examined are represented by a black circle. The distribution of this species is not continuous

throughout the highlighted area, but instead occurs in isolated patches of appropriate habitat.

logenetic species concept approach using

both monophyly (sequence analysis) and

diagnosabihty (shell morphometries) crite-

ria (Minton & Lydeard 2003).

The carnivorous land snail genus Eu-

glandina has a problematic taxonomic his-

tory. Von Martens (1901:47) noted that

"many species have been described only

from one or a few examples, and not fig-

ured. In this genus ... it seems to be very

difficult, or rather impossible, to draw a

clear line of distinction between local var-

iations and nearly allied species." In addi-

tion to these problems, Thompson (1987)

also noted that many original descriptions

are scattered among nineteenth century

journals in several languages and often lack

critical details of sculpture of the adult and

embryonic shells.

Euglandina singleyana from central Tex-

as appears typical of this group in having a

history of confusion regarding its identity.

Initially, Roemer (1849) identified speci-

mens from New Braunfels as Glandina

truncata (Gmelin, 1788). Binney & Bland

(1869) later considered Texas specimens to

be Glandina corneola Pfeiffer, 1857. Bin-

ney (1892) described and named this Texas

snail Glandina singleyana. Pilsbry later

(1907) noted that in the Binney (1885)

monograph, shells from Texas were listed

with the name G. decussata (Deshayes,
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Fig. 2. Landmarks used in the geometric morphometric analysis. Numbers 1 and 12 were used as baselines

in all analysis. Number 1 is the most distal point on the columella to Number 12 at the apex of the shell.

1850), the description and figure were of G.

corneola, and the locahty and anatomical

descriptions were those of G. singleyana.

Singley (1893) listed this species as G. de-

cussata var. singleyana. Pilsbry (1907; p.

175) removed all Mexican and mainland

members of Glandina to the genus Euglan-

dina due to taxonomic confusion regarding

the name and types of Glandina and sub-

sequent workers (Pilsbry & Ferriss 1906,

Pilsbry 1907, 1946, Fullington & Pratt

1974, Hubricht 1985) have retained this ge-

neric name.

Euglandina immemorata Pilsbry, 1907 is

another species associated with some de-

gree of taxonomic uncertainty. This species

was described by Pilsbry (1907) on the ba-

sis of two shells from "Texas" (exact lo-

cality unknown). Fullington & Pratt (1974)

stated that the holotype of E. immemorata

is not especially distinct from E. singleyana

but could not be precisely matched by any

material they had seen. They concluded that

E. immemorata is probably E. singleyana

or, if distinct (based on the improved

knowledge of the Texas fauna since 1946)

is probably not a Texas species.

Euglandina exesa Cockerell, 1930 was
described from a single shell found in a

limestone deposit in a cinnabar mine at Ter-

lingua, Brewster County, Texas. Fullington

& Pratt (1974) state that the holotype does

not differ from many western specimens of

E. singleyana. They consider E. exesa to be

simply a western range extension of E. sin-

gleyana.

A systematic review of E. singleyana

was undertaken to thoroughly examine the

observed morphological differences and

add further evidence using genetic tech-

niques. This study also tests the conclusions

of Fullington & Pratt (1974) by examining

the validity of E. immemorata using mor-

phometric and DNA sequence data and E.

exesa using morphometric data.

Materials and Methods

Morphometric analysis.—Programs used

for morphometric analysis are part of the

Integrated Morphometries Package (www.
canisius.edu/~sheets/morphsoft.html) made
available by David Sheets, Miriam Zeld-

itch, and Donald Swiderski. Specimens of

Euglandina singleyana (64), E. immemor-

ata (six—including both type specimens),

and E. exesa (holotype) were examined

(Appendix 1). Twelve landmarks on each

shell were digitized from photographs using

the program tpsDig version 1.31 (F. J.

Rohlf. tpsDig32: Digitize coordinates of

landmarks and capture outlines. http://life.

bio.sunysb.edu/morph/index.html) (Fig. 2).

The landmarks were chosen to be repeat-
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able and homologous (Swiderski 1993)

across all shells, and most landmarks rep-

resent shell sutures (Stone 1998). For each

specimen, digitized landmark coordinates

were transformed to procrustes distances

using partial procrustes superimposition

methods. This was carried out in Coord-

Gen6 (H. D. Sheets, Dept. of Physics, Can-

isius College, 2001 Main St. Buffalo, New
York 14208, sheets@gort.canisius.edu). A
principal component analysis was per-

formed using partial procrustes distances

(PCAGen6e; H. D. Sheets). This program

computes partial warp scores for each spec-

imen, using a procrustes mean specimen

based on all data for comparison. The prin-

cipal components (eigenvectors of the co-

variance matrix) are then calculated based

on the covariance matrix derived from the

partial warp scores. Landmarks 1 and 12

were designated end points and all speci-

mens were standardized according to this

baseline. This transformation to partial

warp scores accomplishes standardization

so that the principal component analysis ex-

amines variation in shape, excluding vari-

ation due to scale, rotation, and translation

(Swiderski 1993, Stone 1998).

A canonical variates analysis was per-

formed using the program CVAGen6 (H. D.

Sheets) to determine the set of axes that al-

lows for the greatest possible ability to dis-

criminate between two or more groups.

This program computes partial warp scores

with reference to a common mean specimen

then performs a multivariate analysis of

variance followed by a canonical variates

analysis. It determines how many distinct

axes there are in the data, {p = 0.05) and

computes the canonical variates scores of

all the specimens. It also uses Mahalanobis

distances to assign specimens to one of the

groups. The single specimen of E. exesa

was coded as an unknown and assigned to

a group based on the canonical variates

axes formed in the prior analysis (CVA-
Gen6; H. D. Sheets). Lastly, a comparison

was performed to determine if there was a

significant difference in shape between E.

singleyana and E. immemorata (Two-
Group6c; H. D. Sheets).

Allozyme analysis.—Each collection lo-

cality of Euglandina singleyana was rep-

resented by one or two specimens. A total

of seven specimens from five collection lo-

calities at —50 km intervals throughout the

geographic range of this species were ex-

amined (Appendix 1).

After collection, individuals were held

without feeding for 7-10 days, then frozen

in cryotubes in liquid nitrogen and stored

in an ultracold freezer (
— 80°C) until anal-

ysis. Samples were homogenized in two

volumes of distilled water using a glass rod

and centrifuged to obtain an aqueous ex-

tract. Procedures for cellulose acetate elec-

trophoresis and staining followed those of

Hebert & Beaton (1993). Gels were pur-

chased from Helena Laboratories Inc.

(Beaumont, Texas), and the buffer used was

tris-glycine pH 8.5. To examine variation

within E. singleyana, scorable data for 19

loci (Table 1) were obtained and analyzed

using Tools for Population Genetic Analy-

sis 1.3 (M. P. Miller. Tools for Population

Genetic Analysis (TFPGA 1.3): A windows

program for the analysis of allozyme and

molecular population genetic data. Com-
puter software distributed by the author.).

To determine genetic similarity, Nei's un-

biased genetic identity was calculated (Nei

1978). An unweighted pair group method

using arithmetic averages (UPGMA) cluster

analysis was then performed using the ge-

netic identity matrix.

DNA sequence analysis.—Twelve tissue

samples were either preserved in 70% eth-

anol or frozen in liquid nitrogen and then

stored in an ultracold freezer at — 80°C. The

outgroup taxa chosen were the closest rel-

atives of Euglandina with sequences avail-

able on GenBank, relationships from Wade
et al. (2001). Total genomic DNA was ex-

tracted from several milligrams of foot tis-

sue by digestion with lysis buffer and Pro-

teinase K and then purified by phenol: chlo-

roform extraction according to standard

procedures (see Palumbi, S., A. Martin, S.
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Romano, W. O. McMillan, L. Stice, & G.

Grabowski. 1991. The Simple Fool's Guide

to PCR. Privately distributed, Honolulu,

Hawaii, 40 pp.)-

Mitochondrial DNA sequences were ob-

tained for an amplified segment of the 1 6S

rDNA gene using 16sar and 16sbr primers

(see Palumbi above). Approximately 10 ng

of genomic DNA provided templates for

double-stranded reactions via the polymer-

ase chain reaction (PCR). PCR reactions

were done in a 50 |jlL solution containing

each dNTP at 0.22 jjlM, each primer at 0.1

|jlM, 1.5 mM MgCU 1 unit Taq DNA poly-

merase, and IX PCR reaction buffer. Re-

actions were amplified for 30 cycles of

92°C for 45 sec, 50°C for 45 sec, and 68°C

for 2 min. Samples were purified and dou-

ble-stranded DNA provided the template

for cycle-sequencing using BigDye (ABI)

chemistry followed by analysis on an

ABI3100 automated sequencer.

Contigs were assembled in Sequenchei^®

4.0.5 (Gene Codes Corporation, Ann Arbor,

Michigan and aligned by eye using BioEdit

(Hall 1999) with reference to secondary

structure models to refine the alignment and

identify regions corresponding to loops and

stems (Lydeard et al. 2000). Sequences were

deposited with Genbank (Accession Num-
bers: AF405235-AF405241, AY149279,
AY167887-AY167889). Aligned sequences

were analyzed using maximum parsimony

with PAUP*4.0blO (Swofford 2002) using a

heuristic search (10 addition replicates). The
following options were used: uninformative

characters were ignored, only minimal trees

were kept, gaps were treated as missing, and

zero length branches were collapsed. A
bootstrap analysis with 1000 iterations was

conducted (Felsenstein 1985). Bremer sup-

port values (Bremer 1994) were calculated

using the Decay function of MacClade 4.03

(Maddison & Maddison 2000).

Results and Discussion

Morphometric analysis.—In the exami-

nation of shell variation within Euglandina

Table 1.—Presumptive enzymatic loci resolved.

Tris-glycine (pH 8.5) was used as the buffer system

for all of the enzymes listed. All stain and buffer rec-

ipes are from Hebert & Beaton (1993).

Enzyme
commission

Enzyme system and abbreviation number

Adenylate Kinase (ADK) 2.7.4.3

Alcohol Dehydrogenase (ADH) 1.1.99.8

Alcohol Oxidase (AOX) 1.1.3.13

Aspartate Aminotransferase (AAT) 2.6.1.1

Glucokinase (GK) 2.7.1.2

Glucose-6-phosphate Dehydrogenase

(G6PDH) 1.1.1.49

Hexokinase (HK) 2.7.1.1

L-Iditol Dehydrogenase (IDDH) 1.1.1.14

Isocitrate Dehydrogenase (IDH) 1.1.1.42

L-lactate Dehydrogenase (LDH) 1.1.1.27

Malate Dehydrogenase (MDH-1 & 2) 1.1.1.37

Malate Dehydrogenase (NADP+)
(MDHP-1 & 2) 1.1.1.40

Nucleoside Phosphorylase (NSP) 2.3.2.1

Phosphoglucomutase (PGM) 5.4.2.2

Phosphogluconate Dehydrogenase

(PGDH) 1.1.1.44

Superoxide Dismutase (SOD) 1.15.1.1

Triosephosphate Isomerase (TPI) 5.3.1.1

singleyana the first principal component

(PCI) accounted for 67.42% of the varia-

tion present in the measurements and PC2
accounted for 9.66% of the variation pres-

ent. A scatterplot, with specimens grouped

by county, comparing the first two principal

component axes, does not show any distinct

groups within E. singleyana (Fig. 3). Shell

variation described by principal component

1 appears to be continuous and the results

of this analysis do not allow E. singleyana

to be separated into groups based on shell

characteristics.

The canonical variates analysis (Fig. 4)

to determine if E. immemorata could be

distinguished from E. singleyana was sig-

nificant, {df = 20, /7 = 3.70685 X 10-^)

with 100% correct reclassification of both

species. A two-group comparison showed

that the shapes of the two species are sig-

nificantly different (Hotelling's T^/= 6.52,

df= 24,45,/? = 3.8316 X lO'^). This resuk

indicates that E. immemorata is morpholog-

ically distinct from E. singleyana. This re-
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Fig. 3. Scatterplot displaying principal component scores of Euglandina singleyana. X-axis is principal

component one, Y-axis is principal component two. Texas counties are represented by the following symbols:

Bexar (asterisk) type-locality. Chambers (circle), Comal (plus sign), Coryell & Travis (star). Hays (square),

Kimble, Uvalde, & Real (hollow triangle), Val Verde (filled triangle), Victoria (X).

suit, along with the discovery of specimens

of E. immemorata in Nuevo Leon, Mexico

(Correo-Sandoval 1993), supports the re-

moval of E. immemorata from Texas faunal

listings.

The unknown assignment test to deter-

mine the placement of E. exesa placed the

single specimen in a cluster formed by E.

singleyana (Fig. 4); however, this result was

not significant {p > 0.001). This species is

represented by only one specimen. There-

fore, this test is not replicable and has little

statistical power. It is interesting that the

CVA placed the specimen of E. exesa with-

in E. singleyana, supporting the statements

of Fullington & Pratt ( 1 974) about this spe-

cies. However, without more evidence,

nothing conclusive can be stated about the

validity of this species.

Allozyme analysis.—The results of this

study reveal a moderate to high degree of

genetic similarity in all specimens of Eu-

glandina singleyana examined across its

range. Seven of 19 loci (MDH-2, MDHP-
2, IDH, LDH, SOD, G6PDH, PGM) were

monomorphic for all specimens. The Val

Verde County specimens exhibited poly-

morphisms at nine enzymatic loci (MDH-1,
MDHP-1, POD, AOX, AAT-1, ADK,
IDDH, ADH, HK), the Real County speci-

mens exhibited polymorphism at six

(MDH-1, MDHP-1, AOX, HK, NSP,

ADH). In the specimens examined, there

were no fixed allelic differences among
populations of E. singleyana across its geo-

graphic range.

Allozyme variation appeared to follow a

general geographic pattern with specimens

having the smallest genetic distance from

their most proximal geographic neighbors

(Fig. 5). Genetic divergence calculated us-

ing Nei's unbiased genetic identity resulted
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Fig. 4. Graph of the canonical variates axes displaying the separation between the means of Euglandina

singleyana and E. immemorata. Plotted as an unknown is E. exesa. Oversized symbols indicate the means. X-

axis is CVA 1, Y-axis i^ CVA 2.

in the most western specimens from Val

Verde County and the Real County speci-

mens displaying a genetic similarity of

94.5%. The Val Verde+Real cluster was ge-

netically similar to the more centrally lo-

cated Kerr County specimen at a level of

89.7%. This cluster is 85.2% similar to the

most eastern specimen from Comal County.

Perez & Strenth (2002) found that spec-

imens of Euglandina texasiana (Pfeiffer,

1857) from collection localities 150 km dis-

tant, in south Texas and northern Tamauli-

pas, had a similarity of 94.5%. In compar-

ison, this study observed 94.5% similarity

between specimens of E. singleyana located

157 km apart, and 85.2% similarity be-

tween the most geographically distant spec-

imens (246 km) from Comal and Val Verde

Counties. Euglandina singleyana was
found to display enzyme polymorphism at

12 of 19 loci examined. This level of allo-

zyme variability is more similar to the re-

sults of studies on Helix aspersa (Selander

& Kauffman 1975) and differs from results

found in Liguus by Hillis et al. (1991) and

Rumina decollata by Selander & Kaufman

(1975), which were notably less variable.

The levels of genetic distance among the

widely separated populations of Euglandina

singleyana are within the range found in

other organisms for genetic divergence be-

tween subspecies (Quicke 1993). However,

there are no fixed differences among the

populations and genetic distance is low be-

tween geographically proximal populations.

This analysis indicates that the specimens

of E. singleyana examined represent a sin-

gle species.

DNA sequence analysis.—The region of

16S mtDNA that was sequenced resulted in
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Fig. 5. A dendrogram of allozyme similarity in Euglandina singleyana produced by UPGMA on a matrix

produced using Nei's unbiased genetic identity.

an aligned data matrix of 397 base pairs of

which 191 were phylogenetically informa-

tive. Phylogenetic analysis of the data using

maximum-parsimony analysis resulted in

three equally parsimonious trees of 480

steps (CI = 0.8646, gl = -2.024336).

These three trees differed only in the place-

ment of the Comal County (eastern) speci-

men relative to the Kerr County specimen.

One topology places the Kerr County spec-

imen (central) sister to the Real+ Devil's

River clade (Central & Western). An alter-

nate topology places the Comal County

specimen in this position, and the final to-

pology describes Comal and Kerr County

specimens as each others' closest relative.

Bootstrap analysis (1000 pseudoreplicates)

of the aligned data matrix using maximum-
parsimony produced the tree shown in Fig.

6. Euglandina singleyana forms a mono-
phyletic group. The sister taxon to E. sin-

gleyana is the specimen of Euglandina

from Northern Coahuila. Also outside this

grouping is E. corneola from Tamaulipas,

Mexico. Pairwise sequence identity was

calculated for each clade. Within the Val

Verde County cluster (Devil's River and

Comstock) there is 98-100% sequence sim-

ilarity. The two Real County specimens had

identical 16S sequences (=100% similari-

ty). Sequence similarity between Kerr

County and Comal County was 97%. All

possible combinations of pairwise compar-

isons were performed with a minimum sim-

ilarity of 95% among specimens from Kerr

and Real County. The two specimens of E.

immemorata formed a group apparently not

closely related to E. singleyana.

Both allozyme and sequence analyses

show an interesting geographic pattern with

populations most closely related to their

geographically proximal neighbors. This

pattern of strong geographic structuring is

often seen in land snail species (Thomaz et

al. 1996, Schilthuizen et al. 1999). Thomaz
et al. (1996) examined geographic variation

within Cepea nemoralis and Helix aspersa

and found very high levels of sequence di-

vergence (12%) within these species of land

snails. The authors conclude that the most

likely explanation for the observed levels of

divergence is the population structure of

land snails with low dispersal and large

populations divided into infrequently inter-

acting demes.

Avise et al. (1987) presents several tests

of this hypothesis, one of which is: phylo-

genetic differentiation between long sepa-

rated demes should be reflected in nuclear

as well as mitochondrial assays. The con-

gruence of the allozyme and mitochondrial

data in the present study appear to fulfill
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Fig. 6. Strict consensus of three most parsimonious trees of partial 16S mtDNA sequences of specimens of

Euglandina singleyana from Comal, Kerr, Real, and Val Verde counties. Numbers above the branches are

bootstrap support percentages (1000 pseudoreplicates). Numbers below the branches are Bremer's support values.

this requirement, lending credence to the

idea that the specimens of E. singleyana ex-

amined in this study represent a single spe-

cies. The present study does not have

enough samples to conclusively examine

geographic partitioning within this species;

however, there does appear to be some geo-

graphic structure in the data.

Although sample sizes were low, they

appear to be adequate to address the ques-

tions posed in this research. Euglandina

singleyana is considered to be an uncom-

mon species (Singley 1893; Neck 1984,

1988), and the area where they are found is

rapidly being disturbed ecologically due to

a growing human population. As a result of

their very specialized feeding habits, rarity,

habitat preferences, and human activities.
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the live specimens examined during this

study represent a significant collection of

living specimens of Euglandina singleyana.

Conclusions

All of the analyses, including morpho-

metric, allozyme, and mtDNA sequences,

support the premise that Euglandina sin-

gleyana is a single, widespread, highly var-

iable species. Both allozyme and DNA se-

quence results indicate that there are some
detectable genetic geographic patterns with-

in E. singleyana, as well as the observable

morphological gradient across the range of

this species. The geographically most dis-

tant specimens are the most genetically dis-

similar and geographically proximal speci-

mens are more similar.

The results of the morphometric and se-

quence analyses indicate that E. immemor-

ata is distinct from E. singleyana. This re-

sult, combined with the recent discovery of

specimens of E. immemorata from Nuevo
Leon, Mexico leads to the conclusion that

E. immemorata should be removed from

Texas faunal listings. The taxonomic place-

ment of Euglandina exesa could not be de-

finitively determined.
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Appendix 1

Material Examined and Distribution

Morphometric Analysis

Euglandina singleyana (64): The number of speci-

mens of each lot that were used follows the museum
catalog number in parenthesis (all undamaged shells

with 5 or more whorls were used). Field Museum of

Natural History: 29 specimens: FMNH 22347 (1),
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30850 (2), 36309 (5), 5001 1 (4), 58295 (3), 62416 (6),

74849 (1), 78560 (2), 98199 (2), 109097 (1), and

175899 (1). The Academy of Natural Sciences of Phil-

adelphia: 22 specimens: ANSP 186729 (1), 186731

(1), 346372 (3), 84622 (2), 104753 (1), 4312 (1),

84637 (1), 158379 (1), 134180 (4), 76849 (3), 150798

(1), 76837 (1) topotype, 186733 (1), and 87425 (1).

Angelo State Natural History Collection: 13 speci-

mens, individually numbered: (ASNHC 0008-0014,

042, 044-048).

Euglandina immemorata (6): FMNH Will (1),

4359 (1) locality unknown, types; Florida Museum of

Natural History 189621 (1), Nuevo Leon, Mexico,

Santiago, 1 km. N of Laguna de Sanchez. University

of Alabama Gastropod Collection, 3 specimens, indi-

vidually numbered: 632-634, Nuevo Leon, Mexico

25°23'00.9"N; 100°14'28.6"W, 1 km N of Laguna de

Sanchez.

Allozyme Analysis

Euglandina singleyana (7): Specimens used in this

analysis are deposited in the Strecker Museum of Nat-

ural History, (SMNH) Baylor University (Accession

Number 2001 -A- 1-1; Catalog Numbers SM32439-

SM32446). (1) Landa Park, New Braunfels, Comal

County, Texas; (1) Kerrville, Kerr County, Texas; (2)

9 miles N of Leakey, Real County, Texas; (2) Devil's

River State Natural Area (DRSNA), Val Verde County,

Texas; (1) Comstock, Val Verde County, Texas. Rab-

dotus alternatus from Val Verde County was selected

as an outgroup.

\,

DNA Sequence Analysis

The same specimens listed in the above section on

allozyme analysis provided the tissue samples which

were used in the sequence analysis. Additionally in-

cluded were a specimen of an unidentified Euglandina

from La Cuesta in Northern Coahuila; Euglandina cor-

neola from 4 miles SW of Mante, Tamaulipas, Mexico;

2 specimens of E. immemorata from Nuevo Leon,

Mexico 25°23'00.9"N; 100°14'28.6"W, 1 km N of La-

guna de Sanchez; and one specimen of E. rosea from

Lake County, Florida 28°30'53"N; 8r44'15"W.

Euhadra amaliae (AF098712), Phaeohelix phaeo-

gramma (AF098714), and Nesiohelix omphalina

(AF098713) sequences from Chiba (1999) were used

as outgroups.

Distribution

Strecker (1935) listed Euglandina singleyana as oc-

curring in Bexar, Caldwell, Comal, Goliad, Hays,

Travis, Victoria, Atascosa, Frio, Gonzales, Guadalupe,

and Wilson counties. McGee (1971) added Bandera,

Fayette, Kendall, Kerr, Kinney, Val Verde, Medina,

and Real counties. Cheatum et al. (1972) added Terrell

County to the distribution. Collections by the authors

and examinations of museum specimens from the

Academy of Natural Sciences in Philadelphia and the

Field Museum of Natural History during this study add

Uvalde, Kimble, Chambers, Coryell, and Blanco coun-

ties to the known distribution (Fig. 1).

County records.—FMNH 78560, Horse Creek, Cor-

yell Co., Texas; FMNH 98199, Galveston, Chambers

Co., Texas; FMNH 210, 103/1, River Drift, Pedernales

Falls State Park, Blanco Co., Texas; ANSP 186731,

Garner State Park, Uvalde Co., Texas; ANSP 186727,

Roadside Park, Nueces River W of Uvalde, Uvalde

Co., Texas; ANSP 186733, Llano River, Highway 29,

12 miles S of Junction, Kimble Co., Texas.
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Redescription of adults and description of copepodid development of

Dermatomyzon nigripes (Brady & Robertson, 1876) and of

Asterocheres lilljeborgi Boeck, 1859

(Copepoda: Siphonostomatoida: Asterocheridae)

V. N. Ivanenko and Frank D. Ferrari

(VNI) Department of Invertebrate Zoology, Biology Faculty, Moscow State University,

Moscow 119 899, Russia;

(FDF) Department of Systematic Biology, National Museum of Natural History, Smithsonian

Institution, Museum Support Center, 4210 Silver Hill Rd., Suidand, Maryland 20746, U.S.A.

Abstract.—Adult and immature copepodids of Dermatomyzon nigripes (Bra-

dy & Robertson, 1876) 3nd Asterocheres lilljeborgi Boeck, 1859 were collected

by SCUBA from the White Sea. All copepodids of D. nigripes were found on

the bryozoan Flustra foliacea (Linnaeus, 1758); adults of D. nigripes also were

washed out from the sponge Halichondria panicea (Pallas, 1766), the ophiuroid

Ophiopholis aculeata (Linnaeus, 1767), and were collected among hydrozoans

and other invertebrates from dead shells swept by tidal currents. Copepodids

of A. lilljeborgi were washed from the starfish Henricia sanguinolenta (O. F.

Miiller, 1776). Comparative analysis of development of D. nigripes and A.

lilljeborgi with the related Scottomyzon gibberum (Scott & Scott, 1894) shows

that both genders of A. lilljeborgi and S. gibberum suppress the formation of

fourth abdominal somite. Females of A. lilljeborgi and D. nigripes develop a

simple segmental complex when the arthrodial membrane separating the genital

somite from the second abdominal somite fails to form; this arthrodial mem-
brane develops on females of S. gibberum so that there is no genital complex.

The antennule of A. lilljeborgi with a single, proximal complex of three seg-

ments appears most similar to the ancestral siphonostomatoid. The antennule

of D. nigripes has a proximal complex of two segments and a distal complex

of three segments; the antennule of S. gibberum has a proximal complex of

three segments and a distal complex of four segments. Setation of the maxil-

liped of D. nigripes and A. lilljeborgi are identical and appear similar to the

ancestral siphonostomatoid; the maxilliped of S. gibberum differs in that it fails

to add a seta to its syncoxa and loses a seta on the penultimate endopodal

segment. Asterocheres lilljeborgi and S. gibberum share derived states of se-

tation on the exopod of swimming legs 1—4, leg 5 and leg 6; D. nigripes and

S. gibberum share derived states of setation on the endopod of swimming legs

3 and 4.

Copepods belonging to the family Aster- asterocherids have been described from

ocheridae Giesbrecht 1899 have been col- shallow marine waters, and five from deep

lected as free-living from the benthopelagic waters. Four of the five deep water genera

zone, or from benthic samples taken in as- are found in galls of corals (Stock 1981,

sociation with cnidarians, echinoderms, 1984); the monotypic genus Cheramomy-
sponges, ascidians and bryozoans from all zon Humes, 1989 is found in deep water

oceans of the world. Forty of 45 genera of seeps off Florida. In addition, one species
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of the shallow water genus Collocherides

Canu, 1893 has been collected from a deep

water hydrothermal vent in the northeast

Pacific Ocean (Humes 1999). The family

Asterocheridae and the deep water hydro-

thermal vent family Dirivultidae Humes &
Dojiri, 1980 share character states often

considered ancestral for the order Siphon-

ostomatoida in phylogenetic analyses of co-

pepod orders (Ho 1990, Huys & Boxshall

1991, Martinez Arbizu 2003). Detailed de-

scriptions of development of asterocherid

species are essential in analyzing the ances-

tral states, transformations, and homologies

of characters of that order and of the sub-

class Copepoda. Ivanenko et al. (2001) pro-

vide the only description of development of

a siphonostomatoid, Scottomyzon gibberum

(Scott & Scott, 1894), associated with an

invertebrate, the starfish Asterias rubens

Linnaeus, 1758. Scottomyzon gibberum pre-

viously was included in Asterocheridae, but

was placed in Scottomyzontidae by Ivanen-

ko et al. (2001). In the present paper, adults

are redescribed and all juvenile copepodid

stages are described of Dermatomyzon ni-

gripes (Brady & Robertson, 1876) and As-

terocheres lilljeborgi Boeck, 1859, both

collected from the White Sea. Dermato-

myzon nigripes is the only species of the

genus. Asterocheres lilljeborgi is the oldest

of 60 nominal species in its genus, and tax-

onomic studies of the genus have been pub-

lished continuously since its discovery.

Methods

All measurements and dissections were

made for copepodids from the Karelian

coast of the Gulf of Kandalaksha, White

Sea, near the Marine Station of Moscow
State University, 66°3rN, 33°07'W. Ben-

thic invertebrates were collected individu-

ally in plastic bags during SCUBA dives

from 5-25 m. About five volumes of fresh

water were added to one volume of the sea-

water in the plastic bag with invertebrates

for 30 min. The bag was agitated and the

water passed through a 20 micron mesh net.

Copepodids conforming to stages I-VI
were recovered from these net samples and

fixed with 70% ethanol; no nauplii were

collected. Copepodids were cleared in lactic

acid following the method of Humes &
Gooding (1964), and stained by adding a

solution of chlorazol black E dissolved in

70% ethanol/30% freshwater (Ferrari

1995). Drawings were made with a camera

lucida.

The first to sixth copepodid stages are

CI-CVI. Thoracic somites are abbreviated

Th; abdominal somites are Abd. CR is the

caudal ramus. Somites are numbered ac-

cording to their relative developmental age

following Hulsemann (1991); thoracic so-

mites and abdominal somites, except the

most posterior anal somite, increase in age

and decrease in numeral designation ante-

riorly. The anal somite bearing the caudal

rami is designated as the first abdominal so-

mite because developmentally it is the old-

est abdominal somite. The first thoracic so-

mite bears the maxilliped; the genital open-

ings are found on the seventh thoracic so-

mite.

The number of segments of the antennule

often are difficult to determine because the

arthrodial membrane separating segments

may be very thin and difficult to observe;

armament of an antennular segment is giv-

en as "setae + aesthetascs". Although pat-

terning of copepod swimming legs during

development are only incompletely known,

the model of proximal patterning (Ferrari &
Benforado 1998) is followed here. Ramal

segments of swimming legs 1-4 (thoraco-

pods 2-5) are referred to by their presen-

tation during development (Ferrari 1995).

The terms "seta" and "spine" are used for

articulating cuticular elements connected by

an arthrodial membrane to an appendage

segment; setae appear to be less rigid than

spines. In order to maintain continuity

among descriptive publications, tables of

setae and spines on swimming legs 1-4 in

the descriptive section follow the formula

introduced by Lang (1934). In the formula,

Roman numerals indicate spines and Arabic
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numerals are setae. Numerals to the left of

a comma or dash indicate lateral elements;

numerals between two commas are terminal

elements, and numerals to the right of a

comma or dash are medial elements. A
semicolon separates ramal segments and an

asterisk indicates that the segment is absent.

It should be noted, however, that this kind

of formula is not derived from the way a

swimming leg is patterned during devel-

opment, in which the distal arthrodial mem-
brane of a segment is formed one copepod-

id stage later than the formation of the ini-

tial seta of the segment (Ferrari & Benfor-

ado 1998). Thus, setal and segmental

homologies cannot be determined correctly

from the formula. Setules are epicuticular

extensions of a seta; denticles are epicutic-

ular extensions of an appendage segment;

spinules are epicuticular extensions of a so-

mite. Only authors who have contributed

descriptions and/or illustrations are cited in

the synonymy section.

Dermatomyzon nigripes (Brady &
Robertson, 1876)

Figs. 1-8

Dermatomyzon nigripes Brady and Robert-

son, 1876.—Giesbrecht, 1899:77-78, pi.

1, fig. 4, pi. 5, figs. 1-14.—Sars, 1914:

95-97, pis. 59, 60.—Lang, 1949:5, fig.

8.—Eiselt, 1965:155-158, fig. 3A-J.—
Boxshall, 1990:537-539, figs. 9-11.—
Gotto, 1993:166, figs. 40P-Q, 41A-D.

Dermatomyzon giesbrechti Brady, 1910:

574-577, textfigure 60, pi. 58, fig. 11.

Dermatomyzon nigripes giesbrechti Brady,

1910.—Eiselt, 1965:155.

Dermatomyzon elegans Claus, 1889:351,

pi. 6.

Dermatomyzon herdmani Brady, 1910:575,

fig. 61.

Cyclopicera nigripes Brady & Robertson,

1876:197.—Brady, 1880:54-56, pi. 89,

figs. 1-11.—Thompson, 1893:36, pi. 25,

fig. 7.

Ascomyzon thorelli Sars, 1880:474-75.

CVI female (Fig. lA, B).—Body length

range 1.20-1.36 mm (based on 3 speci-

mens); average length of prosome 0.84 mm;
maximum width of prosome 0.62 mm;
length of urosome 0.46 mm; length of gen-

ital complex 0.15 mm; width of genital

complex 0.17; ratio of length to width of

prosome 1.4; ratio of length of prosome to

length of urosome 1.8.

Prosome (Fig. lA, B): 4 articulating sec-

tions; 1st a complex of 5 cephalic somites

plus Thl, 2; Th3-5 articulating.

Urosome (Fig. IC, D): 5 articulating sec-

tions; Th6, genital complex of Th7 fused to

Abd2 [an unsclerotized area separates an-

terior neck from remaining part of Th7],

Abd3, 4, 1 articulating. On genital complex,

paired copulatory pores ventral-lateral to

oviducal openings; paired oviducal open-

ings dorsal.

Egg sacs spherical with up to 8 eggs (Fig.

IF).

Rostrum (Fig. IB): Pointed in lateral

view.

Oral cone (Fig. IE): Beak-like.

Antennule (Fig. IG, H): 19 articulating

segments with 1, 2, 4, 2, 2, 2, 2, 6, 1, 2, 2,

2, 2, 2, 2, 2, 2+1, 1, 11.

Antenna (Fig. II): Coxa and basis with-

out setae; basis with denticle. Exopod 1-

segmented with 1 terminal seta and 1 prox-

imal seta. Endopod 2-segmented; 1st seg-

ment with denticles; 2nd segment with den-

ticles and 5 setae, largest thick and with

curved tip.

Mandible (Fig. IJ): Gnathobase 2X
length of palp, tapering and slightly curved

distally with denticles; 1 -segmented palp

with denticles and 2 terminal setae.

Maxillule (Fig. IK): Inner lobe bearing

several series of denticles and armed with

5 setae; outer lobe articulating proximally,

with 1 short and 2 long setae terminally and

1 long subterminal seta.

Maxilla (Fig. 2C): Apparently 2-seg-

mented subchela; 1st segment with proxi-

mal asthetasc; 2nd segment curved and

pointed distally with indistinct arthrodial

membranes at distal 3rd and distal 6th of
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Fig. 1. Dermatomyzon nigripes (Brady & Robertson, 1876), CVI Female: A, habitus, dorsal; B, habitus,

lateral; C, urosome, ventral; D, urosome, dorsal; E, labrum, anterior; F, eggs; G, antennule, segments 1-11; H,

antennule, segments 12-19; I, antenna; J, mandible; K, maxillule. Scale line 1 is 0.1 mm for A, B; line 2 is 0.1

mm for C, D; line 3 is 0.1 mm for E, G-K; line 4 is 0.1 mm for F

its length, with small, inner seta and several

sets of denticles.

Maxilliped (Fig. 2A, B): Short, syncoxa

with 1 inner seta, long basis with 1 inner

seta on medial margin; endopod of proxi-

mal, short, apparently subdivided section

with 1 medially and 2 distally polarized se-

tae, and distal segment with 2 terminal se-

tae, largest thick and claw-like.

Swimming legs 1-4 (Fig. 2D-G): Bira-

mal, with 3-segmented rami; all with inter-

coxal sclerite and 2-segmented protopods.

Formula for spines and setae (Table 1). Dis-

tal exopodal seta adjacent to terminal spine

of swimming legs 3—4 very small.

Leg 5 (Fig. 21): Basis not articulating

with somite and bearing medial denticle

and lateral seta; exopod elongate with 1 thin
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Fig. 2. Dermatomyzon nigripes (Brady & Robertson, 1876), CVI Female: A, maxilliped; B, proximal part

of endopod of maxilliped, posterior; C, maxilla; D, swimming leg 1; E, swimming leg 2; F, swimming leg 3;

G, swimming leg 4; I, leg 5. Dermatomyzon nigripes CVI male: H, swimming leg 3, distal segment of endopod.

Scale line 1 is 0.1 mm for A; line 2 is 0.05 mm for B; line 3 is 0.1 mm for C-G; line 4 is 0.05 mm for H, I.

Table 1.—Spines and setae on swimming legs \—^ of Dermatomyzon nigripes CVI female.

Coxa Basis
Exopod

2nd; 3rd; 1st

Endopod
2nd; 3rd; Isl

Leg 1 0-1 1-1 I-l; I-l; III, 1, 4

Leg 2 0-1 1-0 I-l; I-l; III, I, 5

Leg 3 0-1 1-0 I-l; I-l; III, I, 5

Leg 4 0-1 1-0 I-l; I-l; III, I, 5

0-1; 0-2

0-1; 0-2

0-1; 0-2

0-1; 0-2

1, 2, 3

I, 2, 3

1, I, 3

1, I, 2
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Fig. 3. Dermatomyzon nigripes (Brady & Robertson, 1876), CVI Male: A, habitus, dorsal; B, urosome,

dorsal; C, antennule; D, maxilliped. Dermatomyzon nigripes CV Male: E, habitus, dorsal. Dermatomyzon ni-

gripes CV Female: F, habitus, dorsal; G, urosome, ventral; H, antennule. Scale line 1 is 0.1 mm for A, E, F;

line 2 is 0.1 mm for B; line 3 is 0.1 mm for H; line 4 is 0.1 mm for D, G; line 5 is 0.1 mm for C.
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and 2 thick unarmed setae laterally and 2

longer setae with setules medially.

Leg 6 (Fig. ID): 1 long, thin seta and 2

very small setae near oviducal opening.

CR (Fig. IC, D): Subquadrate with den-

ticles and 1 lateral, dorsal seta, 1 medial

dorsal seta, and 4 terminal setae.

CVI male (Fig. 3A).—Differs from CVI
female as follows: Body length range 0.90-

1.08 mm (based on 3 specimens); average

length of prosome 0.59 mm; maximum
width of prosome 0.42 mm; length of uro-

some 0.33 mm; ratio of length to width of

prosome 1.4; ratio of length of prosome to

length of urosome 1.8.

Urosome (Fig. 3B): 6 somites; Th7 artic-

ulating with Abd2; copulatory pore ventro-

lateral.

Antennule (Fig. 3C): 17 articulating seg-

ments with: 1 + 1, 2+1, 4+ 2, 2+1, 2, 2+1,

2, 6+3, 1, 2+1, 2, 2+1, 2, 2+1, 3, 3 + 1,

10. Geniculation between articulating seg-

ments 16 and 17; articulating segments 14-

17 arc-like with articulating segment 15

flexed ventrally toward segment 14 and ar-

ticulating segment 16 flexed ventrally to-

ward segment 15.

Maxilliped (Fig. 3D): Basis with raised

pad-like section proximally and medially.

Swimming leg 3 (Fig. 2H): Tip of lateral

seta of distal endopodal segment not reach-

ing to apex of terminal spine; segmental at-

tenuation proximal to lateral seta points me-

dially, not distally.

Leg 6 (Fig. 3B): 3 distolateral setae.

CVfemale (Fig. 3F).—Differs from CVI
female as follows: Body length range 0.98-

1.00 mm (based on 2 specimens); average

length of prosome 0.67 mm; maximum
width of prosome 0.47 mm; length of uro-

some 0.32 mm; ratio of length to width of

prosome 1.4; ratio of length of prosome to

length of urosome 2.1.

Urosome (Fig. 3G): 5 articulating sec-

tions; Th6, 7, Abdl-3 articulating. Th7
without copulatory pores or oviducal open-

ings.

Antennule (Fig. 3H): 1 1 articulating seg-

ments with 1, 2, 11, 2, 6, 1, 3, 8, 4, 2+1,

12.

Leg 6 (Fig. 3G): 3 distolateral setae.

CVmale (Fig. 3E).—Differs from CV fe-

male as follows: Body length range 0.73-

0.74 mm (based on 2 specimens); average

length of prosome 0.49 mm; maximum
width of prosome 0.33 mm; length of uro-

some 0.25 mm; ratio of length to width of

prosome 1.5; ratio of length of prosome to

length of urosome 2.0.

Antennule: 1 1 articulating segments with

1, 2, 10, 2, 6, 1, 3, 8, 4, 2+1, 12.

CIV (Fig. 4A).—Differs from CV female

as follows: Body length range 0.65-0.72

mm (based on 2 specimens); average length

of prosome 0.48 mm; maximum width of

prosome 0.32 mm; length of urosome 0.21

mm; ratio of length to width of prosome

1.5; ratio of length of prosome to length of

urosome 2.3.

Urosome (Fig. 4B): 4 articulating sec-

tions; Th6, 7, Abd2, 1 articulating.

Antennule (Fig. 4C): 9 articulating seg-

ments with 1, 6, 1, 5, 2, 8, 4, 2+1, 12.

Antenna (Fig. 4D), maxillule (Fig. 4E)

and maxilliped (Fig. 4F, G): As illustrated.

Swimming legs 1-4 (Figs. 4H, I; 5A, B):

Small, distal seta adjacent to terminal spine

of the exopod of swimming legs 3-4. For-

mula for spines and setae (Table 2).

Leg 5 (Fig. 4B): Basis not articulating

with somite and bearing lateral seta; exopod

elongate with 1 thin, unarmed seta medial-

ly, 1 thick, unarmed seta laterally and 1 ter-

minal seta with setules.

Leg 6 (Fig. 4B): 2 distal setae.

cm.—Differs from CIV female as fol-

lows: Body length 0.51 mm (based on 1

specimen); length of prosome 0.36 mm;
maximum width of prosome 0.26 mm;
length of urosome 0.15 mm; ratio of length

to width of prosome 1 .4; ratio of length of

prosome to length of urosome 2.4.

Urosome (Fig. 5C, D): Th6, 7, Abdl ar-

ticulating.

Antennule (Fig. 5G): 8 articulating seg-

ments with 2, 3, 4, 1, 4, 2, 2+1, 11.
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Fig. 4. Dermatomyzon nigripes (Brady & Robertson, 1876), CIV Female: A, habitus, dorsal; B, urosome,

ventral; C, antennule; D, antenna; E, maxillule; F, maxilliped; G, maxilliped, proximal part of endopod, posterior;

H, swimming leg 1; I, swimming leg 2. Scale line 1 is 0.1 mm for A; line 2 is 0.05 mm for B, C, H, I; line 3

is 0.05 mm for D-G.

Antenna (Fig. 6B) and mandible (Fig.

6A): As illustrated.

Maxillule (Fig. 6C): Outer lobe with 3

setae; inner lobe with 4 setae.

Maxilla (Fig. 6D): 3-segmented with in-

distinct arthrodial membrane distally.

Maxilliped (Fig. 6E): Proximally, endo-

pod indistinctly segmented with 1 seta.

Swimming legs 1-4 (Fig. 6F-I): Swim-
ming legs 1-3 with 2-segmented rami,

swimming leg 4 with 1 -segmented rami.

Distal exopodal seta adjacent to terminal
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Table 2.—Spines and setae on swimming legs 1^
of Dermatomyzon nigripes CIV female.

Coxa Basis

Exopod
2nd; 3rd; 1st

Endopod
2nd; 3rd; 1st

Leg 1 0-1 1-1 I-l; *; III, 5 0-1; *; 1, 2, 5

Leg 2 0-1 1-0 I-l; *; III, 1, 5 0-1; *; 1, 2, 5

Leg 3 0-1 1-0 M;*;III, I, 5 0-1; *; 1, I, 4

Leg 4 0-1 1-0 I-O; *; III, I, 5 0-1; *; 1, I, 3

Spine of swimming legs 3, 4 tiny. Formula

for setae and spines (Table 3).

Leg 5 (Fig. 5E): A unilobe ventrolateral

bud with 1 distal spine and 1 distal seta.

CR (Fig. 5F): As illustrated.

C//.—Differs from CIII as follows: Body
length 0.4 mm (based on 1 specimen);

length of prosome 0.29 mm; maximum
width of prosome 0.19 mm; length of uro-

some 0.13 mm; ratio of length to width of

prosome 1.5; ratio of length of prosome to

length of urosome 2.2.

Prosome (Fig. 7A, B): 3 articulating sec-

tions; 1st complex of 5 cephalic somites

plus Thl, 2; Th3, 4 articulating.

Urosome (Fig. 7A, B): Th5, 6, Abdl ar-

ticulating.

Antennule (Fig. 7D): 6 articulating seg-

ments with 2, 3, 3, 1, 1 + 1, 11.

Antenna (Fig. 7E), mandible (Fig. 7H)

and maxilla (Fig. 7F): As illustrated.

Maxillule (Fig. 71): Inner lobe with 3 se-

tae.

Maxilliped (Fig. 7G): Syncoxa without

seta, basis without seta; proximal section of

endopod with 1 distally polarized seta and

1 medial seta; distal segment with 2 ter-

minal setae, 1 claw-like.

Swimming legs 1-3 (Fig. 7K-M): Swim-
ming legs 1-2 with 2-segmented rami,

swimming leg 3 with 1 -segmented rami.

Tiny distal seta adjacent to terminal spine

of the exopod of swimming leg 3. Formula

for spines and setae (Table 4).

Swimming leg 4 (Fig. 7C): A ventrolat-

eral, bilobe bud; dorsal lobe with 1 distal

spine and 1 distal seta; ventral lobe un-

armed.

CR (Fig. 7J): As illustrated.

CI.—Differs from CII as follows based

on 1 specimen: length 0.36 mm; maximum
width 0.16 mm; length of prosome 0.22

mm, urosome 0.14 mm; ratio of length to

width 2.25:1; ratio of length of prosome to

that of urosome 1.65:1.

Prosome (Fig. 8A, B): 2 articulating sec-

tions; 1st, complex of 5 cephalic somites

plus Thl, 2; Th3 articulating.

Urosome (Fig. 8A, B): Th4, 5, Abdl ar-

ticulating.

Antennule (Fig. 8E): 4 articulating seg-

ments with 2, 2, 1, 11 + 1.

Antenna (Fig. 8F), mandible (Fig. 8G),

maxillule (Fig. 8H) and maxilla (Fig. 81):

As illustrated.

Maxilliped (Fig. 8L): Syncoxa and basis

unarmed. Endopod of 2 distinct segments;

proximal segment with 1 medial seta and

distal segment with 2 setae.

Swimming legs 1-2 (Fig. 8J, K): 1-seg-

mented rami. Formula for spines and setae

(Table 5).

Swimming leg 3 (Fig. 8C): Ventrolateral,

bilobe bud; dorsal lobe with 1 distal spine

and 1 distal seta; ventral lobe unarmed.

CR (Fig. 8D): Inner terminal seta lon-

gest; remaining terminal setae decreasing in

length from inner to outer.

Remarks.—The monotypic genera Der-

matomyzon Claus, 1889, Australomyzon

Nicholls, 1944, and Cheramomyzon Hu-

mes, 1989 share appendage segmentation

and segmental armature with species of

Rhynchomyzon Giesbrecht, 1895. Females

of Dermatomyzon with a 19-segmented an-

tennule differ from females of Australo-

myzon with a 21 -segmented antennule. Fe-

males of Dermatomyzon differ from fe-

males of the poorly-diagnosed Rhyncho-

myzon with antennules of between 14 and

16 segments, by the well-developed ros-

trum or by the posterolateral extensions of

thoracomeres 3 and 4. The mandibular palp

of Cheramomyzon is 2-segmented but 1-

segmented in Dermatomyzon. The fifth leg

of Australomyzon is 1 -segmented but 2-seg-

mented in Dermatomyzon. Dermatomyzon
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Fig. 5. Dermatomyzon nigripes (Brady & Robertson, 1876), CIV Female: A, swimming leg 3; B, swimming

leg 4. Dermatomyzon nigripes CIII: C, habitus, dorsal; D, habitus, lateral; E, leg 5; F, caudal ramus, dorsal; G,

antennule. Scale line 1 is 0.1 mm for C, D; line 2 is 0.05 mm for A, B; line 3 is 0.05 mm for E-F; line 4 is

0.05 mm for G.

nigripes initially was described from the

North Sea coast of England. Subsequently

it has been reported from areas adjacent to

the North Sea (Hansen 1923, Stephensen

1929, Jespersen 1940, Lang 1949), the

Mediterranean Sea (Giesbrecht 1899), the

Arctic Ocean (Shih et al. 1971), the Indian

Ocean (Sewell 1949, Ummerkutty 1966),

the Pacific Ocean (Boxshall 1990), and the

Southern Ocean (Brady 1910). In the White

Sea, copepodids of D. nigripes were found

on the bryozoan Flustra foliacea (Linnaeus,
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Fig. 6. Dermatomyzon nigripes (Brady & Robertson, 1876), CIII: A, mandible; B, antenna; C, maxillule; D,

maxilla; E, maxilliped; F, swimming leg 1; G, swimming leg 2; H, swimming leg 3; I, swimming leg 4. Scale

line is 0.05 mm.
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Table 3.—Spines and setae on swimming legs 1-4

of Dermatomyzon nigripes CIII.

Coxa Basis

Exopod
2nd; 3rd; 1st

Endopod
2nd; 3rd; 1st

Leg 1 0-1

Leg 2 0-1

Leg 3 0-1

Leg 4 0-0

1-1 M; *; III, 4

1-0 I-l; *; III, I, 5

1-0 I-O; *; II, I, 4

1-0 *; *; III, I, 3

0-1; *; 1, 2, 5

0-1; *; 1, 2, 4

0-1; *; 1, I, 3

*; *; 1, I, 3

Table 4.—Spines and setae on swimming legs 1-3

of Dermatomyzon nigripes CII.

Leg 1

Leg 2

Leg 3

Coxa Basis
Exopod

2nd; 3rd; 1st

Endopod
2nd; 3rd; 1st

0-1

0-1

0-0

1-1

1-0

1-0

I-O; *; III, 5

I-O; *; II, I, 4

*; *; III, I, 3

0-1; *; 1, 2, 4

0-1; *; 1, 2, 3

*; *; 1, I, 3

1758). A small number of adults of D. ni-

gripes were washed from the sponge Hali-

chondria panicea (Pallas, 1766) and the

echinoderm Ophiopholis aculeata (Linnae-

us, 1767). Adults also were collected

around hydrozoans and other invertebrates

from bottom covered by dead shells

scoured by strong tidal currents. These find-

ings suggest that adults of D. nigripes may
be an unspecialized symbiont associated

with different invertebrates of the White

Sea sublittoral. However, immature cope-

podids of D. nigripes, along with other co-

pepods, were associated only with Flustra

foliacea (see Ivanenko & Smurov 1997)

suggesting that the bryozoan may be the

preferred host of the immature copepodids.

Asterocheres lilljeborgi Boeck, 1859

Figs. 9-18

Asterocheres lilljeborgi Boeck, 1859:176,

pi. 2, figs. 1-11.—Brady, 1880:64-65.—

Canu, 1892:264, pi. 27, figs. 1-6.—Gies-
brecht, 1899:70, 73, pi. 3, figs. 21-26.—
Wilson, 1944:547, pi. 30, figs. 161-

162.—Roettger et al. 1972:259, figs. 1-

9.—Gotto, 1993:153, fig. 36 B-J.

Ascomyzon asterocheres Sars, 1914:85-87,

pis. 51-52.

CVI female.—Body length range 1.41-

1.47 mm (based on 3 specimens); average

length of prosome 0.99 mm; maximum
width of prosome 1.09 mm; length of uro-

some 0.44 mm; length of genital complex

0.16 mm; width of genital complex 0.21;

ratio of length to width of prosome 0.9; ra-

tio of length of prosome to length of uro-

some 2.3.

Prosome (Fig. 9A): Flattened dorsoven-

trally with tergites pointed posteriorly; 4 ar-

ticulating sections; 1st complex of 5 ce-

phalic somites plus Thl, 2 with spinules;

Th3-5 articulating.

Urosome (Fig. 9B): 4 articulating sec-

tions; Th6, genital complex of Th7 fused to

Abd2, Abd3, and Abdl. Th6 and genital

complex with spinules; paired copulatory

pores ventrolateral; paired oviducal open-

ings dorsolateral.

Rostral area flattened; rostrum absent.

Oral siphon (Fig. lOD): Tip reaching be-

yond base of maxilla.

Labrum: With spinules on tip.

Antennule (Fig. 9E, F): 21 articulating

segments with 2, 2, 2, 2, 2, 2, 2, 2, 6, 2, 2,

2, 2, 2, 2, 2, 2, 2+1, 2, 2, o.

Antenna (Fig. lOA): Coxa and basis

without setae. Exopod apparently 1 -seg-

mented with 2 terminal setae and proximal

medial seta (Fig. lOB). Endopod 3-seg-

mented; 1st segment with denticles, 2nd

with 1 seta, 3rd with denticles and 4 setae,

including large terminal claw.

Mandible (Fig. IOC): Gnathobase slight-

ly longer than palp, tapering distally with

denticles; 2-segmented palp, both segments

with denticles, distal segment with 2 ter-

minal setae.

Maxillule (Fig. lOE): Inner lobe with

several sets of denticles, 4 large setae and

1 small seta; outer articulating lobe with

denticles and 4 terminal setae.

Maxilla (Fig. lOF): An apparently 2-seg-

mented subchela; 1st segment unarmed;

2nd segment distally pointed, curved, with

set of denticles but without setae.

Maxilliped (Fig. lOG, H): Short syncoxa



VOLUME 1 16, NUMBER 3 673

Fig. 7. Dermatomyzon nigripes (Brady & Robertson, 1876), CII: A, habitus, dorsal; B, habitus, lateral; C,

swimming leg 3; D, antennule; E, antenna; F, maxilla; G, maxilliped; H, mandible; I, maxillule; J, caudal ramus;

K, swimming leg 1; L, swimming leg 2; M, swimming leg 3. Scale line 1 is 0.05 mm for A, B; line 2 is 0.05

mm for C-M.
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Fig. 8. Dermatomyzon nigripes (Brady & Robertson, 1876), CI: A, habitus, dorsal; B, habitus, lateral; C,

swimming leg 3; D, caudal ramus; E, antennule; F, antenna; G, mandible; H, maxillule; I, maxilla; J, swimming

leg 1; K, swimming leg 2; L, maxilliped. Scale line 1 is 0.05 mm for A, B; line 2 is 0.05 mm for C-E, J, K;

line 3 is 0.05 mm for F, H, L; line 4 is 0.05 mm for G, I.
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Table 5.—Spines and setae on swimming legs 1-2

of Dennatomyzon nigripes CI.

Coxa Basis

Exopod
2nd: 3rd: 1st

Endopod
2nd; 3rd: 1st

Leg 1

Leg 2

0-0

0-0

1-0

1-0

*; IV, I, 3

*; III, I, 3

*; 1, 2, 4

*; 1, 2, 3

with 1 inner seta, long basis with 1 tiny,

inner seta on medial margin; endopod of

proximal, short, apparently subdivided sec-

tion with 4 setae, 2 proximal, 1 middle, 1

distal; long distal segment with denticles

and 2 terminal setae, largest thick and

curved.

Swimming legs 1-4 (Fig. IIA-E): Bir-

amal, with 3-segmented rami. Formula for

spines and setae (Table 6). Lateral seta of

the distal endopodal segment of swimming
leg 3 not reaching tip of lateral apical seta;

lateral apical seta of the distal endopodal

segment of swimming leg 4 half the length

of apical spine.

Leg 5 (Fig. IIF): Basis not articulating

with somite, with lateral seta; articulating

segment elongate with 2 unarmed terminal

setae and 1 medial seta, plus medial and

lateral denticles.

Leg 6 (Fig. 9C): 1 long seta and 1 short

seta near oviducal openings.

CR (Fig. 9D): Subquadrate with 2 dorsal

setae and 4 terminal setae.

CVI male.—Differs from CVI female as

follows: Body length range 1.01-1.06 mm
(based on 3 specimens); average length of

prosome 0.70 mm; maximum width of pro-

some 0.70 mm; length of urosome 0.36

mm; ratio of length to width of prosome

LO; ratio of length of prosome to length of

urosome 1.9.

Urosome (Fig. 12A): Th6, 7, Abd2, 3, 1

articulating. Th7 with copulatory pore ven-

trolaterally.

Antennule (Fig. 12B-D): 18 articulating

segments with: 2, 2, 2, 2, 2, 2, 2, 2, 6, 2,

2, 2, 2, 2, 2, 4, 3+1, 12. Geniculation be-

tween 15th and 16th articulating segments;

segment 10 unsclerotized dorsally.

Maxilla (Fig. 12G): Apparently 3-seg-

mented subchela; 1st segment with proxi-

mal denticles; 2nd with 1 small seta; 3rd

distally pointed and curved.

Maxilliped (Fig. 12H): Basis with raised

bump proximally and medially.

Swimming legs 1-4 (Fig. IIG-J): Swim-
ming leg 1 with denticles on distal segment

of endopod. Distal attenuation of middle

segment of endopod of swimming leg 2 rel-

atively longer than corresponding structure

on other swimming legs; denticles on distal

segment of endopod. Lateral seta on distal

endopodal segment of swimming leg 3 al-

most reaching to tip of apical seta. Lateral

apical seta on distal endopodal segment of

swimming leg 4 reaching % length of apical

spine.

Leg 5 (Fig. 12F): As illustrated.

Leg 6 (Fig. 12E): Several sets of denti-

cles and 2 setae, distal thickest.

CV female (Fig. 13A).—Differs from

CVI female as follows: Body length range

0.84-1.05 mm (based on 7 specimens); av-

erage length of prosome 0.64 mm; maxi-

mum width of prosome 0.62 mm; length of

urosome 0.30 mm; ratio of length to width

of prosome 1 .0; ratio of length of prosome

to length of urosome 2. 1

.

Urosome (Fig. 13A): Th6, 7, Abd2, 3,1

articulating; no copulatory pore or oviducal

openings on Th7.

Antennule (Fig. 13C): 18 articulating

segments with 2, 2, 2, 2, 2, 2, 2, 2, 8, 2, 2,

4,2,2, 2,2,2+1, 14.

Leg 6 (Fig. 13A): Uniramal bud with 1

lateral seta and medial denticles.

CV male (Fig. 13B).—Differs from CV
female as follows: Body length range 0.85-

0.89 mm (based on 2 specimens); average

length of prosome 0.59 mm; maximum
width of prosome 0.54 mm; length of uro-

some 0.29 mm; ratio of length to width of

prosome 1.1; ratio of length of prosome to

length of urosome 2.5.

Leg 6: Unilobe bud with 1 lateral seta

and 1 terminal seta.

C/y.—Differs from CV female as fol-

lows: Body length range 0.65-0.80 mm
(based on 7 specimens); average length of
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Fig. 9. Asterocheres lilljeborgi Boeck, 1859, CVI: A, Female, habitus, dorsal; B, urosome, dorsal; C, leg 6;

D, caudal ramus, dorsal; E, antennule, segments 1-15; F, antennule, segments 16-21. Scale line 1 is 0.1 mm for

A; line 2 is 0.1 mm for B; line 3 is 0.1 mm for C, D; line 4 is 0.1 mm for E, F.
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Fig. 10. Asterocheres lilljeborgi Boeck, 1859, CVI Female: A, antenna; B, exopod of antenna; C, mandible;

D, oral siphon; E, maxillule; F, maxilla; G, maxilliped; H, proximal part of endopod of maxilliped, posterior.

Scale line 1 is 0.1 mm for A, C-G; line 2 is 0.05 mm for B, H.

prosome 0.48 mm; maximum width of pro-

some 0.40 mm; length of urosome 0.22

mm; ratio of length to width of prosome

1.2; ratio of length of prosome to length of

urosome 2.2 (Fig. 13E).

Urosome (Fig. 13G): Th6, 7, Abd2, 1 ar-

ticulating.

Antennule (Fig. 13F): 17 articulating

segments with 2, 1, 1, 1, 1, 1, 1, 1, 4, 1,2,

4, 4, 2, 2, 2+1, 14.

Maxilla as illustrated (Fig. 14A).

Swimming legs 1-4 (Figs. 14B-F): 2-

segmented rami. Formula for spines and se-

tae (Table 7).

Leg 5 (Fig. 13G): Basis not articulating

with somite, with lateral seta; free segment

with 1 small seta laterally and 2 thick, un-

armed setae distally.

Leg 6 (Fig. 13G): Unilobe bud with 1

seta.

C///.—Differs from CIV as follows:

Body length range 0.50-0.54 mm (based on

3 specimens); average length of prosome

0.37 mm; maximum width of prosome 0.30
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Fig. 11. Asterocheres lilljeborgi Boeck, 1859, CVI Female: A, swimming leg 1; B, swimming leg 2; C,

intercoxal sclerite, protopod, and endopod of swimming leg 3; D, exopod, swimming leg 3; E, swimming leg

4; F, leg 5. Asterocheres lilljeborgi, CVI Male, distal segments of endopod of G, swimming leg 1; H, swimming

leg 2; I, swimming leg 3; J, swimming leg 4. Scale line 1 is 0.1 mm for A-F; line 2 is 0.1 mm for G-J.
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Fig. 12. Asterocheres lilljeborgi Boeck, 1859, CVI Male: A, habitus, dorsal; B, antennule, segments 1-16;

C, antennule, segments 17-18 anterior; D, antennule, segments 17-18 anterior; E, leg 6; F, leg 5; G, maxilla;

H, maxilliped. Scale line 1 is 0.1 mm for A; line 2 is 0.05 mm for D; line 3 is 0.05 mm for E; line 4 is 0.05

mm for B, C, F; line 5 is 0.1 mm for G, H.

mm; length of urosome 0.14 mm; ratio of

length to width of prosome 1.2; ratio of

length of prosome to length of urosome 2.6.

Urosome (Fig. 15A): Th6, 7, Abdl artic-

ulating.

Antennule (Fig. 15C): 12 articulating

segments with 2, 1, 1, 1, 3, 1, 1, 2, 2, 2,

3+1, 14.

Antenna (Fig. 15D), mandible (Fig. 15E)

and maxilla (Fig. 15G): As illustrated.
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Table 6.—Spines and setae on swimming legs 1^ of Asterocheres lilljeborgi adult female.

Coxa Basis

Exopod
2nd; 3rd; 1

Endopod
2nd; 3rd; 1st

Leg 1 0-1 1-1 LI; LI; III, 1, 3

Leg 2 0-1 1-0 LI; LI; IH, I, 4

Leg 3 0-1 1-0 LI; LI; IH, L 4

Leg 4 0-1 1-0 LI; LI; III, I, 4

0-1; 0-2; 1, 2, 3

0-1; 0-2; 1, 2, 3

0-1; 0-2; 1, l+I, 3

0-1; 0-2; 1, l+I, 2

Fig. 13. Asterocheres lilljeborgi Boeck, 1859, CV Female: A, habitus, dorsal. Asterocheres lilljeborgi CV
Male: B, male, habitus, dorsal; C, antennule; D, antennule, segment 9. Asterocheres lilljeborgi, CIV: E, habitus,

dorsal; F, antennule; G, urosome, ventral. Scale line 1 is 0.1 mm for A, B, E; line 2 is 0.1 mm for C; line 3 is

0.1 mm for D; line 4 is 0.1 mm for F; line 5 is 0.1 mm for G.
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Fig. 14. Asterocheres lilljeborgi Boeck, 1859, CIV: A, maxilla; B, swimming leg 1; C, swimming leg 2; D,

swimming leg 3; E, swimming leg 4. Scale line is 0.1 mm.

Maxillule (Fig. 15F): Outer lobe with 3 tally polarized seta; distal segment with 2

setae. terminal setae.

Maxilliped (Fig. 16A): Proximal section Swimming legs 1-4 (Fig. 16B-E): Bira-

of endopod 3-segmented each with 1 dis- mal; swimming legs 1-3 with 2-segmented
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Table 7.—Spines and setae on swimming legs 1^ of Asterocheres lilljeborgi CIV female.

Coxa Basis

Exopod
2nd; 3rd; 1st

Endopod
2nd; 3rd; 1st

Leg 1 0-1 1-1 I-l; *; III, 1, 4 0-1; *; 1, 2, 5

Leg 2 0-1 1-0 I-l; *; III, 1, 5 0-1; *; 1, 2, 5

Leg 3 0-1 1-0 I-l; *; III, I, 5 0-1; *; 1, l+I, 4

Leg 4 0-1 1-0 I-O; *; III, I, 5 0-1; *; 1, l+I, 3

rami, swimming leg 4 with 1 -segmented

rami. Formula for spines and setae (Table 8).

Leg 5 (Fig. 15B): Unilobe bud with 1

distal spine and 1 distal seta.

CII.—Differs from CIII as follows based

on 5 specimens: length range 0.41-0.44

mm; average maximum width 0.2-0.22

mm; greatest dorsoventral thickness 0.13-

0.14 mm; length of prosome 0.26-0.29 mm,
urosome 0.14-0.15 mm; ratio of length to

width 2.02:1; ratio of length of prosome to

that of urosome 1.95:1.

Prosome (Fig. 17A): 3 articulating sec-

tions; 1st a complex of 5 cephalic somites

plus Thl, 2; Th3, 4 articulating; Th4 nar-

row.

Urosome (Fig. 17A): Th5, Th6, Abdl ar-

ticulating. ^

Antennule (Fig. 17C): 9 articulating seg-

ments with 2, 1, 2, 1, 1, 1, 1, 1 + 1, 14.

Antenna (Fig. 17D), mandible (Fig. 17E)

and maxilla (Fig. 17F): As illustrated.

Maxillule (Fig. 17H): Inner lobe with 3

setae.

Maxilliped (Fig. 17G): Syncoxa without

seta, basis without seta. Endopod 3-seg-

mented; proximal and middle segment each

with 1 seta, distal segment with 2 terminal

setae.

Swimming legs 1-3 (Fig. 17I-M): Swim-
ming legs 1-2 with 2-segmented rami,

swimming leg 3 with 1 -segmented rami.

Formula for spines and setae (Table 9).

Swimming leg 4 (Fig. 17B): A bilobed

bud; dorsal lobe with 1 distal spine and 1

distal setae; ventral lobe unarmed.

CI.—Differs from CII as follows: Body
length range 0.38 mm (based on 1 speci-

men); length of prosome 0.26 mm; maxi-

mum width of prosome 0.16 mm; length of

urosome 0.12 mm; ratio of length to width

of prosome 1.6; ratio of length of prosome

to length of urosome 2.2.

Prosome (Fig. 18A): 2 articulating sec-

tions; 1st complex of 5 cephalic somites

plus Thl, 2; Th3 articulating.

Urosome (Fig. 18B): Th4, 5, Abdl artic-

ulating.

Antennule (Fig. 18C): 4 articulating seg-

ments with 2, 2, 1, 14+1.

Antenna (Fig. 18D), mandible (Fig.

18E), maxillule (Fig. 18F) and maxilla (Fig.

18G): As illustrated.

Maxilliped (Fig. 18H): Syncoxa and ba-

sis unarmed; endopod 2-segmented; proxi-

mal segment with 1 medial seta and distal

segment with 1 thick and 1 thin seta.

Swimming legs 1-2 (Fig. 181, J): 1 -seg-

mented rami. Formula for spines and setae

(Table 10).

Swimming leg 3 (Fig. 18B): Bilobed

bud; dorsal lobe with 1 distal spine and 1

distal seta; ventral lobe unarmed.

CR (Fig. 18B): As illustrated.

Remarks.—Asterocheres lilljeborgi, the

type species of the family, can be distin-

guished from its congeners by exceptionally

wide tergites of the dorsoventrally flattened

prosome. It has been collected in the Davis

Strait, off coasts of the British Isles, Swe-

den, Norway and France, associated with

the starfish Henricia sanguinolenta (O. F
Miiller, 1776) and other echinoderms (Hu-

mes 1986, Gotto 1993). Wilson (1944)

found A. lilljeborgi associated with Henri-

cia leviuscula (Stimpson, 1857) in the

Aleutian Islands near Alaska. Marchenkov

(1997) reported that A. lilljeborgi at the

White Sea is associated with H. sanguino-

lenta. Roettger et al. (1972) studied ecology
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Fig. 15. Asterocheres lilljeborgi Boeck, 1859, CIII: A, habitus, dorsal; B, urosome, ventral; C, antennule;

D, antenna; E, mandible; F, maxillule; G, maxilla. Scale line 1 is 0.1 mm for A; line 2 is 0.1 mm for B, D-F;

line 3 is 0.1 mm for C.

of A. lilljeborgi from H. sanguinolenta col-

lected near Sweden.

Discussion

One somite is added to the body of both

genders of Dermatomyzon nigripes and As-

terocheres lilljeborgi during the molts to

copepodids II-IV, a pattern similar to the

related siphonostomatoid Scottomyzon gib-

berum (see Ivanenko et al. 2001). During

the molt to copepodid V, both genders of

D. nigripes add a fourth abdominal somite.

but females and males of A. lilljeborgi ap-

pear to suppress the formation of the fourth

somite as do both genders of S. gibberum.

During the terminal adult molt to CVI, fe-

males of A. lilljeborgi and D. nigripes de-

velop a simple genital complex when an ar-

throdial membrane separating the genital

somite from the second abdominal somite

fails to form. This arthrodial membrane

does form in females of S. gibberum and in

males of all three species. The body of the

ancestral copepod is assumed to have added
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Fig. 16. Asterocheres lilljeborgi Boeck, 1859, CIII: A, maxilliped; B, swimming leg 1; C, swimming leg 2;

D, swimming leg 3; E, swimming leg 4. Scale line 1 is 0.1 mm.

a somite during the molt of each copepodid

stage (Hulsemann 1991), and the arthrodial

membrane separating the genital somite

from the second abdominal somite re-

mained during the molt to copepodid VI of

females, as it does for a few podoplean neo-

copepods (Martinez Arbizu 2003). The
body of the ancestral siphonostomatoid is

assumed to have added a somite during the

molt of each copepodid stage but the ar-

throdial membrane separating the female

genital somite from the second abdominal
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Table 8.—Spines and setae on swimming legs 1^ of Asterocheres UUjehorgi CUT.

Coxa Basis

Exopod
2nd; 3rd; 1st

Endopod
2nd; 3rd; 1st

Leg 1 0-1 1-1 I-l; *; III, 1, 4 0-1; *; 1, 2, 5

Leg 2 0-1 1-0 I-l; *; III, I, 5 0-1; *; 1, 2, 4

Leg 3 0-1 1-0 I-O; *; II, I, 4 0-1; *; 1, l+I, 3

Leg 4 0-0 1-0 *; *; III, L 3 *; *; 1. 1+L 3

somite failed to form during the molt to co-

pepodid VI. The body of D. nigripes ap-

pears to be identical to the ancestral si-

phonostomatoid. The body of A. lilljeborgi

is derived because the fourth abdominal so-

mite fails to form during the molt to cope-

podid V of both genders. The body of S.

gibberum also is derived because a fourth

abdominal somite fails to form and because

an arthrodial membrane separates the gen-

ital somite from the second abdominal so-

mite of females, a character state reversal.

The maxilliped of D. nigripes and A. lill-

jeborgi, like S. gibberum, begins develop-

ment at copepodid I with an unarmed syn-

coxa, an unarmed basis, and a 2-segmented

endopod with one seta on the proximal seg-

ment and two setae on the distal segment.

Both D. nigripes and A. lilljeborgi add one

seta each to the syncoxa and basis at co-

pepodid III. One seta also is added to a dis-

tinctly segmented endopod at copepodid II

and at copepodid III; a third seta juxtaposed

to the proximal seta of the endopod is add-

ed at copepodid IV. Patterning of the en-

dopod of the maxilliped of D. nigripes and

A. lilljeborgi during development is as-

sumed to follow the general model for co-

pepods (Ferrari 1995, Ferrari & Dahms
1998, Ferrari & Ivanenko 2001), as it is ap-

plicable to siphonostomatoids (Ivanenko et

al. 2001). Based on the stage at which each

seta is added and its location, the endopod

of adult D. nigripes and A. lilljeborgi is in-

terpreted as 4-segmented. The maxilliped of

S. gibberum fails to add a seta to its syn-

coxa during development and the seta on

the second, or penultimate, endopodal seg-

ment is lost at CIV; both of these states are

interpreted as derived.

Swimming leg 1 of copepodid I of D.

nigripes and A. lilljeborgi bears eight exo-

podal setae and seven endopodal setae, the

most common number of elements for these

rami at this stage of copepod development

(Ferrari 2000). Development from cope-

podid I is similar for both species with one

exception. The proximal medial seta on the

third exopodal segment (or the ventral seta

on the presumptive fourth segment) of D.

nigripes fails to form on A. lilljeborgi dur-

ing the molt to CV so that there are three

inner setae, not four, on the adult of A. lill-

jeborgi.

Swimming leg 2 of copepodid I of D.

nigripes and A. lilljeborgi bears seven ex-

opodal setae and six endopodal setae, the

most common number of elements for these

rami at this stage of copepod development

(Ferrari 2000). Development from cope-

podid I is similar for both species with one

exception. The proximal medial seta on the

third exopodal segment, or ventral seta on

the presumptive fourth segment, of D. ni-

gripes fails to form on A. lilljeborgi during

the molt to CV so that there are four medial

setae, not five, on the adult of A. lilljeborgi.

Swimming leg 3 of copepodid I of both

species is a bud with two setal elements on

the dorsal lobe, the presumptive exopod,

and none on the ventral lobe, the presump-

tive endopod. The common situation for co-

pepods is three setae on the presumptive ex-

opod and two setae the presumptive endo-

pod (Ferrari 2000). At copepodid II, the

transformed limb of D. nigripes and A. lill-

jeborgi bears seven exopodal setae and six

endopodal setae, the most common number

of elements for these rami at this stage of

copepod development (Ferrari 2000). De-
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Fig. 17. Asterocheres lilljeborgi Boeck, 1859, CII: A, habitus, dorsal; B, swimming leg 4; C, antennule; D,

antenna; E, mandible; F, maxilla; G, maxilliped; H, maxillule; I, swimming leg 1, protopod, exopod and inter-

coxal sclerite; J, endopod of swimming leg 1; K, swimming leg 2, protopod, exopod and intercoxal sclerite; L,

endopod of swimming leg 2; M, swimming leg 3. Scale line 1 is 0.1 mm for A; line 2 is 0.1 mm for C; line 3

is 0.1 mm for B, D-M.
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Table 9.—Spines and setae on swimming legs 1-3 of Asterocheres lilljeborgi CII.

Coxa Basis

Exopod
2nd; 3rd; 1st

Endopod
2nd; 3rd; 1st

Leg 1

Leg 2

Leg 3

0-1

0-1

0-0

1-1

1-0

1-0

I-O; *; m, 1, 4

LO; *; III, I, 4

*; *; m, I, 3

0-1

0-1
*

*; 1, 2, 4

*; 1, l+l, 3

; 1, l+l, 3

velopment from copepodid II is similar for

both species with two exceptions. D. nigri-

pes fails to add a second terminal element

to the endopod during the molt to copepod-

id III, while A. lilljeborgi adds this second

terminal element. The proximal medial seta

on the third exopodal segment, or ventral

seta on the presumptive fourth segment, of

D. nigripes fails to form on A. lilljeborgi

during the molt to CV so that there are four

medial setae, not five, on the adult of A.

lilljeborgi.

Swimming leg 4 of copepodid II of both

species is a bud with two setal elements on

the dorsal lobe, the presumptive exopod,

and none on the ventral lobe, the presump-

tive endopod. The common situation for co-

pepods is three setae on the presumptive ex-

opod and two setae the presumptive endo-

pod (Ferrari 2000). At copepodid III, the

transformed limb of D. nigripes and A. lill-

jeborgi bears seven exopodal setae and six

endopodal setae, the most common number
of elements for these rami at this stage of

copepod development (Ferrari 2000). De-

velopment from copepodid III is similar for

both species with two exceptions. D. nigri-

pes fails to add a second terminal element

on the endopod during the molt to cope-

podid III, while A. lilljeborgi adds this sec-

ond terminal element. The proximal medial

seta on the third exopodal segment, or ven-

tral seta on the presumptive fourth segment,

of D. nigripes fails to form on A. lilljeborgi

during the molt to CV so that there are four

medial setae, not five, on the adult of A.

lilljeborgi.

Leg 5 of copepodid III of both species is

a bud with two setal elements on the dorsal

lobe, the presumptive exopod; there is no

ventral lobe. At copepodid IV, the trans-

formed limb of both species bears three ex-

opodal setae. At copepodid V of D. nigripes

a medial and lateral seta are added to the

exopod; no setae are added to A. lilljeborgi.

Leg 6 of copepodid IV of D. nigripes is a

bud with two setae on the dorsal lobe which

is assumed to be the presumptive exopod;

a third seta is added during the molt to co-

pepodid V Leg 6 of copepodid IV of A.

lilljeborgi is a bud with one seta on the dor-

sal lobe; a second seta is added to the male

during the molt to copepodid V, and to the

female during the molt to copepodid VI.

Following the simplifying assumption of

oligomerization (Dogiel 1954, Monchenko
& Von Vaupel Klein 1999) to infer derived

states of swimming legs which develop

from serially repeated elements, adults of S.

gibberum share with those of D. nigripes

absence of a second terminal element on the

third endopodal segment of swimming legs

3—4. Adults of S. gibberum share with those

of A. lilljeborgi absence of the proximal

medial seta on the third exopodal segment

of swimming legs 1-4, three setae on the

exopod of leg 5 and two setae the pre-

sumptive exopod of leg 6. Derived states of

adult S. gibberum include absence of the

medial basal seta on leg 1, absence of the

medial coxal seta of leg 4, and absence of

the proximal lateral seta on the third exo-

podal segment, or dorsal seta of the pre-

sumptive fourth segment, of swimming legs

1-4.

The proximal segment of the antennule

of the adult female and male of A. lillje-

borgi bears two setae. The proximal seg-

ment of the antennule of the adult female

of D. nigripes and S. gibberum bears only

one seta. One of two setae present on the

proximal segment of D. nigripes early in
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Fig. 18. Asterocheres lilljeborgi Boeck, 1859, CI: A, habitus, dorsal; B, urosome, ventral; C, antennule; D,

antenna; E, mandible; F, maxillule; G, maxilla; H, maxilliped; J, swimming leg 1; I, swimming leg 2. Scale line

1 is 0.1 mm for A; line 2 is 0.1 mm for B; line 3 is 0.1 mm for C; line 4 is 0.1 mm for D-I.
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Table 10.—Spines and setae on swimming legs 1-

2 of Asterocheres lilljeborgi CI.

Coxa Basis

Exopod
2nd; 3rd; 1st

Endopod
2nd; 3rd; 1st

Leg 1

Leg 2

0-0

0-0

1-0

1-0

*; *; IV, I, 3

*; *; III, I, 3

*; *; 1, 2, 4

*; *; 1, 2, 3

development fails to form during the molt

to copepodid IV; in contrast the proximal

segment of S. gibberum bears only one seta

throughout the copepodid phase of devel-

opment.

The ninth articulating segment of the

adult female of D. nigripes bears only one

seta as does the sixth articulating segment

of the adult female of S. gibberum; these

segments are not homologous. The ninth ar-

ticulating segment of the antennule of the

adult female of A. lilljeborgi is considered

a complex of three segments with six setae,

two from each segment. The third articu-

lating segment of the antennule of the adult

female of D. nigripes is considered a com-

plex of two segments with four setae, two

from each segment. The eighth articulating

segment of D. nigripes is considered a com-

plex of three segments also with six setae,

and which corresponds to the complex of

A. lilljeborgi. The antennule of the adult fe-

male of S. gibberum also has two complex-

es, a proximal complex of three segments

of six setae and a distal complex of four

segments with eight setae. These two com-

plexes correspond to the two of D. nigripes

but with the following articulating segment

of D. nigripes fused to the corresponding

complex of S. gibberum.

The antennule of A. lilljeborgi appears to

have the fewest derived states: only one

segmental complex composed of three

proximal segments. The antennule of D. ni-

gripes has the following derived states: one

seta on the proximal segment; a proximal

segmental complex of two segments; and a

distal complex of three segments. The an-

tennule of S. gibberum has the following

derived states: one seta on the proximal

segment; a proximal complex of three seg-

ments; and a distal complex of four seg-

ments.
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Abstract.—Pseudocetopsis orientale, a new catfish species of small body size

of the cetopsid subfamily Cetopsinae is described from several Atlantic-slope

rivers of Suriname and French Guiana. The combination of the presence of a

dorsal fin with an ossified spinelet, the possession of pectoral- and dorsal-fin

spines, the length of the pelvic and pectoral fins, the relative depth of the body,

and the alignment of the dorsal and ventral profiles of the portion of the body

posterior of the dorsal-fin base serve to distinguish the new species from all

other cetopsines.

Resume.—Pseudocetopsis orientale, une nouvelle espece de poisson chat Ce-

topsinae de la famille des Cetopsidae, est decrit de plusieurs rivieres du Suri-

name et de Guyane frangaise. La combinaison de plusieurs caracteres incluant

la presence d'une nageoire dorsale avec un crochet ossifie, la presence d'epines

dorsales et pectorales, la longueur des nageoires pelviennes et pectorales, la

hauteur relative du corps et I'alignement des profits dorsaux et ventraux a

I'arriere de la nageoire dorsale permet de distinguer cette espece de toutes les

autres Cetopsinae.

Recent studies have demonstrated that the Materials and Methods

species-level diversity among catfishes of ^^j measurements were taken as straight
the South American subfamily Cetopsmae as

y^^^ distances between points with head
defined by de Pinna & Vari (1995) is sig-

j^j^g^h (HL) measured from the tip of the
nificantly higher than the 12 species recog- ^nout to the end of the fleshy gill cover,
nized by Burgess (1989), with five addition- interorbital width was taken as the shortest
al species described by Ferraris & Brown distance between the orbits, but is, however,
(1991), Lundberg & Rapp Py-Daniel (1994), difficult to measure unambiguously because
Ferraris (1996), and Ohveira et al. (2001). of the fleshy tissues around the orbits. The
Ongoing studies indicate that these 17 spe- soft bodies of most cetopsins make it dif-

cies, nonetheless, represent a significant un- ficult to accurately measure most standard

derestimate of the actual species-level diver- morphometric features. As a consequence
sity within the subfamily, and we herein de- we do not provide these values for the spe-

scribe a new species from Suriname and cies. Size of examined specimens is report-

French Guiana discovered independently ed as standard length (SL) rounded to the

during a revisionary study of the subfamily nearest whole millimeter. Median fin ray

(RPV, CJF) and faunal studies of the ich- counts include all elements apparent in ra-

thyofauna of French Guiana (PK). diographs. The number of vertebrae was
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Fig. 1. Pseudocetopsis orientale, holotype, MHNG 2621.040, 27 mm SL, Suriname, Brokopondo District,

Mindrineti Kreek, close to mouth of Maykaboeka Kreek, on the Gros Rosevel Mining concession (5°07'08.8"N,

55°16'59.4"W).

taken from radiographs and includes the

four elements of the Weberian apparatus

and one element for the ural complex. Ver-

tebrae were separated into preanal, precau-

dal, and caudal elements with total verte-

brae the sum of precaudal and caudal ver-

tebrae. The presence of the sexually dimor-

phic features present in males of other

cetopsin species was considered indicative

of the sex for those specimens that could

not be dissected but with these attributes.

The range of values for meristic and mor-

phometric features in the species is pre-

sented first, followed by the values for the

holotype in square brackets. Numbers of

specimens is indicated by "ex." Institution-

al abbreviations are: AMNH, American

Museum of Natural History, New York;

ANSP, Academy of Natural Sciences, Phil-

adelphia; FMNH, Field Museum of Natural

History, Chicago; MNHG, Museum
d'Histoire Naturelle, Geneva; MNHN, Mu-
seum National d'Histoire Naturelle, Paris;

MZUSP, Museu de Zoologia da Universi-

dade de Sao Paulo; NZCS, National Zoo-

logical Collection of Suriname, Paramaribo;

and USNM, National Museum of Natural

History, Smithsonian Institution, Washing-

ton, D.C.

Pseudocetopsis orientale, new species

Fig. 1

Hemicetopsis sp., Boujard et al., 1990:347

[French Guiana, Fleuve Arataye]. Ponton

& Copp, 1997:241 [French Guiana,

Fleuve Sinnamary].

Pseudocetopsis cf. minutus Le Bail et al.,

2000:146, unnumbered figure [French

Guiana, Fleuve Maroni, Fleuve Iracoubo,

Fleuve Comte, Fleuve Oyapock].

Holotype.—MUNG 2621-040, 27 mm
SL, Suriname, Brokopondo District, Min-

drineti Kreek, close to mouth of Mayka-
boeka Kreek, Saramacca River basin, on

Gros Rosevel Mining concession

(5°07'08.8"N, 55°16'59.4"W), R. Commerg-
nat, J. Mol, and C. Weber.

Paratypes.—All Suriname, Brokopondo

District, Saramacca River basin: MHNG
2626.013, 9 ex., 18-27 mm SL (collected

with holotype); USNM 369732, 2 ex., 21-

24 mm SL (collected with holotype);

MNHN 2002.1625, 1 ex., 26 mm SL (col-

lected with holotype); NZCS F7048, 1

specimen, 23 mm SL (collected with holo-

type). MHNG 2621.044, 2 ex., 22-22 mm
SL and MHNG 2621.039, 4 ex., 21-26 mm
SL, close to mouth of Maykaboeka Kreek,

on Gros Rosebel Mining concession (col-

lected close to type locality), R. Commerg-
nat, J. Mol, and C. Weber. MZUSP 65404,

1 ex., 27 mm SL, Maykaboeka Kreek, Gros

Rosebel Area, near Golden Star Concession

(5°04'45"N, 55°16'09"W), C.A. Figueiredo,

E Breden, and H. Brook, Jan 2000.

Non-type specimens examined.—31

specimens, 18-49 mm SL.

FRENCH GUIANA. MNHN 2002-1103,

3 ex., 38-39 mm SL, no specific locality.

MNHN 1994-0092, 1 ex., 30 mm SL,

Fleuve Arataye, Saut Parare (4°03'N,

52°42'W). MNHN 2002-1099, 2 ex., 38-39
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mm SL; Crique Boulanger of Fleuve Comte
(4°36'N, 52°19'W). MNHN 2002-1100, 1

ex., 22 mm SL; MNHN 2002-1098, 2 ex.,

43-49 mm SL, Crique Balatee of Fleuve

Maroni (5°29'N, 54°03'W). MNHN 2002-

1 101, 8 ex., 24-44 mm SL, Degrad Florian

of Fleuve Iracoubo (5°29'N, 53°33'W).

MNHN 2002-1 102, 1 1 ex., 40-49 mm SL,

Fleuve Oyapock.

SURINAME. All Nickerie District.

FMNH 96268, 1 ex., 25 mm SL, Kaiser-

berg River (approximately 3°03'N,

56°35'W). AMNH 54828, 1 ex., 22 mm SL,

stream near Avanavero, approximately 3

miles (=4.8 km) downstream of DeVis

Falls (~4°48'N, 57°26'W). AMNH 55001,

1 ex., 32 mm SL, small stream on road

from Lucie River Camp to Paramaribo, 25

km N of Sisa Creek (~3°34'N, 57°37'W).

USNM 226146, 2 ex., 22-23 mm SL,

woodland stream, 0.5 km from Camp Ma-
taway (4°48'N, 57°43'W). USNM 226147,

7 ex., 18-24 mm SL (2 ex. cleared and

stained), stream near Camp Anjoemara
(4°50'N, 57°26'W). USNM 226148, 1 ex.,

30 mm SL, stream at km 212 of road from

Amotopo to Camp Geology, at Machine

Park—Camp 212 (3°50'N, 57°34'W).

Diagnosis.—The combination of the

presence of a dorsal fin with an ossified spi-

nelet and the presence of pectoral and dor-

sal spines distinguishes Pseudocetopsis or-

ientale from all other members of the Ce-

topsinae with the exception of P. minuta

(Eigenmann, 1912) from the Essequibo

River basin of Guyana. Pseudocetopsis or-

ientate differs from P. minuta in the length

of the pelvic fin (tip of fin reaches posteri-

orly to anterior margin of vent versus to

anal-fin origin, respectively), in the length

of the pectoral fin (tip of fin falls distinctly

short of vertical through pelvic-fin insertion

versus reaches that line), the relative depth

of the body (0.21-0.23 of SL versus 0.17-

0.19, respectively), and in the alignment of

the dorsal and ventral profiles of the portion

of the body posterior of the dorsal fin (con-

verging slightly posteriorly versus parallel,

respectively).

Description.—Body moderately robust,

somewhat compressed laterally anteriorly

and becoming progressively distinctly com-
pressed posteriorly. Body depth at dorsal-

fin origin approximately 0.21-0.23 of SL,

and approximately equal to distance from

anterior of eye to rear of head. Lateral line

on body unbranched, midlateral, incom-

plete, and extending from vertical through

pectoral-fin base posteriorly to point within

region delimited anteriorly by vertical

through middle of anal-fin base and poste-

riorly by vertical located proximate to an-

terior terminus of caudal peduncle. Dorsal

profile of body nearly straight to slightly

convex from nape to dorsal-fin origin and

straight from that point to caudal-fin base.

Ventral profile of body slightly convex

along abdomen, approximately straight

along anal-fin base and converging towards

dorsal profile of body posteriorly. Caudal-

peduncle depth greater than caudal-pedun-

cle length.

Head in profile acutely triangular overall

with bluntly pointed snout. Dorsal profile of

head slightly convex from tip of snout to

vertical through posterior margin of orbit

and broadly convex from that point to nape.

Ventral profile of head slightly convex.

Margin of snout in dorsal view broadly

rounded. Postorbital margins of head slight-

ly convex on each side from dorsal view.

Enlarged jaw musculature very evident on

dorsal and lateral surfaces of postorbital

portion of head.

Opercular membrane attached to isthmus

only anterior of vertical through pectoral-

fin insertion. Opercular opening moderately

elongate; opening extending anteroventral

of pectoral-fin insertion by distance approx-

imately equal to one-third of head length

and extending dorsal of pectoral-fin inser-

tion by distance equal to width of eye.

Eye situated on lateral surface of head;

located entirely dorsal to horizontal through

pectoral-fin insertion; eye visible in dorsal

view, but not in ventral view, of head. Mid-

dle of orbit at approximately 0.30 of HL.

Eye diameter approximately one-third of
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snout length. Interorbital width approxi-

mately equal to distance from tip of snout

to point within region between middle of

eye and posterior margin of orbit. Anterior

narial opening circular, surrounded by

short, anteriorly directed, tubular rim of

skin. Opening of anterior nares located

slightly dorsal of horizontal that extends

through maxillary-barbel origin and at, or

slightly ventral of, horizontal through tip of

snout. Distance between anterior nares ap-

proximately equal to distance from tip of

snout to middle of orbit. Posterior narial

opening located on dorsal surface of head,

situated dorsal to anterior one-third of orbit.

Narial opening nearly round and with flap

of skin that nearly encircles opening, but

with small gap posteriorly; flap highest an-

terolaterally.

Mouth subterminal, very wide; its width

approximately 0.60 of HL. Margin of lower

jaw gently rounded, its posterior limit

reaching to vertical through middle of orbit.

Premaxillary tooth patch in form of gently

arched band continuous across midline; an-

terior margin convex, and posterior margin

concave and parallel to anterior margin.

Teeth on premaxilla small, conical, sharply

pointed, and arranged in three regular rows

of uniform-sized teeth across entire pre-

maxilla. Vomerine teeth in single arched

row, with distinct gap in series at midline.

Vomerine teeth conical, all of approximate-

ly uniform size, and with largest teeth in

series approximately same size as largest

teeth on premaxilla. Dentary teeth compa-

rable in shape to, but slightly larger than,

premaxillary teeth. Dentary with three ir-

regular tooth rows medially that taper to

one row laterally.

Maxillary barbel slender, its length ap-

proximately equal to length of orbit plus

postorbital portion of head, and slightly

greater than three-quarters of HL; barbel or-

igin located ventral to anterior margin of

orbit. Medial mental barbel slightly shorter

than lateral mental barbel, with latter short-

er than maxillary barbel. Medial mental-

barbel origin located along vertical through

rictus. Lateral mental-barbel origin situated

slightly posterior of vertical through medial

mental-barbel origin. Tips of adpressed

mental barbels extend to, or barely beyond,

opercular margin.

Dorsal-fin rays 6 [6]. Dorsal fin moder-

ate, its base approximately 0.38-0.40 of

HL. Longest branched dorsal-fin ray, not

including distal filament present in mature

males, equal in length to approximately

two-thirds of HL. Dorsal-fin spinelet pre-

sent, first dorsal-fin ray spinous for basal

one-half of length and flexible more distal-

ly, with distal filament present in mature

males. Distal margin of dorsal fin slightly

convex, with first branched ray longest.

Dorsal-fin origin located at approximately

0.29—0.33 of SL and along vertical that ex-

tends through middle of adpressed pectoral

fin. Tip of adpressed dorsal fin, not includ-

ing distal filament present in mature males,

reaching to vertical through anterior margin

of vent. Last dorsal-fin ray with slight basal

posterior membranous attachment to body.

Caudal-fin rays i,7,8,i [i,7,8,i]. Caudal fin

deeply forked, lobes symmetrical; tips of

lobes rounded. Length of longest caudal-fin

ray approximately two times length of mid-

dle rays.

Anal-fin rays 23 to 27 [26], rarely 27.

Anal-fin base moderately long. Anal-fin or-

igin located distinctly posterior of middle of

SL and anterior of middle of total length.

Anal-fin margin nearly straight in most ex-

amined specimens, but convex in presumed

mature male as evidenced by presence of

filamentous dorsal- and pectoral-fin rays.

Last anal-fin ray with slight membranous
attachment to body.

Pelvic-fin rays i,5 [i,5]. Pelvic fin small;

distal margin slightly convex with middle

rays longest. Pelvic-fin insertion located an-

terior to middle of SL and along vertical

through posterior limit of dorsal-fin base.

Tip of adpressed pelvic fin extending past

middle of SL and reaching anterior margin

of vent. Last pelvic-fin ray with membra-

nous attachment to body along basal one-

half of its length.
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Pectoral-fin rays 7 or 8 [7], rarely 8. Pec-

toral fin moderately long, its length slightly

more than 0.60 of HL. Pectoral-fin margin

distinctly convex, with middle ray longest.

First pectoral-fin ray spinous with smooth

margins, spine short with length slightly

more than one-half that of first branched

ray; ray prolonged as filament in presumed

mature male specimens.

Preanal vertebrae 12 to 15 [15]; precau-

dal vertebrae 10 to 13 [11]; caudal verte-

brae 27 to 29 [28]; total vertebrae 39 to 42

[39], with 39 and 40 vertebrae most com-

mon, and 42 vertebrae in only 1 of 54 ra-

diographed specimens (total includes radio-

graphed non-type specimens). Ribs 8 to 1

1

[10].

Coloration in alcohol.—Overall ground

coloration of head and body pale and over-

lain with rounded, large, brown chromato-

phores. Dark pigmentation on head and

body tends to be more concentrated dorsal-

ly. Expanded chromatophores blend togeth-

er to form uniform brown cast on some por-

tions of body in most specimens. Ventral

surface of abdomen and head pale except

for scattered chromatophores on abdomen
in some specimens and broad band of scat-

tered, dark chromatophores that extend

from symphysis of lower jaw to opercle.

Dorsal fin pale with some dark pigmen-

tation basally that forms somewhat diffuse

spot with margin of spot in form of semi-

circle. Anal fin pale with scattered dark

chromatophores basally. Pelvic and pectoral

fins pale. Caudal fin with few scattered dark

chromatophores that extend distally to at

least middle of fin rays.

Maxillary barbel with scattered dark pig-

mentation basally and pale distally. Mental

barbels pale.

Coloration in life.—Le Bail et al. (2000:

147) provided a photograph of a live spec-

imen of the species (identified therein as

Pseudocetopsis cf. minutus), photographed

in an aquarium immediately after capture.

The overall dark pigmentation visible in the

photograph is comparable to that in the pre-

served specimens, but the head, body, and

fins of the specimen have an overlying sil-

very sheen that is absent in preserved ma-
terial.

Sexual dimorphism.—The presumed ma-
ture males of P. orientale have filaments

present on the dorsal and pectoral fins and

have the anal-fin margin slightly convex.

Juveniles and females of the species, in

contrast, lack filaments on the fins and have

a straight anal-fin margin.

Distribution.—Pseudocetopsis orientale

is known from the Atlantic coastal rivers of

Suriname and French Guiana, in the region

from the Corantijn River, that forms the

border between Suriname and Guyana, to

the Fleuve Oyapock-Rio Oiapoque along

the French Guiana-Brazil border. Given the

presence of this species in the Surinamese

tributaries of the Corantijn River, it likely

also occurs in the left-bank tributaries to

that river in Guyana. Similarly it is likely

that the species also occurs in the portions

of the Rio Oiapoque basin within Brazil.

Etymology.—The species name, orienta-

le, from the Latin for eastern, refers to the

distribution of this species in the eastern

most portions of the known distribution of

the Cetopsinae.

Ecology.—The type locality is a rainfo-

rest stream bordered by overhanging vege-

tation that at the time of the collection had

low (40 cm deep), clear, slowly-moving wa-

ter over a sand bottom with mud along the

banks. The holotype and paratypes captured

with it came from holes and fissures in de-

caying branches submerged along the side

of the stream (C. Weber, MHNG, pers.

comm.). Mol et al. (2000:430) characterize

the Maykaboeka Kreek as a low-gradient,

second order drainage running through un-

disturbed rainforest. Non-type specimens

from Degrad Florian in the Fleuve Iracoubo

basin, French Guiana (MNHN 2002-1101),

were captured in a stream approximately 3

m wide and 10-59 cm deep in clear, but

slightly tea-colored waters in areas with

slow current densely shaded by the gallery

forest. Observations at that locality indicate

that during the day Pseudocetopsis orien-
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tale is hidden in the sediment under leaves

or roots (PK).

Remarks.—The question of generic hm-
its within the Cetopsinae has been dis-

cussed by various authors in recent years

including Ferraris & Brown (1991), Lund-

berg & Rapp Py Daniel (1994), and Ferraris

(1996). Ongoing phylogenetic studies indi-

cate that a revamping of some generic def-

initions within the Cetopsinae may be nec-

essary, but in the interim we assign the new
species to Pseudocetopsis in keeping with

the definition of that genus proposed by

Ferraris & Brown (1991).

Pseudocetopsis minutus, which was orig-

inally described by Eigenmann (1912:211)

as Hemicetopsis minutus from the Essequi-

bo River system, has been reported by sub-

sequent authors from a series of localities

distant from that drainage basin including

French Guiana (see synonymy above), the

Rio Trombetas in the Amazon basin in Bra-

zil (Ferreira, 1995:52), the Rio Caroni in

Venezuela (Taphorn & Garcia Tenia, 1991,

fig. 3; Lasso et al., 1990:1 17) and other riv-

ers in that country (Machado-Allison et al.,

1993:65, as Hemicetopsis minimus). Ongo-

ing studies indicate that P. minutus is rather

apparently endemic to the Essequibo River

basin of Guyana and our comparisons here-

in of P. orientale are limited to material of

P. minutus from that river basin.

Comparative material examined.—Pseu-

docetopsis minuta: British Guiana (=Guy-
ana) Amatuk (5°18'N, 59°18'W), FMNH
53262, 1 (18 mm SL, holotype of Hemi-

cetopsis minutus). Siparuni VIII-2: Esse-

quibo River at Essequibo campsite

(04°45'41"N, 58°45'53"W), ANSP 175839,

1 (21 mm SL).
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Abstract.—Karyotypes of nine species of Philippine mammals representing

five orders are presented. Chromosomes of six species are described for the

first time, including three endemic insectivores (Podogymnura truei, Crocidura

beatus, C. grayi), the endemic dermopteran {Cynocephalus volans), an endemic

squirrel {Sundasciurus philippinensis), and a widespread viverrid {Viverra tan-

galunga). Some species endemic to the oceanic Philippines have unique kar-

yotypes whereas other endemics and widespread Asian species have karyotypes

that are similar, or identical, to those of related species or conspecifics occurring

outside the archipelago. These data corroborate patterns of karyotype variation

previously documented for Philippine bats and murid rodents.

For more than a century, the terrestrial

mammal fauna of the Philippines has been

recognized as a unique assemblage (Thom-

as 1898). All portions of this remarkable

fauna, which includes 179 species repre-

senting nine orders, are characterized by a

high proportion of endemic species. More
than 60% of the mammal fauna, as a whole,

is endemic (Heaney et al. 1998). For bats

and murid rodents, the two largest faunal

components, cytogenetic studies have pro-

vided insight into how these groups have

diversified within the archipelago (Rickart

et al. 1989, Rickart & Musser 1993, Rickart

et al. 1999, Rickart & Heaney 2002). These

studies suggest that chromosomal data on

other Philippine taxa may help clarify their

phylogenetic and biogeographic relation-

ships. Accordingly, this report presents kar-

yotypes of nine species representing five or-

ders (Insectivora, Dermoptera, Primates,

Rodentia, and Carnivora).

Methods

Specimens were collected during field

studies conducted in 1987 (on Leyte, Bili-

ran and Negros islands), 1988 (Luzon Is-

land), and 1993 (Mindanao Island). Live-

trapped animals were processed and killed

with sodium pentobarbital within 24 h of

capture, and karyotypes prepared from
bone marrow and/or spleen cells following

in vivo methodology (Patton 1967, Rickart

et al. 1989). Material from freshly killed an-

imals caught in snap traps was processed in

vitro (Rickart et al. 1998). Cells were pro-

cessed and fixed in the field, and standard

(non-differentially stained) karyotypes were

prepared from stored cell suspensions.

Preparations of silver-stained nucleolus or-

ganizer regions (Ag-NORs; Howell &
Black 1980) and G-banded chromosomes

(Seabright 1971) were made for some taxa.

A minimum of 10 chromosomal spreads

was examined from each preparation. Chro-

mosome terminology follows Rickart and

Musser (1993). As used herein, fundamen-

tal number (FN) refers to the total number

of chromosome arms in the female karyo-

type (including those of sex chromosomes).

Species nomenclature follows Heaney et al.

(1998).

Voucher specimens were prepared as

skins with partial skeletons, complete skel-

etons, or preserved in fluid, and are depos-
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ited in the Field Museum of Natural His-

tory, Chicago, IL (FMNH), the National

Museum of Natural History, Smithsonian

Institution, Washington, DC (USNM), and

the Philippine National Museum, Manila

(PNM). Microscope slides of chromosomal

preparations and photomicrograph nega-

tives cross-referenced to cataloged voucher

specimens are housed at the Utah Museum
of Natural History, University of Utah, Salt

Lake City.

Specimens Examined

Podogymnura truei Mearns, 1905.

—

Mindanao Island, Bukidnon Province,

Mount Kitanglad Range, 16.5 km S, 4 km
E Camp Phillips, elev. 1900 m, 8°10'30"N,

124°5rE, 2 males (FMNH 147793,

147798).

Crocidura beatus Miller, 1910.—Leyte

Island, Leyte Province, Mount Pangasugan,

10 km N, 4.5 km E Baybay, elev. 950 m,

10°47'N, 124°50'E, 1 male (USNM
457984).

Crocidura grayi Dobson, 1890.—Luzon

Island, Camarines Sur Province, Mount Is-

arog, 4 km N, 22 km E Naga, elev. 1750

m, 13°40'N, 123°22'E, 1 female, 1 male

(USNM 573607, 573617).

Suncus murinus (Linnaeus, 1766).—Ne-

gros Island, Negros Oriental Province, Sil-

liman Farm, Dumaguete, elev. 5 m,

09°18'N, 123°18'E, 2 males (USNM
457996, 457997); Mount Guinsayawan, 3

km N, 17 km W Dumaguete, elev. 1470 m,

9°22'N, 123°9'E, 1 female, 1 male (USNM
458970, 458972).

Cynocephalus volans (Linnaeus,

1758).—Leyte Island, Leyte Province, 7 km
N Baybay, elev. 10 m, 10°45'N,

124°47'30"E, 1 female (USNM 458982).

Tarsius syrichta (Linnaeus, 1758).

—

Leyte Island, Leyte Province, 7 km N, 1.5

km E Baybay, elev. 50 m, 10°45'N,

124°48'E, 1 male (PNM specimen, EAR
field number 1441); Mount Pangasugan,

10.2 km N, 2.2 km E Baybay, elev. 320 m,

10°46'N, 124°49'E, 1 male (USNM

459818); Mount Pangasugan, 8.5 km N, 2.5

km E Baybay, elev. 500 m, 10°45'30"N,

124°49'30"E, 1 male (USNM 458723).

Sundasciurus philippinensis (Water-

house, 1839).—Biliran Island, Leyte Prov-

ince, 5 km N, 10 km E Naval, elev. 850 m,

11°36'N, 124°29'E, 1 male (USNM
459821).

Paradoxurus hermaphroditus (Pallas,

Mil).—Leyte Island, Leyte Province, 7 km
N, 1.5 km E Baybay, elev. 50 m, 10°45'N,

124°48'E, 1 male (USNM 458891); Mount
Pangasugan, 10 km N, 2 km E Baybay,

elev. 300 m, 10°46'N, 124°49'E, 1 male

(USNM 459999).

Viverra tangalunga Gray, 1832.—Leyte

Island, Leyte Province, Mount Pangasugan,

10 km N, 2 km E Baybay, elev. 300 m,

10°46'N, 124°49'E, 1 male (USNM
460000).

Results

Order Insectivora

Family Erinaceidae

Podogymnura truei. 2N = 40, FN = 76,

Fig. lA.—The karyotype of the Mindanao

gymnure includes 1 1 pairs of small to large-

sized metacentric or submetacentric auto-

somes, 6 pairs of medium-sized subtelocen-

tric autosomes, and 2 pairs of small or me-

dium-sized telocentric autosomes. The
small X chromosome is submetacentric,

and the minute Y chromosome appears to

be telocentric.

Family Soricidae

Crocidura grayi. 2N = 38, FN = 58, Fig.

IB.—The karyotype of the Luzon shrew in-

cludes 4 pairs of small to medium-sized

submetacentric autosomes, 5 pairs of small

to large-sized subtelocentric autosomes, and

9 pairs of small to large-sized telocentric

autosomes. The X chromosome is medium-

sized and subtelocentric, and the small Y
chromosome is submetacentric.

Crocidura beatus. 2N = 38(?), FN = ?,

not figured.—A poor quality in-vivo prep-
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aration yielded preliminary information on

the chromosomes of this species which is

endemic to the Mindanao faunal region.

The modal chromosome count from multi-

ple spreads was 38, indicating a karyotype

similar to that of C grayi (Fig. IB).

Suncus murinus. 2N = 40, FN = 60, Fig.

IC.—Specimens of the Asian house shrew

from Negros Island have a karyotype that

includes 4 pairs of small to large-sized sub-

metacentric autosomes, 5 pairs of small to

medium-sized subtelocentric autosomes,

and 10 pairs of medium to large-sized telo-

centric autosomes. Both the X and Y chro-

mosomes are submetacentric.

Order Dermoptera

Family Cynocephalidae

Cynocephalus volans. 2N = 38, FN =

40, Fig. 2.—The standard karyotype of a

female Philippine flying lemur from Leyte

Island includes 18 pairs of small to large-

sized telocentric autosomes and a pair of

medium-sized submetacentric X chromo-

somes. A G-banded preparation reveals G-

positive bands on the nine largest auto-

somes. The X chromosome is largely G-

positive. Ag-NORs are located terminally

on the smallest telocentric autosomes.

Order Primates

Family Tarsiidae

Tarsius syrichta. 2N = 80, FN = 94, Fig.

3A.—Karyotypes of male Philippine tarsi-

ers from Leyte Island include 6 pairs of

small to large-sized metacentric or sub-

metacentric autosomes and 33 pairs of

small to large-sized telocentric autosomes.

The submetacentric X and minute Y chro-

mosomes are, respectively, the largest and

smallest elements in the karyotype.

Order Rodentia

Family Sciuridae

Sundasciurus philippinensis. 2N = 38,

FN = 72, Fig. 3B.—The karyotype of a

male Philippine tree squirrel from Biliran

Island includes 9 pairs of metacentric or

submetacentric autosomes, 7 pairs of sub-

telocentric autosomes, and 2 pairs of small

telocentric autosomes. The medium-sized X
chromosome is submetacentric and the mi-

nute Y chromosome appears to be telocen-

tric.

Order Carnivora

Family Viverridae

Paradoxurus hermaphroditus. 2N = 42,

FN = 72, Fig. 4A.—Specimens of the com-
mon palm civet from Leyte Island have a

karyotype that includes 8 pairs of small to

large-sized metacentric or submetacentric

autosomes, 6 pairs of small to large-sized

subtelocentric autosomes, and 6 pairs of

small to medium-sized telocentric auto-

somes. The medium-sized X chromosome
is submetacentric, and the small Y chro-

mosome is telocentric.

Viverra tangalunga. 2N = 36, FN = 64,

Fig. 4B.—The karyotype of a male Malay
civet from Leyte Island includes 7 pairs of

small to large-sized metacentric or sub-

metacentric autosomes, 6 pairs of small to

large-sized subtelocentric autosomes, and 4

pairs of small telocentric autosomes. The X
chromosome is large and submetacentric

and the small Y chromosome is telocentric.

Discussion

The 2N = 40, FN = 76 karyotype of

Podogymnura truei (Fig. lA) is the first re-

ported for the gymnure subfamily Hylo-

myinae. It differs substantially from those

of hedgehogs (subfamily Erinaceinae)

which have relatively uniform karyotypes

of 2N = 48, FN = 90-96 and X chromo-

somes that are substantially larger than that

of P. truei (Gropp 1969, Bhatnagar & El-

Azawi 1978, Hubner et al. 1991, Reumer &
Meylan 1986).

The widespread genus Crocidura dis-

plays extensive interspecific chromosomal

variation (Maddalena & Ruedi 1994, Zima
et al. 1998). There are seven species of

Crocidura in the Philippines (Heaney &
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Ruedi 1994) of which two have been kar-

yotyped (this study). The 2N = 38, FN =

58 karyotype of C grayi (Fig. IB) resem-

bles those of several species with 2N = 38,

FN = 54-58 from islands of the Sunda

Shelf and from Sulewesi (Ruedi & Vogel

1995). It also is similar to the presumed an-

cestral arrangement for Crocidura (Mad-

dalena & Ruedi 1994). The apparent simi-

larity in the karyotypes of C. grayi and C.

beatus is consistent with morphometric and

allozyme data that place these species as

sister-taxa (Heaney & Ruedi 1994). The

limited data available suggest that the di-

versification of Philippine Crocidura has

not involved major chromosomal rearrange-

ments of the sort seen for members of the

genus in Sulewesi (Ruedi & Vogel 1995),

or for Philippine rodents of the genus Apo-

mys (Rickart & Musser 1993, Rickart &
Heaney 2002).

Suncus murinus is a chromosomally
polymorphic species (2N = 30-40) found

throughout much of southeast Asia (Yosh-

ida 1985, Zima et al. 1998). It occurs

throughout the Philippines as a non-native
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commensal (Heaney et al. 1998), and on

Negros Island, it also is naturalized and

abundant in primary forest habitat (Heaney

et al. 1989). Both commensal and natural-

ized animals from Negros have identical

karyotypes of 2N = 40, FN = 60 (Fig. IC).

This same arrangement has been reported

for specimens from much of southeast Asia

(Zima et al. 1998). Medina and Leonard

(1977) reported a karyotype of 2N = 40,

FN = 54 for S. luzoniensis (a synonym of

S. murinus) from Luzon Island. The differ-

ence in FN compared to the Negros speci-

mens most likely reflects variable assess-

ment of minute secondary arms on subtel-

ocentric autosomes.

The 2N = 38, FN = 40 karyotype of

Cynocephalus volans (Fig. 2), one of two

members of the mammalian order Dermop-

tera, is reported here for the first time. This

also corrects an erroneous report by Hsu
and Benirschke (1973). They published

identical karyotypes of 2N = 56, FN = 72

for a specimen of Galeopterus variegatus

from Malaysia and for an animal at the Lin-

coln Park Zoo, Chicago, originally identi-

fied as C volans. After the latter died, it

was sent to the Field Museum where it was

accessioned and correctly identified as Gal-

eopterus (FMNH 60308; W. Stanley, pers.

comm.). The two dermopterans have sub-

stantially different karyotypes. Cynocephal-

us lacks nine pairs of autosomes present in

Galeopterus, including seven pairs of small

to large-sized biarmed chromosomes, and

the X chromosome of the former is sub-

metacentric whereas that of the latter is

metacentric (Fig. 2; Hsu & Benirschke

1973). The Ag-NORs of Cynocephalus are

located on the smallest autosomal pair (Fig.

2). In Galeopterus, this same pair bears sec-

ondary constrictions (Hsu & Benirschke

1973). This chromosomal distinctiveness is

in accord with the substantial morphologi-

cal and ecological differences that suggest

ancient divergence of the two species and

supports their placement in separate genera

(Stafford & Szalay 2000).

The karyotype of Tarsius syrichta from

Leyte Island (Fig. 3A) is identical to those

previously reported for specimens from

Mindanao (Boer & Boer-Van der Vlist

1973, Dutrillaux & Rumpler 1988). Tarsius

bancanus also has 2N = 80, FN = 94

(Klinger 1963), but its karyotype differs

from that of T. syrichta in the size and rel-

ative arm lengths of several of the biarmed

autosomes. Tarsius dianae from central Su-

lawesi is the only other tarsier that has been

karyotyped. Its arrangement of 2N = 46,

FN = 82 (Niemitz et al. 1991) differs from

those of T. syrichta and T. bancanus by

multiple Robertsonian and non-Robertso-

nian events. Chromosomal data support

phylogenetic hypotheses based on compar-

ative morphology and behavior that asso-

ciate the Philippine and Sundaic species {T.

syrichta and T. bancanus) as relatively spe-

cialized forms separate from the three spe-

cies of Sulawesian tarsiers (Niemitz 1977,

Musser & Dagosto 1987, Dagosto et al.

2001).

The 2N = 38, FN = 72 karyotype of

Sundasciurus philippinensis (Fig. 3B) is re-

ported here for the first time. It is identical

to that of S. jentinki, the only other member
of the genus that has been karyotyped (Har-

ada & Kobayashi 1980). Among callosci-

urine squirrels, Dremomys rufigenis and

Callosciurus albescens also share this ar-

rangement (Nadler & Hoffmann 1970, Har-

ada & Kobayashi 1980), and several other

species of Callosciurus have karyotypes of

2N = 40, FN = 70-74 that differ only

slightly from that of S. philippinensis (Nad-

ler et al. 1975, Yong Hoi-Sen et al. 1975,

Oshida & Yoshida 1999). The available

data suggest that callosciurines are chro-

mosomally conservative.

A karyotype of 2N = 42, FN = 78 was

reported previously for Paradoxurus her-

maphroditus from India (Ray-Chaudhuri et

al. 1966). The karyotype of Philippine

specimens (Fig. 4A) is similar, but appears

to have fewer subtelocentric and more telo-

centric elements (FN = 72). In other re-

spects, the two karyotypes are identical.

The 2N = 36, FN = 64 karyotype of
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Viverra tangalunga (Fig. 4B) is the first re-

ported for this widespread southeast Asian

species. Viverra zibetha, the only other

member of this genus that has been exam-

ined has a substantially different karyotype

of 2N = 38 and FN = 68 (Pathak 1971).

Among members of the subfamily Viverri-

nae that have been examined, Viverricula

indica is the only species with 2N = 36

(Wurster & Benirschke 1968). However,

Viverra tangalunga has more telocentric

and fewer subtelocentric autosomes, and a

significantly smaller Y chromosome than

does Viverricula.

Interpretation of these chromosome data

is limited, in some cases, by the lack of

comparative information on related taxa.

Nonetheless, some general patterns of var-

iation are apparent. Members of the endem-

ic genera Podogymnura and Cynocephalus

have karyotypes that differ substantially

from those of related taxa. In contrast, en-

demic species of Tarsius, Crocidura, and

Sundasciurus, and the widespread species

Suncus murinus and Paradoxurus herma-

phroditus have karyotypes that are similar,

or identical, to those of closely related spe-

cies or conspecifics occurring elsewhere in

Asia. These results mirror patterns of chro-

mosomal variation documented for Philip-

pine bats and murid rodents (Rickart et al.

1999, Rickart & Heaney 2002). Most en-

demic taxa have karyotypes that are unique

compared to relatives occurring outside of

the Philippines. Some widespread species

exhibit chromosomal polymorphism, in

which Philippine populations have unique

karyotypes. The general pattern is one of

chromosomal rearrangement occurring as a

result of isolation. The degree to which this

pattern is expressed appears to be largely a

function of how long a particular group has

been present within the archipelago.
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Abstract.—Early zoeas of Athanas parvus De Man are described and illus-

trated in detail, based on laboratory-hatched eggs from females collected in

Sangju, Korea. This is the first record of the genus Athanas Leach from Korean

waters. The zoeal characteristics of Athanas species are compared with those

of species of the other four alpheid genera for which larvae are known. Based

on morphological similarity, larval characters of Athanas species support a

close relationship between the Alpheidae and Palaemonidae.

The small shrimps of the genus Athanas

Leach, 1814 are usually found in dead coral

heads, pools under rocks, and sandy or

muddy beaches. Some species are found in

permanent association with sea urchins, liv-

ing between the spines on the oral surface

(Banner & Banner 1973). Ten species of the

family Alpheidae, belonging to four genera

have been recorded from Korean waters

(Yang & Anker 2003). However, species of

the genus Athanas have not been reported

from Korean waters to date.

Larvae of three species of Athanas have

been described so far: A. djiboutensis Cou-

tiere, 1897, first zoea obtained from Ghar-

daqa (Gurney 1938); A. dimorphus Ort-

mann, 1894, first zoea based on plankton

material from the Red Sea (Gurney 1927)

and first three zoeal stages from India (Bhu-

ti et al. 1977); and A. nitescens (Leach,

1814), first three zoeal stages from the U.K.

(Lebour 1932), and other descriptions based

on plankton material (Sars 1906, William-

son 1915, Webb 1921, Kurian 1956, Bour-

dillon-Casanova 1960, Williamson 1967).

This study describes and illustrates in de-

tail the early zoeal stages of A. parvus De
Man, 1910, and compares morphological

characteristics of the zoea of species of

Athanas with those of the other four alpheid

genera for which larvae are known.

Material and Methods

On 21 July 1997, ovigerous females of

Athanas parvus were collected from oyster

raft cultures in Sangju, Korea (34°43'00"N,

127°59'30"E). Ten newly hatched zoeas

were removed and placed in each of six

glass bowls containing 33.3%o filtered sea-

water, and kept in a growth chamber at

25°C. Larvae were fed daily with the mi-

croalga Dunaliella tertiolecta Butcher, and

some specimens in each stage were pre-

served in 7% neutral formalin. Drawings

were made with the help of a camera lucida.

Measurements and setal counts were based

on the mean of ten specimens for each

zoeal stage. Total length (TL) was mea-

sured from the rostral tip (postorbital mar-

gin for the first zoea) to the posteromedian

margin of the telson, excluding posterior se-

tae. Carapace length (CL) was measured

from the postorbital margin to the postero-

median margin of the carapace. The setal

armature of appendages is described from

proximal to distal segments. The chromato-

phore pattern was determined by observa-

tion of living zoeas.
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Results

Four zoeal stages were obtained. When
the fourth zoea molted to the fifth zoea, the

larvae died because of their inability to ex-

tricate themselves from the fourth zoeal

exoskeleton. The first zoeal stage is de-

scribed in detail, and for subsequent stages

only main differences from previous stage

are given.

First zoea

Fig. 1

Duration. 18-20 hours.

TL. 1.38 (1.26-1.46) mm; CL. 0.26

(0.24-0.32) mm.
Carapace (Fig. lA). Rostrum absent; an-

terior dorsomedian papilla present; ptery-

gostomian spine present; supraorbital and

antennal spines absent; anteroventral and

posteroventral denticles absent; eyes ses-

sile.

Antennule (Fig. IC). Peduncle unseg-

mented; inner flagellum with long plumose

seta; outer flagellum with 3 aesthetascs,

short plumose seta, and long simple seta.

Antenna (Fig. ID). Peduncle with basal

spine; endopod spine-like, less than one-

third length of scale; scale 4-segmented,

with 1 1 plumose setae and distolateral

spine.

Mandibles. Rudimentary.

Maxillule (Fig. IE). Coxal endite with

subterminal seta and 3 terminal setae; basial

endite with 2 stout spines and short subter-

minal seta; endopod segmented, with 2 ter-

minal setae.

Maxilla (Fig. IF). Coxal endite with 2

setae; basial endite bilobed, with 3 + 4 se-

tae; endopod with 3(1 basal + 2 terminal)

setae and fine marginal hairs; scaphognath-

ite with 5 plumose setae.

First maxilliped (Fig. IG). Coxa with

seta; basis unarmed; endopod segmented,

with 3 terminal setae; exopod with 4 ter-

minal natatory setae.

Second maxilliped (Fig. IH). Coxa un-

armed; basis unarmed; endopod 4-segment-

ed, with 0, 0, 1, 3 setae; exopod with 4

terminal natatory setae.

Third maxilliped (Fig. II). Coxa un-

armed; basis with simple seta; endopod 4-

segmented, with 0, 0, 2, 2 setae; exopod

with 5 (1 subterminal + 4 terminal) nata-

tory setae.

Pereiopods (Fig. IJ). Pereiopod 1 bira-

mous; pereiopods 2-4 absent; pereiopod 5

uniramous.

Abdomen (Fig. lA). Composed of 5 so-

mites, sixth somite not differentiated; all so-

mites without spines; third somite bent;

third to fifth somites with pairs of dorso-

median setae; pleopods absent.

Telson and uropods (Fig. IB). Telson

subtriangular, with 7 + 7 marginal setae;

outermost 2 pairs plumose only on inner

side; bases of all setae except outermost

with row of minute spinules. Uropods vis-

ible.

Chromatophores (Fig. lA). Dark red

chromatophores present on peduncles of an-

tennule and antenna, superolateral margin

of each eye, anterior dorsomedian papilla of

carapace, ventral margin of carapace, dor-

solaterally on carapace, bases and exopods

of first, second, and third maxillipeds, en-

dopod of third maxilliped, rudiments of pe-

reiopods 1 and 5, dorsally on second to fifth

abdominal somites, ventrally on first and

fourth to fifth abdominal somites, and tel-

son. Yellow chromatophores present on pe-

duncle of antennule and laterally on second

and third abdominal somites.

Second zoea

Fig. 2

Duration. 1-2 days.

TL. 1.53 (1.52-1.54) mm; CL. 0.28

(0.26-0.32) mm.
Carapace (Fig. 2A, B). Rostrum short,

not extending beyond eyes; eyes stalked.

Antennule (Fig. 2D). Peduncle 2-seg-

mented, with 3 and 4 setae.

Antenna (Fig. 2E). Unchanged.

Mandibles (Fig. 2F). Palp absent; left and
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Fig. 1. First zoea of Athanas parvus De Man, 1910. A, habitus, lateral view; B, telson and uropods, dorsal

view; C, antennule; D, antenna; E, maxillule; F, maxilla; G, first maxilliped; H, second maxilliped; I, third

maxilliped; J, pereiopods 1 and 5. Exopod shown truncated in G-I. Scale bars = 0.1 mm.

right mandibles without spine between mo-
lar and incisor processes.

Maxillule (Fig. 2G). Coxal endite with 5

setae; basial endite with 2 spines and 2 se-

tae.

Maxilla (Fig. 2H). Unchanged.

First maxilliped (Fig. 21). Unchanged.

Second maxilliped (Fig. 2J). Basis with

2 small marginal spiniform setae; endopod

5-segmented, with 0, 0, 0, 1,3 setae.

Third maxilliped (Fig. 2K). Unchanged.

Pereiopods (Fig. 2L). Pereiopods 1 and 5

longer; pereiopod 2 biramous as bud; pe-

reiopod 3 uniramous.

Abdomen (Fig. 2A, B). Unchanged.

Telson and uropods (Fig. 2C). Telson
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Fig. 2. Second zoea of Athanas parvus De Man, 1910. A, habitus, lateral view; B, habitus, dorsal view; C,

telson and uropods, dorsal view; D, antennule; E, antenna; F, mandibles; G, maxillule; H, maxilla; I, first

maxilliped; J, second maxilliped; K, third maxilliped; L, pereiopods 1-3 and 5. Exopod shown truncated in I-K.

Scale bars = 0.1 mm.
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with 8 + 8 marginal setae; outermost pair

plumose only on innerside. Uropods un-

changed.

Third zoea

Fig. 3

Duration. 2-3 days.

TL. 1.60 (1.56-1.62) mm; CL. 0.29

(0.28-0.32) mm.
Carapace (Fig. 3A, B). Rostrum longer.

Antennule (Fig. 3D). Peduncle with 8

and 6 setae.

Antenna (Fig. 3E). Scale 2-segmented.

Mandibles (Fig. 3F). Left mandible with

2 spines (lacinia mobilis) between molar

and incisor processes; right mandible with

spine at corresponding site.

Maxillule (Fig. 3G). Unchanged.

Maxilla (Fig. 3H). Unchanged.

First maxilliped (Fig. 31). Unchanged.

Second maxilliped (Fig. 3J). Unchanged.

Third maxilliped (Fig. 3K). Unchanged.

Pereiopod 1 (Fig. 3L). Basis with simple

seta; endopod 4-segmented, with 0, 0, 2, 1

setae; exopod with 4 terminal natatory se-

tae.

Pereiopods 2-3. Unchanged.

Pereiopod 5 (Fig. 3L). Endopod 5-seg-

mented, with 0, 0, 0, 0, 1 setae; dactylus

elongated, sharply pointed, with 4 distal

denticles facing mouthparts.

Abdomen (Fig. 3A, B). Sixth somite now
differentiated from telson; posterolateral

margin acute.

Telson and uropod (Fig. 3C). Telson with

7 + 7 marginal setae; posterior width

slightly greater than anterior width. Uropod
free: endopod rudimentary; exopod with 6

plumose setae.

Fourth zoea

Fig. 4

Duration. 3-4 days.

TL. 1.65 (1.62-1.67) mm; CL. 0.34

(0.27-0.36) mm.
Carapace (Fig. 4A, B). Unchanged.

Antennule (Fig. 4D). Proximal segment

of peduncle with 10 plumose setae; outer

flagellum with 3 aesthetascs, 2 plumose se-

tae, and simple seta.

Antenna (Fig. 4E). Unchanged.

Mandibles (Fig. 4F). Unchanged.

Maxillule (Fig. 4G). Unchanged.

Maxilla (Fig. 4H). Basial endite with 4

+ 5 setae.

First maxilliped (Fig. 41). Unchanged.

Second maxilliped (Fig. 4J). Unchanged.

Third maxilliped (Fig. 4K). Basis with 2

setae; endopod 5-segmented, with 0, 0, 0,

2, 2 setae.

Pereiopod 1 (Fig. 4L). Basis with 2 sim-

ple setae.

Pereiopods 2-4. Unchanged.

Pereiopod 5 (Fig. 4M). Unchanged.

Abdomen (Fig. 4A, B). Unchanged.

Telson and uropod (Fig. 4C). Telson nar-

rower, with 4 + 4 marginal setae; posterior

width slightly narrower than anterior width.

Uropod developed: endopod with 8 plu-

mose setae; exopod with 12 plumose setae.

Discussion

There are larval descriptions for 17 spe-

cies in seven genera of Alpheidae from the

Indo-West Pacific (Yang & Kim 2002). The

larval descriptions of Alpheopsis garricki

Yaldwyn, 1971 and Betaeopsis aequimanus

(Dana, 1852) (see Packer 1985) are not suf-

ficiently informative for comparisons. How-
ever, useful comparison of early zoeas is

possible between the remaining genera: Al-

pheus Fabricius, 1798, Athanas, Automate

De Man, 1888, Synalpheus Bate, 1888, and

Vexillipar Chace, 1988. The zoeas of spe-

cies of these latter five genera can be dis-

tinguished from each other by the setation

of the endopods of the maxillule, the max-

illa, and the second maxilliped. In zoeas of

species of Athanas, Alpheus, and Vexillipar,

the endopod of the maxilla has 1+2 setae,

while in those of Automate and Synalpheus

the endopod is furnished with + 4 and 2

+ 3 setae, respectively. Zoeas of species of

Athanas are readily distinguished from

those of Alpheus and Vexillipar by having

two setae on the endopod of the maxillule,
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Fig. 3. Third zoea of Athanas parvus De Man, 1910. A, habitus, lateral view; B, habitus, dorsal view; C,

telson and uropod, dorsal view; D, antennule; E, antenna; F, mandibles; G, maxillule; H, maxilla; I, first max-

ilHped; J, second maxilliped; K, third maxilliped; L, pereiopod 1; M. pereiopod 5. Exopod shown truncated in

I-L. Scale bars = 0.1 mm.
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Fig. 4. Fourth zoea of Athanas parvus De Man, 1910. A, habitus, lateral view; B, habitus, dorsal view; C,

telson and uropod, dorsal view; D, antennule; E, antenna; F, mandibles; G, maxillule; H, maxilla; I, first max-

illiped; J, second maxilliped; K, third maxilliped; L, pereiopod 1; M, pereiopod 5. Exopod shown truncated in

I-L. Scale bars = 0.1 mm.
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and an unarmed proximal segment of the

endopod of the second maxilHped.

Lebour (1932) pointed out that the dif-

ferences between the larvae of Athanas and

Alpheus were the length of the dactylus of

the endopod of the third maxilliped in the

second zoea, and the number of the exo-

pods of the pereiopods in later stage zoeas.

The dactylus of the endopod of the third

maxilliped in the second zoea of Athanas

dimorphus Ortmann, 1894 (see Bhuti et al.

1977), A. parvus (present study), and Syn-

alpheus tumidomanus (Paulson, 1875) (see

Bhuti et al. 1977) is never elongated; in

species of Alpheus the dactylus is long, al-

though it becomes short in the third zoea

(see Yang & Kim 2002). The second zoea

of Betaeus truncatus Dana, 1852 and B.

emarginatus (H. Milne Edwards, 1837) (see

Albornoz & Wehrtmann 1997) has the dac-

tylus of the endopod of the third maxilliped

elongated. The length of the dactylus of the

endopod of the third maxilliped is, there-

fore, an important character of the second

zoea distinguishing the larvae of Athanas

and Synalpheus from those of Alpheus and

Betaeus. However, it is not possible at this

time to distinguish the second zoea of

Athanas from that of Automate dolichog-

natha De Man, 1888 (see Bhuti et al. 1977)

and Vexillipar repandum Chace, 1988 (see

Saito et al. 1998) because larval descrip-

tions of both species are limited to the first

stage.

Except for Periclimenes pandionis Hol-

thuis, 1951, larvae of the Alpheidae and the

Palaemonidae are characterized by both the

lack of a proximal endite on the maxilla,

and the lack of an outer seta on the base of

the maxillule, in all zoeal stages. Moreover,

the flexure of the third abdominal somite in

the first zoea of Athanas also occurs in lar-

vae of palaemonid species of the subfamily

Pontoniinae, e.g., Coralliocaris graminea

(Dana, 1852) and Harpiliopsis beaupresii

(Audouin, 1826) (see Gurney 1938, the lat-

ter as Harpilius beaupresii), and P. pan-

dionis (see Gore et al. 1981). As suggested

by Gurney (1938), these larval characters

support the view that the Alpheidae are

closely related to the Palaemonidae.
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Morphological variation in glochidia shells of six species of Elliptio

from Gulf of Mexico and Atlantic Coast drainages in the

southeastern United States

Christine A. O'Brien, James D. Williams, and Michael A. Hoggarth

(CAO'B, JDW) U.S. Geological Survey, Center for Aquatic Resources Studies,

Gainesville, Florida 32653;

(MAH) Department of Life and Earth Sciences, Otterbein College, Westerville, Ohio 43081

Abstract.—The genus Elliptio, with 36 currently recognized species, is the

largest genus in the family Unionidae in North America. The genus is repre-

sented by two species, Elliptio crassidens and E. dilatata, in the Interior Basin

and 34 species in drainages of the eastern Gulf of Mexico and Atlantic Coast.

The paucity and variation of conchological characters in the genus Elliptio

makes it extremely difficult to define species and determine relationships. We
examined glochidia from six species of Elliptio in an effort to determine if

there are useful characteristics for species level identification and/or characters

for identification of species groups. Elliptio species were selected to represent

different morphological groups from four drainages in the southeastern United

States. The glochidia from E. crassidens, E. dariensis, E. hopetonensis, E.

icterina, E. shepardiana, and E. mcmichaeli were qualitatively compared, using

scanning electron microscopy, with each other and with descriptions of these

and other Elliptio glochidia described in the literature. Two groups were iden-

tified. The crassidens group, including E. crassidens, E. dariensis, and E.

mcmichaeli, had subtriangular glochidia with a triangular styliform hook ex-

tending from the ventral margin of the valve and rough exterior valve sculp-

turing. Adults of this group had wrinkled or corrugated sculpturing on the

posterior slope of the shell. The complanata group, including E. hopetonensis,

E. icterina, and E. shepardiana, had subelliptical glochidia with a broad flange

extending the entire ventral margin and loose-looped exterior valve sculpturing.

Adults of this group lack sculpturing on the posterior slope of the shell. Dif-

ferences in glochidial morphometries were found, however, additional work is

needed to determine if they are reliable for species level identification.

The genus £^////7r/o, with 36 currently rec- inflated (e.g., E. hopetonensis) (Burch

ognized species, is the largest genus in the 1975). The paucity of conchological char-

family Unionidae in North America (Tur- acters and the extreme morphological vari-

geon et al. 1998). In the Interior Basin, this ation exhibited by most species makes it

genus is represented by two species, E. difficult to identify species and determine

crassidens and E. dilatata. The remaining relationships.

34 species are found in eastern Gulf of Clench & Turner (1956) characterized

Mexico and Atlantic Coast drainages, the genus Elliptio as "more confusing than

These 34 species are characterized by ex- any other in the Unionidae of North Amer-

treme morphological variation ranging from ica"—a statement which unfortunately re-

compressed lanceolate forms (e.g., E. she- mains true today. As the validity of some
pardiana) to those that are oval and highly Elliptio species has been questioned, and
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some will probably be found to be syno-

nyms, it is also likely there are valid species

that are not currently being recognized.

This uncertainty has resulted in reluctance

on the part of conservation agencies and or-

ganizations to take appropriate actions to

provide protection for some species. At

least one species, the winged spike, E. ni-

gella, is considered to be extinct (Brim Box
& Williams 2000), and another 22 have

been assigned a national conservation status

of endangered, threatened, or special con-

cern (Williams et al. 1993). While most rec-

ognized species of Elliptio have declined, it

is still possible to protect much of the di-

versity represented in this genus if action is

taken in the near future. Once discrete tax-

onomic entities are identified and their dis-

tribution accurately delineated only then

can conservation and management plans be

implemented.

The shells of Elliptio are usually mod-
erately to greatly elongated, dark olive

brown to black, often rayed in juveniles,

and lack sculpturing with the exception of

wrinkles or corrugations on the posterior

slope and umbos of some species. Nacre

color varies from white and highly irides-

cent to all shades of pink and red to deep

purple and violet. Soft parts are whitish to

flesh colored. The eggs are white. Branchial

papillae are present and usually simple but

dendritic papillae may be present; anal pa-

pillae are also present. The mantle margin

lacks papillae anterior to branchial aperture.

The glochidia are expelled from the mar-

supium in compacted masses called conglu-

tinates. All species of Elliptio utilize only

the outer gills as marsupia (Britton & Fuller

1980).

The genus Elliptio has been diagnosed as

having bookless or spineless glochidia (Ort-

mann 1912, Britton & Fuller 1980). How-
ever, we found hook-like structures on the

ventral margin of the glochidia of some El-

liptio glochidia. This hook-like structure,

"pseudohook," is not like those described

as a diagnostic character of the subfamily

Anodontinae (Clarke 1981, 1985). The

pseudohook is an expansion of the flange

on the ventral margin and is completely

covered with microstylets of a near uniform

size.

The paucity of information on Elliptio

glochidial morphology (Hoggarth 1999)

and host fish determinations (Walters 1994)

is surprising considering the widespread

distribution of the genus, high diversity (36

taxa), and the number of species with pop-

ulations large enough to be utilized for

study. Most of the work has been done on

the two Interior Basin species, E. crassidens

and E. dilatata, and one Atlantic Coast spe-

cies, E. complanata. The difficulty in the

identification and uncertainty surrounding

their distributional limits has likely contrib-

uted to the lack of glochidial morphology

and host fish research for the Atlantic Coast

and eastern Gulf species.

We examined glochidia from six species

of Elliptio in an effort to determine if there

are characters useful in species and/or

group identification. The Elliptio species

were selected to represent different mor-

phological groups from four drainages in

the southeastern United States. The glo-

chidial valve shape, lateral view, micro-

points, microstyle, valve sculpturing, and

hinge ligament length of E. crassidens, E.

dariensis, E. hopetonensis, E. icterina, E.

shepardiana, and E. mcmichaeli were com-

pared qualitatively, using scanning electron

microscopy (SEM). These species were

then compared with other Elliptio glochidia

described in published literature. Shells of

adult Elliptio were also evaluated using mu-

seum specimens and published descriptions

to determine if there were characteristics

useful in identifying species groups within

the genus Elliptio.

Materials and Methods

Gravid females representing six species

of Elliptio were collected by hand and

SCUBA. The valves were gently pried open

1 cm and the soft parts were visually in-

spected for swollen gills, which is usually
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indicative of eggs or glochidia. Three spe-

cies, E. dariensis, E. hopetonensis, and E.

shepardiana were collected from the Alta-

maha River, Appling County, Georgia, on

21 Apr 1996. A single gravid E. crassidens

was collected from Cooleewahee Creek,

Baker County, Georgia, on 2 Apr 1997, and

a single gravid E. icterina was collected

from Worthingon Springs, Dixie County,

Florida, on 21 May 1996. Fifteen E. mcmi-

chaeli were collected from the Choctaw-

hatchee River on 5 May 1986.

The gravid mussels were transported in

coolers with ambient temperature creek wa-

ter to the U.S. Geological Survey, Center

for Aquatic Resources Studies, Gainesville,

Florida, where they were held in 4-liter jars

until they released their glochidia. Female

mussels released their glochidia within two

weeks of their capture date. All of the glo-

chidia were collected from females that re-

leased their glochidia in captivity, except

for E. mcmichaeli. Glochidia of Elliptio

mcmichaeli were removed from specimens

that had been fixed in a 10% buffered so-

lution of formalin and stored in 70% etha-

nol. Glochidia collected alive were deter-

mined viable when a snapping response

was observed after a few salt crystals were

added to a small subsample of 50 to 100

individual glochidia (Zale & Neves 1982).

The viable glochidia were stored in 70%
ethanol and were later used to describe glo-

chidial morphology using SEM.
Tissue inside the glochidial shell was re-

moved by soaking them in a 5% sodium

hypochlorite solution for about 10 minutes.

The shells were then rinsed several times

with tap water and preserved in 70% etha-

nol (Kennedy et al. 1991). Several hundred

preserved shells were mounted on a double-

sided sticky carbon tape, air dried for 15

minutes, coated with gold, and examined

using SEM. Photos were taken of the valve

(250-500X), flange region (300-3,000X),

hinge ligaments (500- 1,000 X), and shell

sculpturing (15,000-30,000X) of the glo-

chidia from the six Elliptio species. The
flange is defined as a flattened area along

the ventral margin of glochidial valve with

microstylets, often referred to as micro-

points (small tooth-like projections located

along the flange). Measurements of the glo-

chidia were determined by averaging the

height (dorsal to ventral edge), length (an-

terior to posterior edge) and dorsal margin

(long edge) length measurements of the

glochidia under a stereo microscope with an

ocular micrometer (lOX). The number of

glochidia used to determine average mea-

surements varied because some of the glo-

chidia samples collected were small.

Shells of adult Elliptio in the Florida Mu-
seum of Natural History collection were ex-

amined to determine the presence or ab-

sence of wrinkled sculpturing on the pos-

terior slope. This character ranges in its de-

velopment from the obvious to the obscure

and may be absent in some individuals. It

is often best developed on the upper portion

of the slope nearest the umbo, which is of-

ten eroded, obscuring or removing any trace

of the sculpturing. We examined lots of E.

congarea, E. crassidens, E. dilatata, E. ho-

petonensis, E. dariensis, E. fraterna, E.

mcmichaeli, and E. shepardiana to evaluate

this character.

Results

Glochidial shell descriptions.—Elliptio

crassidens (Lamarck, 1819). Glochidium

subtriangular (Fig. la) with a length of 134

± 2.8 |JLm (130-138 iJim), a height of 150

± 6.9 |JLm (141-160 iJim), and a hinge

length of 85 ± 4.5 ixm (80-92 ixm) (Table

1). A triangular, styliform flange (hook),

covered with microstylets, extends from the

ventral aspect of each valve (Fig. lb, f). Mi-

crostylets are arranged in complete vertical

rows. The microstylets are longer toward

the middle and ventral margins of the valve

and smaller toward the distal edge and the

lateral margins of the valve. Valve outline

is asymmetric with the anterior margin

slightly more expanded than the posterior

margin (Fig. la). Ventral margin produced

into a nipple-like extension giving the valve
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Fig. L Eiliptio crassideiis. Scanning electron micrographs (SEM) of glochidium. a, exterior valve; b, interior

valve showing styliform hook; c, d, hinge; e, exterior valve sculpture; f, flange region with triangular styliform

hook.

its triangular shape (Fig. la). The hinge lig-

ament is located nearer the posterior margin

(Fig. Ic, d) than the anterior margin and the

valve is covered with rough exterior valve

sculpturing (Fig. le).

Eiliptio dariensis (Lea, 1842). Glochidi-

um subtriangular (Fig. 2a) with a length of

142 ± 5.5 |xm (135-151 iJim), a height of

166 ± 6.4 |jLm (157-172 ixm), and a hinge

length of 88 ± 5.0 jxm (81-95 ixm) (Table

1). Anterior and posterior margins subequal

with the anterior margin slightly more fully

rounded than the posterior margin. Ventral

margin produced into a nipple-like exten-

sion (Fig. 2a, e) giving the valve its trian-

gular shape. A triangular, styliform flange

extends from the ventral aspect of each

valve to form a hook (Fig. 2b, e). Microsty-

lets are arranged in complete vertical rows

on the flange (Fig. 2b). They are larger to-

ward the center of the flange and toward the

proximate edge of the flange, and smaller

near the distal edge of the hook and toward

the lateral margins of the valve. The hinge

ligament is slightly posterior of center (Fig.

2c) and the valve is covered with rough ex-

terior valve sculpturing (Fig. 2d).

Eiliptio mcmichaeli (Clench & Turner,

1956). Glochidium subtriangular (Fig. 3a)

with a length of 146 ± 7.9 |JLm (130-157

|jim), a height of 153 ± 5.8 iJim (149-161

|jLm), and a hinge length of 90 ± 9.4 ixm
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Table 1 .—The number of glochidia used to determine the measurements and standard deviation for six species

of EUiptio.

Number of

glochidia

Number of
females

Mean measurement ± SD

Species Length Height Hinge

(Triangular shape)

EUiptio crassidens 6 1 134 ± 3 150 ± 7 85 ± 5

(130-138 |xm) (141-160 |xm) (80-92 |xm)

EUiptio da riensis 6 3 142 ± 6 166 ± 6 88 ± 5

(135-151 ixm) (157-172 |xm) (81-95 |xm)

EUiptio mcmichaeU 10 5 146 ± 8 153 ± 6 90 ± 9

^
(130-157 [im) (149-161 fJLm) (80-110 |xm)

(Subelliptical shape)

EUiptio hopetonensis 10 4 206 ± 6 226 ± 4 137 ± 5

(197-215 |xm) (222-231 |xm) (130-145 |xm)

EUiptio icterina 10 1 203 ± 6 216 ± 11 141 ± 9

(195-215 |xm) (195-234 |xm) (125-148 |xm)

EUiptio shepardiana 10 2 241 ± 3 284 ± 6 148 ± 6

(238-245 [xm) (279-295 |xm) (140-160 fxm)

(80-110 |JLm) (Table 1). Anterior and pos-

terior margins subequal with the anterior

margin slightly more fully rounded than the

posterior margin. The ventral margin is pro-

duced into a nipple-like point (Fig. 3a-c)

giving the valve a triangular appearance.

Extending from the ventral margin of each

valve is a triangular, styliform hook (col-

lapsed in Fig. 3c). Microstylets cover the

hook in complete vertical rows. The mi-

crostylets are longer near the center of the

hook and become smaller laterally where

they intergrade into micropoints (Fig. 3c).

The hinge ligament is located slightly pos-

terior of center (Fig. 3d) and the valve is

covered with rough exterior valve sculptur-

ing (Fig. 3c).

EUiptio hopetonensis (Lea, 1838). Glo-

chidium depressed subelliptical (Fig. 4a)

with a length of 206 ± 5.8 |ULm (197-215

|jLm), a height of 226 ± 3.9 jjim (222-231

|jLm), and a hinge length of 137 ± 5.0 jjim

(130-145 |xm) (Table 1). Anterior and pos-

terior margins equal, but only slightly

rounded to a more fully rounded ventral

margin (Fig. 4a). A broad flange extends

from the ventral margin (Fig. 4b). This

flange is covered with microstylets in com-
plete vertical rows (Fig. 4d). These micro-

stylets are larger near the midpoint of the

ventral margin and grade into micropoints

laterally. The dorsal margin is straight,

long, and the hinge ligament is located

much nearer the posterior than the anterior

margin (Fig. 4c). The surface of the valve

is covered with loose-looped exterior valve

sculpturing (Fig. 4e).

EUiptio icterina (Conrad, 1834). Glo-

chidium depressed subelliptical (Fig. 5a)

with a length of 203 ± 6.4 ijim (195-215

|jLm), a height of 216 ± 10.5 |JLm (195-234

|jLm), and a hinge length of 141 ± 8.8 iJim

(125-148 (Jim) (Table 1). Anterior and pos-

terior margins equally, but only slightly

rounded to a more fully rounded ventral

margin. A wide ventral flange extends from

the margin (Fig. 5b). The flange is covered

in microstylets, (Fig. 5b, d) which are lon-

ger near the midpoint of the flange and

grade into micropoints laterally. The dorsal

margin is straight with the hinge ligament

located much nearer to the posterior margin

of the valve (Fig. 5c). Loose-looped exte-

rior valve sculpturing covers the exterior

surface of each valve (Fig. 5e) and that

sculpturing can even be seen extending

onto the surface of the microstylets on the

flange (Fig. 5d).

EUiptio shepardiana (Lea, 1834). Glo-

chidium subelliptical (Fig. 6a) with a length
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Fig. 2. Elliptio dariensis. SEM of glochidium. a, exterior valve; b, interior valve showing styliform hook;

c, hinge; d, surface sculpturing; e, internal view.

of 241 ± 3.3 |jLm (238-245 iJim), a height

of 284 ± 5.8 [xm (279-295 |jLm), and a

hinge length of 148 ± 6.3 |JLm (140-160

jjim) (Table 1). Anterior and posterior mar-

gins more or less equal and only slightly

rounded. The ventral margin is strongly

arched and supports a wide ventral flange

(Fig. 6b). The ventral flange is widest near

the middle of the ventral margin and tapers

to both anterior and posterior margins. The
flange supports numerous microstylets ar-

ranged in complete vertical rows which

grade into micropoints distally on the flange

and laterally toward the anterior and pos-

terior margins of the flange (Fig. 6c, d). The
hinge is straight and the hinge ligament is

positioned nearest the posterior margin of

the valve (Fig. 6c). Loose-looped valve

sculpturing covers the exterior surface of

each valve (Fig. 6e), and this sculpturing is

seen extending onto the ventral flange and

covering the microstylets (Fig. 6d).

Adult shell morphology.—Elliptio cras-

sidens is widespread in the Interior Basin

and eastward along the Gulf Coast from the

Amite River in Louisiana to the Ochlock-

onee River drainage in Florida (Brim Box
& Williams 2000). Populations in the Ap-

alachicola and Ochlockonee have been re-

ferred to as a distinct subspecies, E. incras-

satus. However, this taxon is generally not

recognized as valid. Elliptio crassidens is

large (length of 150 mm) and has a mod-
erate to thick shell with a prominent pos-
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Fig. 3. Elliptio mcmichaeli. SEM of glochidium. a, exterior valve; b, side view of valve; c, flange; d, hinge;

e, exterior valve sculpture.

terior ridge. It typically has sculpturing on

the posterior slope consisting of distinct

wrinkles or corrugations.

Elliptio dariensis is endemic to the Al-

tamaha River drainage, including the Ohoo-
pee and Ocmulgee rivers in Georgia. John-

son (1970, 1972) considered the distribu-

tion of this species to extend southward into

the St. Johns River system in peninsular

Florida. The shell is thin, large (length to

135 mm), and moderately inflated. The pos-

terior ridge is well defined with a broad

posterior slope. Similar to E. crassidens, the

posterior slope typically has sculpturing in

the form of numerous wrinkles.

Elliptio mcmichaeli is endemic to the

Choctawhatchee River system (Gulf of

Mexico drainage) in Alabama and Florida.

The shell is thin, moderately large (>110

mm in length), with a poorly developed

biangulated posterior ridge. The posterior

slope is broad, somewhat concave, with

sculpturing in the form of wrinkles that ra-

diate from the posterior ridge across the

slope to the dorsal margin.

Elliptio hopetonensis is endemic to the

Altamaha River drainage in Georgia. The

shell is moderately thin and large (155 mm
in length). The posterior ridge is broad and

rounded dorsally, but terminates in a bian-

gulation near the ventral margin. The pos-

terior slope is broad, somewhat concave,

and lacks any wrinkled or corrugated sculp-

turing.

Elliptio icterina is found in coastal drain-

ages from the Escambia River system in Al-

abama and Florida, east to peninsular Flor-

ida and north on the Atlantic Slope to
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^

Fig. 4. Elliptio hopetonensis. SEM of glochidium. a, exterior valve; b, interior valve showing expanded

flange of ventral margin; c, hinge; d, flange region showing rows of microstylets; e, exterior valve sculpture.

White Oak River in North CaroUna (John-

son 1970). The shell of E. icterina is mod-

erately compressed and small (length to ap-

proximately 85 mm). The posterior ridge is

low, somewhat rounded, with a broad pos-

terior slope. Wrinkled sculpturing is absent

from the posterior slope.

Elliptio shepardiana is endemic to the

Altamaha River system in Georgia, includ-

ing the Ocmulgee, Oconee, and Ohoopee

rivers. The shell is long (length to 190 mm),
moderately compressed, rounded anteriorly,

and somewhat pointed posteriorly. The pos-

terior ridge is broadly rounded with a sec-

ondary ridge above it, which often results

in a slight biangulation at the posterior end.

The posterior slope is devoid of wrinkled

sculpturing.

Discussion

Based on glochidial and adult shell mor-

phology of the six species described above

we have identified what appears to be two

clades within the genus Elliptio. While the

six species represent less than 20% of the

genus, the nature and consistency of the

characters would appear to be indicative of

two distinct groups. As glochidia of the re-

maining 28 species of Elliptio are examined

it should be easy to assign them to one of

the two groups described above. It is also

possible that one or more additional clades

may be found in the remaining 26 species

of Atlantic Coast and eastern Gulf of Mex-
ico drainage Elliptio.

Elliptio crassidens group.—The glochid-

ium of Elliptio crassidens was first figured
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Fig. 5. EUiptio icterina. SEM of glochidium. a, exterior valve; b, interior valve; c, hinge; d, flange showing

microstylets; e, exterior valve sculpture.

(Ortmann 1911) and subsequently de-

scribed (Ortmann 1912) illustrating its sub-

triangular shape (Fig. 6, plate 89, page 346-

347). Ortmann (1912) and Utterback

(1915-1916) described the glochidium as

small, suboval, without hooks. Ortmann
and Utterback gave identical dimensions of

0.13 by 0.15 mm in length and height, re-

spectively. Likewise, other reports (Surber

1912, 1915; Coker et al. 1921) generally

describe the glochidium of E. crassidens (or

its synonyms) as small, suboval, and spine-

less or bookless. Surber (1915) described

the glochidium as subtriangular and some-

what intermediate between that of Alasmi-

donata calceola (= viridis) and Quadrula

(= Fusconaia) ehena. He did not identify

the glochidium of E. crassidens as having

a hook on the ventral margin and he gave

the size of this glochidium as larger, 0.15

by 0.16 mm.
We found the glochidium of EUiptio

crassidens to be subtriangular with a defi-

nite hook-like structure at the terminus of

the ventral margin. While our measure-

ments generally agree with those of Ort-

mann and Utterback, their description does

not mention the presence of a "hook." It is

possible that they did not see the hook due

to lack of magnification. The glochidial

shells of the crassidens group were the only

Lampsiline-Amblemine species observed to

possess subtriangular glochidia (Hoggarth

1999).

The three species examined during this

study which are assigned to the ''EUiptio

crassidens'' group are E. crassidens, E.

dariensis, and E. mcmichaeU. The glochidia
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Fig. 6. Elliptio shepardiana. SEM of glochidium. a, exterior valve; b, interior valve showing wide ventral

flange; c, hinge; d, flange region showing microstylets; e, exterior valve sculpture.

of these species share subtriangular valve

shape, the presence of a small styliform

hook at the terminus of the ventral margin,

and rough exterior valve sculpturing. The
shells of adults of this group also share the

wrinkled or corrugated sculpturing on the

posterior slope.

Elliptio complanata group.—The glo-

chidium of Elliptio dilatata was first de-

scribed by Lea (1863) (as Unio gibbosus).

He described the glochidium as pouch-

shaped, without hooks, and very much like

that of Ptychobranchus fasciolaris. In fact,

this glochidium is not similar io fasciolaris,

except that both are subelliptical (Hoggarth

1999). Lefevre & Curtis (1910, 1912) pro-

vide the first measurements for this glo-

chidium (0.22 by 0.19 mm in length and

height) and Ortmann (1911, 1919) adds that

the glochidium of dilatata is small, suboval,

and without hooks.

Hoggarth (1999) described this glochid-

ium as subelliptical with equal lateral mar-

gins and equal length and height (0.22

mm). He found that the glochidium was

covered in loose-looped valve sculpturing

and that lanceolate micropoints cover the

narrow ventral flange. He noted that only

Ortmann (1919) found the dimensions of

this glochidium to be equal (0.20 mm),
while Lefevre and Curtis (see above) de-

scribed this glochidium as longer than high,

and all other authors found this glochidium

to have a length of 0.20 mm and a height

of 0.22 mm (Ortmann 1912, Surber 1912,

Utterback 1915-1916).

The light microscope photographs of the

glochidia of Elliptio complanata in Matte-
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son (1948) clearly show the shape to be su-

belliptical and hookless. The low magnifi-

cation of the glochidial photographs is such

that details of the sculpturing of the shell

surface and micropoints are not visible.

However, based on the subelliptical outline

it appears to be identical to the glochidia of

E. dilatata, E. hopetonensis, E. ictehna,

and E. shepardiana. These glochidia are all

higher than long with E. shepardiana the

largest and E. icterina and E. hopetonensis

having almost identical dimensions with E.

complanata. Furthermore, glochidia of all

three species possess similar ventral mar-

gins (hookless and micropoint structure)

and loose-looped external valve sculptur-

ing, except for E. complanata, which is yet

to be determined. These are characteristics

they share with E. dilatata reported by

Hoggarth (1999). Based on the subelliptical

shape of the glochidia of E. buckleyi (D. S.

Ruessler, pers. comm.), it also belongs to

the E. complanata group. Adult shells of

the species in the E. complanata group are

characterized by the absence of sculpturing

on the posterior slope.

Host fish.—Host fish data for most spe-

cies of Elliptio is incomplete. Of the 36 cur-

rently recognized species in the genus, only

five, E. buckleyi, E. crassidens, E. com-

planata, E. dilatata and E. icterina, have

any published information on host fish

(Watters 1994, Keller & Ruessler 1997).

This may be explained in part by the fact

that most species of Elliptio occur in Atlan-

tic and eastern Gulf Coast streams where

there are no commercially important spe-

cies. The lack of economic interest resulted

in very little research into the reproductive

biology and host fish utilization by early

mussel biologists, who concentrated their

efforts on the commercially valuable Mis-

sissippi Basin species.

Howard (1914) reported finding Elliptio

crassidens encysted on a skipjack herring,

Alosa chrysochloris. This is the only host

fish information available for E. crassidens

(Watters 1994). The host fish for E. darien-

sis and E. mcmichaeli remain unknown.

However, E. dariensis failed to produce ju-

veniles when exposed to bluegill, Lepomis

macrochirus, during a laboratory host fish

experiment (C. O'Brien, pers. obs.). During

the same laboratory host fish experiment,

eastern mosquitofish, Gambusia holbrooki,

and L. macrochirus were identified as host

fishes for E. hopetonensis, but the large-

mouth bass, Micropterus salmoides, failed

to produce juvenile mussels.

While the host for Elliptio mcmichaeli is

unknown, there are data that suggest the

host is a migratory fish. There are historic

records of E. mcmichaeli from the upper

Pea River, a tributary of the Choctawhatch-

ee River, in southeast Alabama (Blalock-

Herod, pers. comm.). The middle portion of

the Pea River was impounded in the early

1900s, totally eliminating upstream access

to native migratory fishes, including two

migratory shads, Alabama shad, Alosa al-

abamae, and skipjack herring, A. chrysso-

cIorris. During a recent survey of the entire

watershed, E. mcmichaeli was found at nu-

merous stations below the dam on the Pea

River and elsewhere in the Choctawhatchee

watershed, except it was absent in the Pea

River above the dam (Blalock-Herod, pers.

comm.). Since the Pea River above the dam
currently supports a mussel community,

which formerly included E. mcmichaeli, its

absence today may be due to the lack of

suitable migratory host fish that are blocked

by the dam. Although circumstantial, we
think this evidence strongly suggests a mi-

gratory host fish for E. mcmichaeli.

Matteson (1948) found yellow perch,

Perca flavescens, as a host fish for Elliptio

complanata via laboratory infestations and

Wiles (1975) found E. complanata glochid-

ia encysted on banded killifish, Fundulus

diaphanus. Other fishes reported as hosts

for E. complanata include green sunfish,

Lepomis cyanellus, orangespotted sunfish,

L. humilis, largemouth bass, Micropterus

salmoides, and white crappie, Pomoxis an-

nularis (Young 1911). Keller & Ruessler

(1997) reported L. machrochirus, M. sal-

moides, and Florida gar, Lepisosteus platy-
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rhincus as host fishes for E. buckleyi. They

also identified L. macrochirus and M. sal-

moides as the host fishes for E. icterina.

These were the only fish species tested with

E. icterina during their study. The host fish

for E. shepardiana remains unknown. Host

fishes for the spike, E. dilatata, include six

fishes representing four families: flathead

catfish, Pylodictus olivaris, and sauger, Sti-

zostedion canadense (Howard 1914); giz-

zard shad, Dorosoma cepedianum, and

white crappie, P. annularis (Wilson 1916);

black crappie, P. nigromaculatus, and yel-

low perch, Perca flavescens (Clarke 1981).

Based on host fish information available,

it is not possible to make any definitive

statements regarding possible association

between species groups of Elliptio and par-

ticular host fish usage. However, based on

glochidial shell morphology and host fish

information presented above, this could be

the case. It appears that species of the cras-

sidens group, triangular-shaped glochidia,

may only use the highly migratory fishes of

the genus Alosa (family Clupeidae), while

species of the complanata group, subellipt-

ical-shaped glochidia, may use a variety of

fishes, 12 species representing 6 families.

None of the host fishes used by the E. com-

planata group are highly migratory. If fu-

ture host fish research confirms this pattern

this would provide an additional character-

istic to distinguish these two species groups

of Elliptio. It would also suggest a very ear-

ly evolutionary divergence within the genus

Elliptio.

Species level identification for many spe-

cies of the genus Elliptio remains problem-

atic and their evolutionary relationships re-

main a mystery. The proper identification

of mussel species is a very important part

of any management plan. However, concho-

logical differences may not be the only tool

needed to identify species of the complex

Elliptio group. More research is needed to

explore the genetic and host fish usage dif-

ferences between these two Elliptio groups

identified and any other groups that might

become apparent.
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First fossil record of a finfoot (Aves: Heliornithidae) and its
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Abstract.—The distal end of a humerus from the Lee Creek Mine in North

Carolina is identified with the modern Neotropical species as Heliornis aff.

fulica and provides the first fossil record for the family Heliornithidae. The
fossil was determined to come from the Middle Miocene (14 Ma) Pungo River

Formation based on sedimentary, preservational, and other lines of evidence.

This in turn implies that Heliornis did not spread into South America until

after the isthmian land connection about 3 Ma and that the interchange of

Heliornithidae between the Old and New World probably took place through

the Northern Hemisphere in the Paleogene.

The finfoots or sungrebes (Heliornithi-

dae) comprise 3 species, each in a mono-
typic genus, that are placed in the tradition-

al avian order Gruiformes. On the basis of

both morphology and molecular data, the

family is probably most closely related to

rails, Rallidae (Houde 1994, Livezey 1998).

The species are sedentary, swimming and

diving birds of forested streams in the trop-

ics of the New World, Africa, and southeast

Asia. Hitherto, there has been no fossil re-

cord of the family (Brodkorb 1967, Houde
1994, Tommy Tyrberg, Kimstadt, Sweden,

pers. comm.). This has changed with the

discovery of the distal end of a humerus in

spoil piles of the Lee Creek phosphate mine

near Aurora, North Carolina, from which

tens of thousands of fossil bird bones had

been recovered previously (Olson and Ras-

mussen 2001).

Systematics

Class Aves

Order Gruiformes

Family Heliornithidae

The fossil humerus is characterized by its

short, curved overall shape, which at first

suggests a medium-sized species of one of

the "higher" orders of arboreal land birds

(Olson 1985). It differs from all of these in

the very rounded, hemispherical condylus

ventralis (ulnar condyle), which contrasts

markedly with the narrow, transversely

ovoid, and often proximally flattened con-

dyle in the traditional orders Coliiformes,

Trogoniformes, Coraciiformes, Piciformes,

and Passeriformes. Another highly distinc-

tive character is the extension of the epi-

condylus ventralis distally well past the

margins of the distal condyles. These two

features (Fig. 1) in combination with the

overall size and shape are diagnostic of the

Heliornithidae.

Genus Heliornis Bonnaterre, 1791

There is little in the way of qualitative

differences in the distal half of the humerus

to distinguish the three genera of Heliorni-

thidae. Podica and Heliopais differ from

Heliornis and the fossil in their much larger

size, so that on size and geographical

grounds it is more reasonable to assign the

fossil to the type-genus of the family, He-

liornis.
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Fig. 1. Left humeri of Heliornis (top row anconal view; bottom row palmar view): A, fossil Helioniis aff.

fulica from Lee Creek Mine, North Carolina; B, C, modern Heliornis fulica (UF 38828 = PB 35036; USNM
321493; UF 33412 = PB 29333). The distally projecting epicondylus ventralis (long arrow) and the very

rounded, hemispherical condylus ventralis (short arrow) are diagnostic features of the Heliornithidae.
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Table 1.—Measurements (mm) of the humerus of

modern Heliornis fulica (HeHornithidae) compared

with fossil humerus of Heliornis aff. fulica (USNM
5 1 8297) from the Miocene of North Carolina.

Heliornis fulica

(N = i3)

Range (mean) SD
Heliornis aff. fulica

fossil

Distal width 6.2-7.0 (6.8) 0.24 6.9

Shaft width 2.4-3.2(2.8)0.19 3.2

Shaft depth 2.4-2.8(2.6)0.12 2.9

Heliornis aff. fulica (Boddaert, 1783)

Referred specimen.—Distal half of left

humerus. National Museum of Natural His-

tory, Smithsonian Institution, USNM
518297, collected 13 June 2001 by Geoff

Keel.

Locality.—Lee Creek Mine, south side of

Pamlico River, near Aurora, Beaufort

County, North Carolina (35°23'22"N,

76°47'06"W).

Horizon.—Pungo River Formation, Mid-

dle Miocene; Langhian stage, ca. 14 Ma
(Gibson 1983). Fossil birds at the Lee

Creek Mine come from deposits of two

ages separated by an unconformity—the

Middle Miocene Pungo River Fm and the

Lower Pliocene Yorktown Fm (Olson and

Rasmussen 2001). Assignment of the pre-

sent fossil is based on several lines of evi-

dence. It was recovered from a spoil pile

that was topped by sediments of the Pungo

River Fm; the preservation is excellent, the

bone having a hard, shiny surface, unlike

the etched appearance of many of the bones

from the Yorktown Fm; blackish phosphatic

sand characteristic of the Pungo River Fm
was adherent to the fossil; and no strictly

tropical elements occur in the Yorktown Fm
but are known from the Pungo River and

equivalent formations.

Comparisons.—In size, the fossil falls

within the range of modern Heliornis fulica

in two measurements, though near the high

end, and is very slightly larger in shaft

depth (Table 1). Although the shaft of

USNM 518297 is thus generally somewhat

more robust, this character varies consid-

erably in the modern series. Qualitatively,

the only apparent differences are the some-

what more curved shaft, the relatively larg-

er condylus ventralis, and the wider sulcus

musculo humerotricipitalis in the fossil.

These differences may indicate slight dif-

ferences in flight capability, but given the

time disparity they are very minor. There is

nothing in this single fossil to suggest that

it represents a divergence from the lineage

leading to the modern species Heliornis fu-

lica. This perception might be altered if

more of the skeleton were available.

Discussion

The Heliornithidae are among the classic

examples pantropical families of birds (Fig.

2), such as barbels (Capitonidae) and tro-

gons (Trogonidae), which likewise occur in

the Old and New World tropics, but not in

Australasia. This pattern invites the ques-

tion of whether their distribution is the re-

sult of vicariant events or dispersal.

Modern Heliornis fulica extends practi-

cally throughout the Neotropics from Mex-
ico to northern Argentina. The fossil record

from North Carolina is more than 2600 air

line km NE of the nearest occurrence of

Heliornis in Veracruz, Mexico. The speci-

men comes from deposits about 14 Ma,

whereas a land connection was established

between North and South America only

about 3 Ma, with mammalian overland dis-

persal having taken place in both directions

before about 2.5-2.8 Ma (Marshall 1985).

Finfoots, being weak fliers and with very

specific aquatic habitat requirements, are al-

most certainly incapable of dispersing over

an oceanic barrier. Thus, the evidence now
at hand suggests that Heliornis fulica must

have spread into South America from North

America after the isthmian land connection

formed, and perhaps considerably after that,

given that it has no recognized subspecies

(Hellmayr and Conover 1942).

Heliornis differs from other finfoots in

having altricial young that are carried in ax-

illary marsupia (Houde 1994), so that it is
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Fig. 2. Modern distribution of the three species of Heliornithidae (soHd) and the only fossil record (arrow).

Map modified from Fisher and Peterson (1964).

presumably the most derived of the three

species. Houde (1994) found Heliornis to

be closer genetically to the Asian genus He-

liopais, than to the African genus Podica,

although the quality of the DNA of Helio-

pais may have been equivocal. He also

found that the degree of genetic divergence

between Heliornis and the African genus

Podica was too small to be compatible with

a trans-Atlantic origin of the former and

subsequent separation via sea-floor spread-

ing, which would have necessitated a com-

mon distribution across what is now Africa

and South America well back into the Cre-

taceous (Smith et al. 1994).

Assuming finfoots to require tropical en-

vironments and to be incapable of crossing

marine water barriers, interchange of fin-

foots between the Old and New World must

have taken place early in the Tertiary across

the Northern Hemisphere, because Helior-

nis was already in North America by the

Middle Miocene. There is abundant floral

and faunal evidence for interchange be-

tween North America and both Europe and

Asia in the Eocene (Manchester 1999) and

in particular for invasions of mammals
from Asia in the late Eocene (Woodburne

and Swisher 1995). Thus, fossils of Helior-

nithidae might be anticipated in Paleogene

deposits of the northern continents.
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Abstract.—In 1868, Wilhelm Peters described Glossonycteris lasiopyga,

based on a specimen provided by Henri de Saussure and collected in Mexico.

The type specimen was presumed to be among those housed in the collections

of the Zoologisches Museum of the Humboldt Universitat in Berlin, Germany.

Our study of one of Saussure's specimens from Mexico, discovered in the

collections of the Museum d'Histoire Naturelle, Geneva, Switzerland, dem-

onstrates that it and not one of the Berlin specimens is the holotype.

Henri de Saussure (Saussure 1993) wrote

several reports on the animals he collected

during his intensive explorations of central

Mexico at the middle of the 19th Century.

Among Saussure's specimens, which in-

cluded several mammals and birds he de-

scribed as new to science (Baud 1977), was

a bat he identified as Anoura ecaudata

Geoffroy (Saussure, 1860). He described

the specimen, provided some measure-

ments, and said it occurred in temperate and

warm regions of Mexico. The specimen

was deposited in the mammal collections of

the Museum d'Histoire Naturelle in Gene-

ve, Switzerland.

The same specimen was redescribed by

Peters (1868) as the basis of a new genus

and species he named Glossonycteris la-

siopyga. A translation of Peters' description

follows:

B. Medial upper incisors smaller than outer ones;

lower incisors deciduous [p. 364].

a. Zygomatic arch developed.

b. Zygomatic arch absent.

6. Glossonycteris nov. gen.

Teeth: 3.3/3.3 l/I 2-2/2-2 1/1 3.3/3.3, molars

having distinct W-shaped [p. 365] formation, the

cingulum of the two next-to-last upper cheek teeth

more developed. Interfemoral membrane very short,

having hair on both sides, calcar very short. Tail?

On the only dried specimen that I was able to

examine, through the kind efforts of Mr. H. de Saus-

sure, there was no trace of tail to be seen, and it is

probably absent, however this can only be deter-

mined with certainty from fresh or alcohol speci-

mens. Both zygomatic arches were lacking on the

skull and this appeared natural, but I am not entirely

sure of this point since I have had no chance to

examine an intact skull.

I. Glossonycteris lasiopyga n. sp. (PI. fig. 2.)

71844. Choeronycteris peruana Tschudi, Fauna

Peruana. I. P. 71. PI. 3. Fig. 1. 2.

—

Archiv f.

Naturgesch. I. p. 247.

1860. Anoura ecaudata Geoffroy, H. de Saus-

sure, Guerin Rev. et Mag. Zool. p. 81.

The specimen examined by Mr. de Saussure is

the only one available to me for inspection, while

Choeronycteris peruana Tschudi, which is perhaps

identical with it, cannot be decided upon exactly,

since Mr. Coulon of the Neuchatel Museum informs

me that this species cannot be found among the Chi-

roptera given to the museum by Mr. von Tschudi.

The description and drawing given in Fauna Per-

uana are not adequate for an exact opinion.

I give here the measurements of the dried speci-

men from Mexico, sent to me by Mr. de Saussure,

as far as these could be determined.

Forearm 41

L. of 1 finger: mtcp. 3.0; 1st ph. 3.3; 2nd ph. 2.0

8.0

L. of 2 finger: mtcp. 32.3; 1st ph. 2.0 34.5
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L. of 3 finger: mtcp. 39.5; 1st ph. 13.7; 2nd ph.

21.0; 3rd ph. 0.01 1; cartilage 3.7

L. of 4. fing. mtcp. 37.3; 1st ph. 1.0; 2nd ph. 13.3;

cartilage 1.5

L. of 5. fing. mtcp. 33.0; 1st ph. 8.0; 2nd ph. 11.5;

cartilage 1.5

Tibia 3.0

Foot 11.5

Calcar 3.0

Although there is no clear statement of

the kind of specimen preservation, from Pe-

ters' (1868) text we know that he had at

hand only one specimen. The specimen was

a dried skin and nearly complete skull be-

cause his description of Glossonycteris la-

siopyga contains diagnostic characters from

both the skin and the skull, and he illus-

trated the skull as Fig. 2 in the accompa-

nying Plate.

The dental formula Peters (1868) gave

for Glossonycteris includes three upper and

three lower incisors. However, Anoura has

only two upper incisors on each side and

lacks lower incisors. We interpret this dis-

crepancy as indicating that Peters was at-

tempting to provide a more complete dental

formula that included the deciduous teeth.

We reached this conclusion because Peters

stated that the lower incisors were decidu-

ous (see beginning sentence of translation)

and, as evident from his Fig. 2, the type of

Glossonycteris lasiopyga lacked lower in-

cisors. Peters also indicated three upper and

lower incisors in the dental formulae for

Lonchoglossa Peters, 1868 (another junior

synonym of Anoura) and for Choeronycter-

is Tschudi, 1844, a taxon that also has only

two upper incisors on each side and lacks

lower incisors.

Clearly, the specimen described by Peters

is the holotype. Thomas (1893) treated

Glossonycteris lasiopyga as a junior syno-

nym of Anura [= Anoura] geoffroyi. San-

born (1933) was the first to use the current

name combination Anoura geoffroyi lasiop-

yga to refer to the subspecies whose range

he gave as Mexico, Guatemala, and El Sal-

vador. He gave the type locality as southern

Mexico.

Carter and Dolan (1978) discussed two

specimens of Anoura geoffroyi lasiopyga

that Carter examined at the Zoologisches

Museum der Humboldt-Universitat zu Ber-

lin (ZMB), Berlin, Germany. These speci-

mens, an adult male (ZMB 3565) and an

adult whose sex is unknown (ZMB 3564),

had been collected in Cuernavaca, Morelos,

Mexico, by Boucard in August 1866. Both

specimens are labeled as "typus", and were

considered by Carter and Dolan (1978) to

be syntypes. However, a review of the mu-
seum catalog (handwritten by Peters him-

self), and of the specimens labels (second-

ary ones), resulted in no confirmation of

any kind of type status (R. Angermann, in

htt., 28 November 2000).

These specimens are not syntypes be-

cause Peters (1868) mentioned only the

specimen he borrowed from Saussure and

which had been collected before 1860. Dr.

Renate Angermann (in litt., 28 November
2000) was kind enough to examine copies

of two letters in the archives of the Zoolo-

gisches Museum der Humboldt-Universitat

from Wilhelm Peters to H. de Saussure.

One is dated 28 December 1865, in which

Peters requested the loan of six specimens

collected in Mexico, including the speci-

men Saussure (1860) had identified as An-

oura ecaudata. The other five specimens

were those described by Saussure as new:

Vespertilio mexicanus, Molossus aztecus,

Stenoderma tolteca, Tylostoma mexicana,

and Macrotus mexicanus. The other letter is

from March 1866, in which Peters said he

was sending back the five specimens men-

tioned above with his opinion about their

taxonomic status, and which he indicated

as: Vespertilio mexicanus Sauss. = V. lu-

cifugus Leconte; Molossus aztecus Sauss. =

Nyctinomus brasiliensis Geoffroy; Stenod-

erma tolteca Sauss. = Dermanura ciner-

eum Gervais; Tylostoma mexicana Sauss. =

Trachyops {Vamp.) cirrhosus Spix; and

Macrotus mexicanus Sauss. = Macr. wa-

terhousii Gray. Apparently the specimen

Saussure had identified as Anoura ecaudata

was not returned at that time.

Recently, a nearly complete skull of An-
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Fig. 1. Photographs of the cranium and mandibles of MHNG 515.88, holotype of Anoiira geojfroyi lasiop-

yga: a) lateral view of cranium and mandible, b) ventral view of cranium, and c) dorsal view of mandible;

horizontal bar = 10 mm.
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oura geojfroyi was found in the mammal
collections of the Museum d'Histoire Na-

turelle, Geneve, Switzerland (Fig. 2). It is

of an adult individual cataloged as MHNG
515.88 and bears a label linking it to Henri

de Saussure. The skull is missing both bul-

lae; part of the right temporal bone; and

part of the exoccipital region including the

basioccipital and basisphenoid. The dental

formula is 2/0-1/1-3/3-3/3. The skull label

contains the following information: Ob-

verse—Museum Geneve/No. 515-88/Glos-

sonycteris geoffroyi Gray/Localite Me-
xique, ach. Sumichrast. Reverse—Saussure

1860 VII L.49?/monto M.L [written in pen-

cil and difficult to read].

Cranial measurements (in mm) are as fol-

lows: greatest length of skull, 24.8; inter-

orbital breadth, 4.9; braincase breadth, 9.5;

palate length, 13.2; maxillary toothrow

length, 9.4; width across M2, 3.4; dentary

length, 17.3; mandibular toothrow length,

9.7; condylocanine length, 16.6; condylo-

molar length, 6.6; coronoid height, 3.8;

dentary depth below Ml, 1.4; mandibular

condyle length, 1.6.

Photographs (Fig. 1) of the skull and

mandibles of this specimen essentially du-

plicate the illustrations that Peters (1868:

Fig. 2 and 2b) provided of the holotype of

Glossonycteris lasiopyga; although the

skull appears to have had additional dam-

age since the original description. The sim-

ilarities, augmented by the label informa-

tion, support our conclusion that specimen

MHNG 515.88 is the holotype of Glosso-

nycteris lasiopyga Peters, 1868. Although

this specimen was not documented by Baud
(1977) in his catalogue of type specimens

at the Geneve museum, it was recently

identified as a potentially significant speci-

men by Claude Weber (pers. comm., 1999).

To date, the skin has not been located.

We have been unable to determine the

actual type locality of Glossonycteris la-

siopyga. Saussure (1860:494) simply said

the specimen came from "... les regions

chaudes et temperees. ..." (warm and tem-

perate regions) of Mexico, and there is no

further information in the museum cata-

logue. Saussure's field collector was Fran-

gois Sumichrast, and there is no information

in Saussure's notes (Saussure 1993) sug-

gesting that either he or Sumichrast col-

lected in or near Cuernavaca, Morelos (the

locality Carter and Dolan [1978] provided

for the specimens they identified as syn-

types in the Berlin museum), during Saus-

sure's expedition to Mexico. Sumichrast

collected in Orizaba, Puebla, Mexico City,

Tampico, and in a few other small villages

in between (Boucard 1884, Sumichrast

1881). Of course, Sumichrast also collected

extensively at Santa Efigenia, his finca and

famous collecting locality located in Oa-

xaca near the border with Chiapas. How-
ever collecting at this site did not begin un-

til after 1867 following the Mexican civil

war (1855 to 1860; Panni 2001a) and the

brief reign from 1861 to 1867 of the Aus-

trian Archduke Ferdinand Maximilian as

Emperor of Mexico (Panni 2001b). In ad-

dition, we know that the holotype of Glos-

sonycteris lasiopyga is not the specimen

from San Geronimo (Isthmus of Tehuante-

pec) later recorded by Sumichrast (1881).

The type specimen must have been collect-

ed during Saussure's trip to Mexico be-

tween 1855 and 1856. It definitely was not

collected later than 1860 when Saussure

(1860) reported the specimen Peters (1868)

later described as a new taxon. Although

not helpful to us for locating the type lo-

cality of Glossonycteris lasiopyga, Alvarez

(1963) provided a valuable discussion on

the importance of Sumichrast's (1881) re-

port for determining some of the actual type

localities for several of the species Saussure

described from Mexico. Based on the

knowledge that the specimen probably

came from somewhere along the Atlantic

slope of central Mexico where Saussure did

most of his field work, we further restrict

the type locality to the State of Veracruz.
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Observations on the structure of the mandibular gnathobase in some
American Mesocyclops (Copepoda: Cyclopidae)

E. Suarez-Morales, M. A. Gutierrez-Aguirre, and M. Elias-Gutierrez

El Colegio de la Frontera Sur (ECOSUR) Unidad Chetumal. A.P. 424. Chetumal,

Quintana Roo 77000. Mexico, e-mail: esuarez@ecosur-qroo.mx

Abstract.—The mandibular edge of males and females of several American

species of the cyclopoid genus Mesocyclops was examined. The general struc-

ture, arrangement, and size of teeth was assessed for each species and shown
to be variable among them. We used a modified version of a previous index,

the Gnathal Index (GI) plus the Mandibular Size Index (MSI), and the Man-
dibular Power Index (MPI) which, together are expected to 1) provide a quan-

titative measure of morphologic variation amongst species and 2) suggest the

feeding habits of these species. All species showed different values in terms

of teeth number, size, and arrangement, as indicated by results of these indices.

Known predatory species (i.e., M. edax, M. longisetus, and M. aspericornis)

showed high values of MSI and MPI. The MSI values were positively corre-

lated to the total body length. Our data suggest a predatory capabihty for these

two species. Mesocyclops yutsil, M. reidae, and M. chad had the lowest MPI
and MSI values; they represent a group that probably are detritivores. The

remaining species, all with lower MPI values, are probably omnivores. For the

species examined here, most males are smaller than females but their mandibles

tend to be similar in relative size and structure. Experimental observations

support our conclusions about the predatory forms. Feeding experiments are

needed to determine the limits of these indices for most species in the second

and third groups.

Knowledge of the mandibular structure regions (Marten 1989; Marten et al. 1989,

in the species of the freshwater copepods 1994a, 1994b), and in several Asian coun-

genus Mesocyclops is limited to the basic tries (Sinh Nam 2000) suggesting that these

descriptions. There are no previous com- species may be carnivores. However, there

parative studies about the morphology and are no surveys dealing with the morpholog-

specific variation of the mandible structures ical bases of their capacity for carnivory in

in freshwater copepods. Mandibles, togeth- terms of the structure and size of their

er with other cephalic appendages, are di- mouthparts, particularly of their mandibles,

rectly involved in food handling and inges- The morphological structure of marine cal-

tion; hence, different feeding habits may be anoid copepod feeding appendages (i.e., the

expected to correlate with particular man- cutting edges of the mandible or the struc-

dible types. ture of the maxillar setae) is a tool useful

Most species of the freshwater cyclopid to infer their feeding habits (Itoh 1970).

genus Mesocyclops are omnivorous. How- This aspect has not been explored in fresh-

ever, the role of some Mesocyclops as pred- water cyclopoid copepods, a group found in

ators of mosquito larvae and consequently a wide range of continental environments

as biological controls has been studied for and with different feeding habits,

several years in the neotropical and nearctic There are ten species and one subspecies
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Table 1.—Gnathal Index (GI), Mandibular Size Index (MSI), and Mandibular Power Index (MPI) obtained

from the analysis of females and males of some American species of Mesocyclops. Species arranged alphabet-

ically; numbers between parentheses indicate the rank of the MPI value.

Species GI MSI MPI

M. aspericornis (Daday, 1906) (9)

M. brasiliamis Kiefer, 1936 (9)

M. brasilianus {6)

M. chad Piers, 1996 (9)

M. edax (Forbes, 1891) (9)

M. evadomingoi Gutierrez-Aguirre, 2001a (9)

M. longisetus s.str. (Thiebaud, 1912) (9)

M. longisetus curvatus Dussart, 1987 (9)

M. pescei Petkovski, 1986 (9)

M. pescei {6)

M. residue Petkovski, 1986 (9)

M. reidae {S)

M. thermocyclopoides (Harada, 1931) (9)

M. thermocyclopoides {S)

M. >7/f5// Reid, 1996 (9)

67.9 4.16 282.4 (2)

63.6 2.79 177.4 (10)

60.6 2.92 176.9 (11)

51.2 2.05 104.5 (15)

82.4 4.51 371.6 (1)

75.6 2.41 182.1 (8)

62.5 3.26 203.7 (5)

73.2 2.54 186.4 (7)

85.0 2.56 217.5 (4)

63.1 2.79 176.1 (12)

75.0 2.02 151.5 (13)

80.2 2.23 178.4 (9)

72.9 2.63 191.7 (6)

87.0 2.79 234.8 (3)

77.9 1.92 149.5 (14)

of Mesocyclops known to be distributed in

Mexico (Suarez-Morales & Reid 1998, Gu-

tierrez-Aguirre & Suarez-Morales 2001a,

2001b; Fiers et al. 2000), representing close

to 60% of the species currently known from

the neotropics (Gutierrez-Aguirre & Sua-

rez-Morales 2001b). In this work, analyzes

the structure of the mandibular edge of ten

species and one subspecies of Mesocyclops,

all of them known to be distributed in Mex-
ico and Central America, and some found

also in North America. The mandible edge

structure and relative size are determined

for the species of Mesocyclops examined,

and variations among species are discussed

in relation to their feeding habits. A quan-

titative aspect of this question is analyzed

through different indexes, one of them de-

rived from a formula first proposed by Itoh

(1970) for the evaluation of the mandible

structure of marine calanoid copepods.

Methods

Specimens were obtained from field col-

lections of zooplankton in different fresh-

water environments of Mexico. The meth-

ods of collection and sampling sites in

Mexico are described in Suarez-Morales et

al. (1996) and in Gutierrez-Aguirre and

Suarez-Morales (2001a). Additional type

and non-type material was requested on

loan to different museums harboring collec-

tions of American Mesocyclops, the Nation-

al Museum of Natural History, Smithsonian

Institution at Washington, D.C. (USNM),
the Museum National d' Histoire Naturelle,

Paris (MNHN-Cop), and El Colegio de la

Frontera Sur, Unidad Chetumal, Chetumal,

Mexico (ECO-CHZ) (see Suarez-Morales

& Gutierrez-Aguirre 2001). Female speci-

mens of eleven species or subspecies plus

males of four species of Mesocyclops rec-

ognized in Mexico and Central America

were analyzed (see Table 1). Examination

followed dissection of the mandibles and

included camera-lucida illustrations of the

mandibular edge detailing the teeth width,

height, number, and separation.

Mandibular morphology.—In general,

the morphological interpretation proposed

by Huys & Boxshall (1991) was followed.

The gnathobase is a ventral extension of the

coxa; it has a variable number of non-artic-

ulation elements, that are the teeth. The

mandible edge bears a proximal seta and in

some cases an inner, flexible setiform ex-

tension (named "inner" proximal tooth).

Both elements, the proximal seta and the
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Fig. 1 . Structure and nomenclature of the mandibular edge of males and females of species of Mesocyclops

from Mexico: A) M. yutsil (9), showing factors used in index formulae; B) M. chad (9); C) M. edax (9),

showing nomenclature of mandibular structures. Outer dorsal seta and inner dorsal tooth are proximal; blade is

distal; D) M. aspericornis (9); E) M. evadomingoi (9).

inner tooth, can have epicuticular exten-

sions (such as setules or as pinnate elements

mostly uniserially arranged). In some spe-

cies these extensions are noticeably strong,

we named these structures "accessory

teeth" (see Fig. IC). In Mesocyclops, the

distal edge of the gnathobase has a notice-

ably larger tooth; it can be simple (as in

Fig. lA) or formed by a cluster of two or

more teeth (see Fig. IC, E). This structure

is known herein as the blade (see Fig. IC),

but it was counted as one tooth and also is

used as a reference for measurements of the

other teeth. There are setiform structures

along the mandible edge, arising near the

base of the teeth; these are not true setae,

and are named denticles for the purposes of

this work (Fig. IC). The same nomencla-

ture was used in the descriptions of the

mandibular structure.

Formulae.—The mandibular elements

(teeth number, edge width, height) were
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evaluated with an index based on the Edge

Index (EI) proposed by Itoh (1970) for ma-

rine calanoid copepods. The original for-

mula of this EI is as follows:

EI = S (wiAV X hi/H X 10^) X 1/N

where W is the width of the edge of the

gnathobase, measured from distal tooth to

proximal seta, and wi the width of the space

between each pair of adjacent teeth, respec-

tively. Factor H is the height of the main

tooth (blade) and hi the height of each re-

maining tooth, respectively (Itoh 1970), and

N is the number of teeth. We modified this

formula substituting the meaning of wi by

the actual width of the teeth (not the space

between each tooth as in the Itho's formula)

and rearranged the factors. The name of the

resulting value was changed herein to gna-

thal index (GI), the resulting formula as:

GI = 5: ((wiAV X 1/N)(hi/H X 1/N))

X 1000

where wi is the width of each tooth, not the

space between them and W is the width of

the edge of the gnathobase; hi is the height

of each tooth and H is the maximum height

of the blade tooth (see Fig. lA). The first

factor indicates the width of each tooth

compared to the total edge width, the sum
of all individual tooth widths gives an idea

of the how much of edge of the gnathobase

is take up by teeth. A value of 1 would

imply that all the available edge is covered

by teeth. However, for some species the

factor figure is over 1 , if teeth are arranged

in more than one row. Dividing the result

of this factor by the number of teeth, we
obtain the average tooth width. The second

factor iss designed to indicate how high

teeth are when compared to the highest one

(the blade); dividing this product by the

number of teeth provides an average tooth

height. The overall product of multiplying

the average height and width is an idea on

how strong each tooth is in the mandible,

the higher and wider, the stronger. Addi-

tionally, we formulated a mandibular size

index (MSI) to quantify the length of the

edge of the gnathobase as it relates to the

total body length of the specimen. This in-

dex is obtained from the following formula:

MSI = W/TL X 100, where W is the width

of the mandible edge (in iJim) and TL the

length of the species (in jjim) including the

caudal rami. This index is expected to pro-

vide a comparative estimation on how large

are the mandibles with respect to the size

of the copepod. The figure obtained is a

percentage, scaled to 100. The relation be-

tween TL and MSI was analyzed statisti-

cally by determining the correlation factor

(r). Finally, by multiplying GI by MSI, the

mandibular power index (MPI) is obtained,

which provides a measure of the strength-

size combination of the mandibles of each

species. That is, a species with a high GI

will not necessarily have a high strength-

size combination, if the width of the blade

is small relative to the length of the speci-

men (as indicated by the MSI).

Results

Material examined.—Mesocyclops asper-

icornis: 3 adult $ $ from small reservoir

near km 90 of the highway Culiacan-Los

Mochis, Sinaloa, Mexico (25°17'N,

107°47'W); 1 adult $ from Anapoima, Cun-

dinamarca, Colombia (04°33'N, 074°32'W),

USNM-2 16634; M brasilianus: 6 adult $ 9,

2 adult 6 S from Sayaxche, Guatemala

(16°31'57"N, 90°iri8"W). 1 adult 9, Man-
tecal, Venezuela, Collection of B. Dussart,

MNHN Cp 821, 1 adult S, Lago Valencia,

Venezuela (10°10'N, 0.67°45'00"W),

USNM-204662; M. chad: 1 adult 9 , 1 adult

d, Gruta Tza-Ma, Yucatan, Mexico
(USNM-274244); M. edax, 2 adult 9 9 from

Cranes Pond, North Carolina, USA, 1 adult

9 , Cenote Viejo, central Quintana Roo, Yu-

catan Peninsula, Mexico, USNM-259699;
M. evadomingoi, holotype specimen, pond at

km 45 of the Jonuta-Villahermosa federal

road. Tabasco, Mexico (17°58'44"N,

92°14'11"W), slides ECO-CHZ 01157 (9),

paratype ECO-CHZ 01159 (c?); M. longi-

setus s. str.: 4 adult 9 9 from small temporal

pond near Comitan city, Chiapas, Mexico
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(16°09'57"N, 92°05'23"W), 2 adult 9$, 2

adult 6 6 , pond at Km 5 1 Jonuta-Villaher-

mosa federal road. Tabasco, Mexico
(18°23'16"N, 92°47'0"W);M longisetus cur-

vatus: 3 adult $ $ from small pond at km
45, Jonuta-Villahermosa federal road. Tabas-

co, Mexico (17°58'44"N, 92°14'11"W), 3

adult ? 9 , Cenote Catedrales, central Quin-

tana Roo, Yucatan Peninsula, Mexico,

USNM-259687; M pescei: 11 $9, 5 6S
from small pond km 45, Jonuta-Villaher-

mosa federal road. Tabasco, Mexico
(17°58'44"N, 92°14'11"W); M. reidae: 1

adult 9, 1 adult 6 from Tabano, Cuba; M.

thermocyclopoides'. 3 adult 9 9,1 adult c^

from Pulsar, Tabasco, Mexico (17°39'10"N,

9r33'23"W), 2 adult 9 9,2 adult SS, from

small pond at km 45 of the Jonuta-Villaher-

mosa federal road. Tabasco, Mexico
(17°58'44"N, 92°14'1 1"W); M. yutsil: 2 adult

9 9 (USNM-259843, USNM-259846)) from

cenote Yuncu, Yucatan Peninsula, Mexico;

1 adult 9 , Cenote Mucuyche, Yucatan, Mex-
ico (USNM-259848).

Structure of mandibles.—The mandibu-

lar edge in this genus follows a general pat-

tern, with a strong blade which is, in most

cases, the largest and strongest one on the

gnathal edge (Fig. 1). In some species such

as M. evadomingoi (9), M. pescei {S , 9),

and M. thermocyclopoides ( 9 ), the blade is

formed by a cluster of two or more teeth.

A row or rows of smaller teeth follow to-

ward the proximal end. Teeth may be bi-

cuspidal or multicuspidal. Teeth have a var-

iable basal width and may have groups or

rows of small denticles at their base. In

some species, the inner proximal tooth is

quite strong and armed with two or more
internal accessory teeth (i.e., M. edax, M.

longisetus s.str.). The structure of the blade

showed some range of variation in the spe-

cies of Mesocyclops studied (Figs. 1, 2). A
brief description of the mandibular mor-

phology of each species and sex examined

is given below together with the percent

variability of the indexes estimated; this is

provided only for those species in which we
could evaluate these variation. Total num-

ber of teeth includes the blade and the inner

proximal tooth. GI, MSI, MPI are given in

Table 1 . When material was available to de-

termine the variability of the indices, the

percentage range of variation from the av-

erage is indicated in each case for the spe-

cies.

Mesocyclops aspericornis (9): Gnatho-

base with 10-11 wide-based teeth, all mon-
ocuspidal. Distal blade of three teeth. A sin-

gle row of 6 denticles inserted near base of

teeth on central part of gnathal edge. Prox-

imal seta spinulated; inner proximal tooth

with row of four accessory teeth (Fig. ID).

Variability in percent with respect to aver-

age: GSI (11.9%), MSI (8.8%), MPI
(18.4%).

Mesocyclops brasilianus (9): Gnatho-

base with 8 wide-based teeth, all teeth mon-
ocuspidal. Two paired sets of denticles in-

serted near base of teeth on central part of

gnathobase. Proximal seta slender, long,

with row of setules on inner margin (Fig.

2B). Inner proximal tooth naked. Variability

in percent with respect to average: GSI

(14.1%), MSI (9%), MPI (5.1%).

Mesocyclops brasilianus {S): Gnatho-

base with 4 wide-based teeth, all teeth mon-
ocuspidal. Blade a cluster with two distal

teeth. Two groups of denticles inserted near

base of teeth on central part of gnathobase.

Proximal seta short, lightly setulated (Fig.

2A). Variability in percent with respect to

average: GSI (12.3%), MSI (8.7%), MPI
(19.3%).

Mesocyclops chad (9): Gnathobase

forming cluster of 3-4 wide-based teeth,

proximal seta biserially pinnate. Inner prox-

imal tooth slender, setiform, next proximal

tooth tetracuspidal, next one monocuspidal,

next one bicuspidal, distal monocuspidal,

blade formed by a cluster of three teeth.

Row of six denticles inserted near base of

bicuspidal tooth on central part of gnatho-

base (Fig. IB).

Mesocyclops evadomingoi (9): Gnatho-

base wide, with 12 wide-based teeth, all

monocuspidal. Distal cluster of three teeth

partially fused to blade. Row of five den-
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Fig. 2. Structure of the mandibular edge of males and females of species of Mesocyclops from Mexico; A)

M. brasilianus {6)\ B) M. brasilianus (9); C) M. pescei {6)\ D) M. pescei (9); E) M. longisetus ciirvatus

(&femlae;); F) M. longisetus s.str. (9); G) M. thermocyclopoides {6); H) M. thermocyclopoides (9); I) M. reidae

(9); J) M. reidae {6).
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tides inserted near base of teeth on central

part of gnathobase. Outermost proximal

seta long, with uniserial row of spinules

along inner margin; inner proximal tooth

relatively short, with row of 3-4 secondary

teeth on inner margin (Fig. IE). Variability

in percent with respect to average: GSI

(4.4%), MSI (3.4%), MPI (0.3%).

Mesocyclops edax (9): Gnathobase with

13 wide-based teeth, all monocuspidal. A
single row of 6-7 denticles inserted near

base of the teeth on central part of the gna-

thal edge. Distal cluster of three strong teeth

clustering partially with blade. Proximal

seta heavily spinulated along inner margin

only. Inner proximal tooth with 2-3 strong

accessory teeth (Fig. IC). Variability in per-

cent with respect to average: GSI (4.7%),

MSI (2.3%), MPI (4.5%).

Mesocyclops longisetus s.str. (9):

Gnathobase with 8-10 wide-based teeth, all

teeth monocuspidal. Row of five denticles

inserted near base of teeth on central part

of gnathobase. Proximal seta relatively

long, slender, with inner row of short set-

ules. Inner proximal tooth with three strong

accessory teeth (Fig. 2F). Variability in per-

cent with respect to average: GSI (20.6%),

MSI (2.9%), MPI (22.3%).

Mesocyclops longisetus curvatus (9):

Gnathobase with 10-11 wide-based teeth,

all teeth monocuspidal. Blade with blunt

tip. Proximal seta relatively long, slender,

with inner row of short spinules. Inner

proximal tooth naked, shorter than the

proximal seta (Fig. 2E). Variability in per-

cent with respect to average: GSI (14.4%),

MSI (16.4%), MPI (27.4%).

Mesocyclops pescei (9): Gnathobase
with 12 teeth, all monocuspidal. Base of

teeth unornamented. Distal cluster of four

teeth partially fused with blade. Proximal

seta long, strongly spinulated along inner

margin. Inner proximal tooth slender, na-

ked, slightly longer than proximal seta (Fig.

2D). Variability in percent with respect to

average: GSI (15%), MSI (6.9%), MPI
(16.2%).

Mesocyclops pescei {6)\ Gnathobase

with 1 1 wide-based teeth, all monocuspidal.

Base of teeth unornamented. Blade partially

fused to two adjacent teeth. Proximal seta

relatively long, with row of spinules along

inner margin. Inner proximal tooth slender,

slightly shorter, with row of small, weak ac-

cessory teeth along inner margin (Fig. 2C).

Variability in percent with respect to aver-

age: GSI (37.4%), MSI (15.5%), MPI
(29.5%).

Mesocyclops reidae (9): Gnathobase
with 10 wide-based teeth, all monocuspidal.

Base of teeth with single row of four den-

ticles inserted on central surface of base.

Distal cluster of 2-3 teeth with blade. Prox-

imal seta relatively long, with row of short

spinules along inner margin. Inner proximal

tooth slender, slightly shorter than proximal

seta, with three accessory teeth on inner

margin (Fig. II).

Mesocyclops reidae {S): Gnathobase
with 9 wide-based teeth, all monocuspidal.

Base of teeth with row of 2-3 denticles.

Distal cluster of three teeth with blade.

Proximal seta with row of short setules

along inner margin. Inner proximal tooth

slightly shorter, naked (Fig. IJ).

Mesocyclops thermocyclopoides (9):

Gnathobase with 12-13 wide-based teeth,

all teeth monocuspidal. Row of four denti-

cles inserted near base of teeth on central

part of gnathobase. Distal cluster of 3-4

teeth partially fused with blade. Proximal

seta relatively long, slender, with inner row

of strong spinules. Inner proximal tooth

slender, naked (Fig. 2H). Variability in per-

cent with respect to average: GSI (10.3%),

MSI (17.9%), MPI (7.6%).

Mesocyclops thermocyclopoides {S):

Gnathobase with 8 teeth, all teeth mono-
cuspidal. Blade clustered with one tooth.

Two or three denticles inserted near base of

teeth on central part of gnathobase. Proxi-

mal seta relatively long, slender, naked. In-

ner proximal tooth absent or reduced (Fig.

2G).

Mesocyclops yutsil (9): Gnathobase with

4 wide-based teeth, including large blade;

all moncuspidal. Row of five denticles in-
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Fig. 3. MSI vs. TL logarithmic (In) regression. Ellipses indicate two major groups with distinct features (see

text por explanation) including both males (triangles) and females (squares). Arrow indicate the species with

highest TL and MSI values. Species abbreviations as: Ma = M. aspericonis; Mb = M. brasilianus; Mc = M.

chad; Med = M. edax\ Mev = M. evadomingoi\ Mis = M. longisetus sensu stricto; Mlc = M. longisetus

curvatus; Mp = M. pescei; Mr = M. reidae; Mt = M. thermocyclopoides; My = M. yutsil.

serted diagonally near base of teeth on cen-

tral part of gnathobase. Proximal seta rela-

tively short, as long as adjacent teeth, with

inner row of short spinules (Fig. lA).

Discussion

The Mandibular Power Index (MPI) of

species of Mesocyclops comparable numer-

ical data which are presented in Table 1.

The highest MPI value was that of Meso-

cyclops edax, followed by M. aspericornis,

whereas the lowest figure was shown by the

females of M. yutsil and M. chad. Addi-

tional differences were detected between

males and females of the same species. Out

of the four species with both sexes evalu-

ated, males of two (M. reidae, M. thermo-

cyclopoides) had higher MPI values than

females; females of M. brasilianus and M.

pescei had an MPI figure higher than their

males (see Table 1).

The Mandibular Size Index (MSI), size

of the gnathal edge relative to body length

of the specimen, yielded interesting differ-

ences among the species. Females M. edax

have the largest mandibular edge (MSI =

4.5), followed by females of M. aspericor-

nis (4.16), and females of M. longisetus

s.str. (MSI = 3.26) (see Table 1). Females

of Mesocyclops yutsil, M. chad, and M. rei-

dae have the smallest mandibles, relative to

body size, of all the species examined here-

in (MSI = 1.92 and 2.05, respectively).

The TL vs. MSI graphic analysis, which

used the logarithm (In) of both factors,

showed two distinct groups (see Fig. 3)

with a positive correlation {r — 0.598, p =

>0.05) which is slightly higher if only fe-



750 PROCEEDINGS OF THE BIOLOGICAL SOCIETY OF WASHINGTON

males are considered (r = 0.62, p =

>0.05). Group A includes the females of

most species and group B contains the four

males examined and the females of M. cha-

ci and M. yutsil. The forms with highest

values in terms of MSI and TL were the

females of M. aspericornis, M. edax, M.

longisetus s.str., and M. longisetus curvatus

(arrowed in Fig. 3). Overall, the morphol-

ogy of the mandibular edge of the studied

Mesocyclops shows a relatively wide range

of variation in terms of tooth structure.

Itoh's (1970) Edge Index was modified

due to the differences between the calanoid

teeth/mandibular pattern and the cyclopoid

pattern (see Huys & Boxshall 1991), mainly

with respect to the distribution of teeth

along the gnathal edge. The two main fac-

tors (width and height), when combined,

provide an idea of the strength of the the

teeth. Then, when divided by the number of

teeth (N), a quantitative measure is obtained

about the strnngth of each tooth, which is

the actual interpretation of this index for

Mesocyclops. These figures also provide a

quantitative estimation of the morphologi-

cal differences found in the species exam-

ined. Although the taxonomic value of the

mandible edge remains unexplored in Me-
socyclops or in any other freshwater genus,

this work reveals the many different char-

acters with potential use for identification

purposes, and that most of them can be

evaluated quantitatively. Mandibles are one

of the most heavily chitinized structures in

the copepods; therefore, these appendages

could be used to identify these crustaceans

at the species level from stomach contents

in trophic or ecological surveys.

The size of the body (LT) is a key factor

for a copepod used in mosquito control, but

one of the largest species of Cyclopidae

known (Homocyclops ater (Herrick)) can

not be used as a mosquito predator (see

Marten et al. 1994b). Therefore, the use of

the MSI together with the TL was consid-

ered necessary to infer the trophic habits of

the species of Mesocyclops. The MSI vs.

TL graphic (Fig. 3) yielded some interest-

ing facts: the relative size of the mandibular

edge tends to be proportional to the total

length of the species; males are smaller but

at least in two of the males evaluated (M.

pescei, M. reidae), mandibles are at least as

large as those of their females. The value

of males as potential predators of mosquito

larvae is undetermined, although in this

study the male of M. thermocyclopoides

ranked higher (MPI) than the female.

The females of Mesocyclops longisetus,

M. aspericornis, and M. edax are unique in

showing a proximal seta with 2-4 strong,

wide-based accessory teeth. They had the

highest MSI values which, complemented

with their body size (1.0-1.2 mm) suggests

they are the most well-equipped species for

predation within the examined group (see

Fig. 3). Overall, these results agree with

those of field and laboratory experiments

testing the predation capabilities of M. as-

pericornis and M. longisetus (see Marten et

al. 1994b, Suarez 1992) and of M. edax

(Marten 1989). Mesocyclops thermocyclo-

poides, recorded in Honduras, Costa Rica,

and Mexico, has been successfully used as

a mosquito control (Marten et al. 1994a,

1994b). Only recently were the neotropical

records of this species confirmed with

Asian specimens (Gutierrez-Aguirre et al.

2003). M. thermocyclopoides ranked sixth

in the MSI; its size (comparable to that of

M. aspericornis and M. longisetus curvatus)

suggests that this species might be capable

of attacking a mosquito larva. Our results

on this species agree entirely with the ob-

servations obtained from experimental

works by Kumar & Rao (1999a, 1999b) es-

tablishing this species as an omnivorous

form feeding on rotifers, ciliates, and algae.

A second group of probably omnivorous

species was found based on MSI vs TL val-

ues and MPI, i.e., the females of M. eva-

domingoi, M. thermocyclopoides, M. pes-

cei, and M. brasilianus (see Fig. 3). MSI
values range between 2.2 and 2.8; they are

medium to large-sized forms (0.75 mm-
1.00 mm), most with small to medium-

sized mandibles (except for M. brasilianus.



VOLUME 116, NUMBER 3 751

a Species with a mandible size equal to that

of predator species). These omnivorous

species may be capable of predation upon

small prey items when conditions are ap-

propriate to such behavior, but they may
also ingest other food sources. Males of

these species, some even with MSI values

higher than their females, may not be able

to feed on large prey (i.e., mosquito larvae)

because of their relatively small size. Fi-

nally, the females of M. chad and M. yutsil

are slender, probably planktic forms (Fiers

et al. 1996). In terms of size of the man-

dibular edge and teeth structure, these two

species represent the diametral opposite end

with respect to the predator group. Their

mandibles are built quite differently, they

probably handle algae, suspended organic

matter along the water column, or even the

heavily chitinized edge with these short,

very solid teeth (shown by the top GI val-

ues of all the examined group) could be

used to scrape off food from littoral surfac-

es or vegetation (if they are epibenthic

forms).

According to our results, the examined

species of American Mesocyclops exhibit a

wide variation of the mandibular size and

armament. We speculate that at least the

morphological extremes (M. yutsil-M. as-

pericornis) are on correspondence with dif-

ferent feeding habits and prey sizes. There-

fore, not all the species of Mesocyclops are

suitable to be developed or cultured as po-

tential biological controls of mosquitoes.

It is clear that the evaluation of the teeth

strength through the GI alone could be mis-

leading, a species with very strong teeth

will rank relatively high in this index (i.e.,

M. yutsil) but this does not necessarily im-

ply a predatorial capacity. This is why the

GI should be complemented with the MSI
and the MPI. A MSI value over 3 would

represent a species conveniently armed for

predation. We recognize, however, that the

relatively reduced number of observations

(see the Material examined section) is a

drawback of this analysis, but still, our re-

sults seem to make sense in terms of 1) the

estimated high capacity of three well-

known predator species and their consistent

tendency to cluster together in the three in-

dices used, 2) the distinction of different

and even contrasting structural-morpholog-

ical patterns within the genus, 3) the rela-

tion of this pattern with experimentally test-

ed feeding habits (for predators and one

omnivorous species), and 4) the relative

body and mandibular size differences

among the species examined herein. Of
course, these patterns and estimations

should be complemented with additional

observations in order to have a more robust

numerical analysis.

Using the detailed drawings provided in

redescriptions by Dahms & Fernando

(1993), we extended our results of mandib-

ular indices to other species and genera for

which feeding habits are known or inferred.

Mesocyclops leuckarti (Glaus, 1857) is a

predator species (Marten 1994). The MSI
estimated for this species is 4.06 and the

MPI is 315.8; these values are within the

range value of other predator species we
have detected in this work. Although these

indices were designed for Mesocyclops, we
tested our methods on Acanthocyclops

brevispinosus (Herrick, 1884) of the "ro-

bustus-vernalis'' group complex (Dodson

1994). Recently, it was redescribed by

Dahms & Fernando (1997). It has a MSI of

3.82, a value which suggests predating hab-

its. Eucyclops conrowae Reid, 1992), a sup-

posedly herbivore, had a GI of 65.1, a MSI
of 2.7, and a MPI of 175; these figures cat-

egorize this species within the omnivorous

forms. In these or in the other instances,

experimental observations will provide

valuable data to find a link between the

mandible structure and the feeding habits of

freshwater copepods. It is probable that the

differences among the species categorized

here as omnivorous forms, regardless of the

genus, rely mainly on the size of the poten-

tial prey they are able to capture and handle

(either protozoans, planktonic algae, or in-

sect larvae).
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Abstract.—A review of the species of Hypolohocera from Colombia is pre-

sented. A total of 18 species and four subspecies occur in this country. Diag-

noses, illustrations, and a key for the identification of species and subspecies

based on the morphology of the first male gonopod, are included. The geograph-

ical distribution of the genus, species and subspecies is updated based on new
material. Two new species, Hypolohocera murindensis and H. velezi, are de-

scribed and illustrated. Two more groups of Hypolohocera species, groups 7 and

8, are defined to accommodate H. alata Campos, and H. andagoensis (Pretz-

mann). One subspecies, H. houvieri rotundilohata, is elevated to specific rank.

The genus Hypolohocera Ortmann, 1897,

includes 34 species of freshwater crabs that

can be found in Venezuela, Colombia, Ec-

uador, and Peru. This makes Hypolohocera

the most widely distributed genus of all

pseudothelphusid genera. In Colombia, Hy-

polohocera is now represented by 18 spe-

cies and four subspecies. In reviewing the

genus for Ecuador, Rodriguez & Sternberg

(1998) listed 12 Ecuadorian species, three

of which were new. Rodriguez (1982a) re-

corded three species for Peru, the southern

distributional limit for the family Pseudo-

thelphusidae. The systematics and bioge-

ography of the genus have been reviewed

by Rodriguez (1982a, 1994), Rodriguez &
Sternberg (1998), and Prahl (1988).

The morphology of the first male gono-

pod, a basic characteristic for the diagnoses

of the species, displays considerable inter-

specific variability in freshwater crabs.

Rodriguez (1982a) divided the genus Hy-

polohocera into six groups based on mor-

phological and biogeographical features.

Accordingly, the Colombian Hypolohocera

can be placed as follows: in group 1, Hy-

polohocera heieri Pretzmann, 1968, H.

martelathani (Pretzmann, 1965), and H.

noanamensis Rodriguez, Campos & Lopez,

2002; in group 2, H. houvieri (Rathbun,

1898); in group 3, H. steindachneri Pretz-

mann, 1968; in group 4, H. cajamhrensis

Prahl, 1988, H. chocoensis Rodriguez,

1980, H. dentata Prahl, 1987, H. emhera-

rum Campos & Rodriguez, 1995, H. llo-

roensis Campos, 1989, H. malaguena,

Prahl, 1988, H. rotundilohata Rodriguez,

1994, and H. velezi, new species; and in

group 5, H. gorgonensis Prahl, 1983, and

H. mutisi Prahl, 1988; group 6, H. anda-

goensis (Pretzmann, 1965), and H. murin-

densis, new species. However, H. alata

Campos, 1989, and H. kamsarum Campos
& Rodriguez, 1995 can not be assigned to

any of the groups proposed by Rodriguez

(1982a) as the features of their gonopods

do not match any of Rodriguez's groups.

Thus, it is necessary to add two new groups

in order to accommodate these latter two

species. Group 7 is proposed for H. alata,

and is characterized by having the lateral

lobe of the first male gonopod with a strong

triangular process; the apex is oval and bent

caudocephalically, the cephalic border is
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expanded into triangular projection which is

folded downwards and has a rounded pa-

pilla on the tip. The known distribution of

group 7 comprises the San Juan River basin

on the Western Cordillera. Group 8 is pro-

posed for H. kamsarum, and is distin-

guished by the lateral lobe of the first male

gonopod which is small, transverse and dis-

placed towards the cephalic side; the apex

is oval with a rounded expansion distally,

and the mesial border is projected proxi-

mally, forming a strong triangular mesial

lobe. The distribution of group 8 comprises

the eastern foothills of the southern Andes

of Colombia.

The terminology for the male first gon-

opod is that of Smalley (1964), and Rod-

riguez (1982a, 1994). The measurements

are reported in the order "cl X cb" (cara-

pace length times carapace breadth). The
material was collected by the author except

where otherwise indicated, or in some cases

by an unknown collector (uk). The material

of the Museo de Biologia Marina, Univer-

sidad del Valle, was reported by Prahl with

numbers that apparently corresponded to

his collection lot numbers (not museum cat-

alogue numbers), followed by the abbrevi-

ation "ADT-CRBMUV" (=Agua Dulce y
Terrestres Crustaceos, Biologia Marina
Universidad del Valle). However, Prahl's

material examined that is still extant at the

Museo de Biologia Marina, Universidad del

Valle, Cali now has only museum catalogue

numbers. Prahl's collection numbers are in-

cluded herein in parenthesis only for the

material reported as such in his publica-

tions. Color nomenclature follows Smithe

(1975). Two species, Hypolobocera buen-

aventurensis (Rathbun, 1905), and H. stein-

dachneri Pretzmann, 1968, are not illustrat-

ed due to the lack of material.

The materials remain deposited in: Co-

leccion de Referenda, Museo de Historia

Natural, Instituto de Ciencias Naturales,

Universidad Nacional de Colombia, Bogota

(ICN-MHN); Museo de la Sociedad de

Ciencias Naturales La Salle, Caracas (LS);

Museo de La Salle, Bogota (MLS); Museo

de Biologia Marina, Universidad del Valle,

Cali (CRBMUV); Instituto Venezolano de

Investigaciones Cientificas, Caracas (IVIC);

National Museum of Natural History,

Smithsonian Institution, Washington D.C.

(USNM); Natural History Museum, Lon-

don (BM); Museum of Natural History of

Tulane University, New Orleans (TU);

Field Museum of Natural History, Chicago

(FMNH); and Musee de Strasbourg (SM).

Tribe Hypolobocerini Pretzmann, 1971

Hypolobocera Ortmann, 1897

Diagnosis.—First male gonopod with

strong longitudinal caudal ridge. Lateral

lobe well developed, sometimes reduced,

varying according to species as triangular,

rounded or subquadrate, and with or with-

out crenulations over distal margin. Apex
outline either rounded, oval, or elongated in

distal view. Mesial lobe triangular, semicir-

cular or reduced as strong fold. Third max-

illiped with exognath 0.20-0.60 times

length of ischium of endognath.

Type species.—Potamia chilensis H.

Milne Edwards & Lucas, 1844.

Distribution.—Venezuela, Colombia, Ec-

uador and Peru.

Hypolobocera alata Campos, 1989

Fig. lA-F

Hypolobocera alata Campos, 1989:145, fig.

2a-g.

Hypolobocera alata.—Rodriguez, 1992:

183.

Material examined.—Colombia. Huila

Department, Villavieja, La Batea stream,

400 m alt., 3 Apr 1982, leg. R. Restrepo,

6 holotype, 13.1 X 20.2 mm, 1 $ paratype,

13.4 X 21.4 mm, ICN-MHN-CR 0853.—
Risaralda Department, Pueblo Rico, Corre-

gimiento Santa Cecilia, Amurropa stream,

490 m alt., 26 Sep 1991, leg. G.A., 2 S,

12.3 X 19.5 mm, 10.1 X 15.2 mm, ICN-

MHN-CR 1309; Vereda La Granja, 700 m
alt., 22 Oct 1991, 1 S, 12.1 X 19.6 mm,
ICN-MHN-CR 1306.—Choco Department,
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Fig. I. Hypolobocera alata Campos, 1989, male, ICN-MHN-CR 1309: A, left first gonopod, caudal view;

B, same, lateral view; C, same, cephalic view; D, same, apex, distal view; E, right side of carapace, dorsal view;

F, left third maxilliped, external view.

Tado, Corregimiento Guarato, Guadralito

stream, 500 m alt., 28 Sep 1991. leg. G.

Andrade, 1 6, 12.1 X 19.4 mm, ICN-

MHN-CR 1308.

Diagnosis.—First male gonopod narrow.

strongly bent caudocephalically, distal cau-

dal margin with row of blunt teeth (Fig.

IB). Caudal ridge long, strong, straight;

ending beyond lateral lobe. Lateral lobe

with strong triangular process (Fig. lA-C).
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Apex bent caudocephalically, apex outline

oval in distal view, lateral border raised,

with 4 acute spines near caudal border; ce-

phalic border expanded into triangular pro-

jection, folded downwards, with rounded

papilla on tip; prominent rounded cephalic

papilla and small papilla on top. Mesocau-

dal projection of spermatic channel termi-

nating in slightly bifid papilla. Mesial lobe

subtriangular (Fig. IB-D). Third maxilliped

with exognath approximately 0.30 times

length of ischium (Fig. IF).

Remarks.—The type locality of Hypolo-

bocera alata is Villavieja, Huila, located on

the Magdalena River valley. Subsequently,

other specimens were collected in Pueblo

Rico, Risaralda, Western Cordillera, upper

reaches of the San Juan River, and in Tado,

Choco, Pacific coastal plain, middle course

of the San Juan River. The first male gon-

opods of these specimens is identical to that

of the holotype. Thus, it appears that the

type locality may have been misreported,

and Hypolobocera alata is actually found

in the vicinity of Pueblo Rico, Risaralda,

and Tado, Choco in the San Juan River ba-

sin.

Hypolobocera andagoensis

(Pretzmann, 1965)

Fig. 2A-G

Strengeria (Strengeria) andagoensis Pretz-

mann, 1965:6.

Hypolobocera (Hypolobocera) andagoen-

sis.—Prezimann, 1971:17; 1972:51, figs.

170-172.

Hypolobocera andagoensis.—Rodriguez,

1982a:67, fig. 21c, e.—Prahl, 1988:

183.—Rodriguez, 1994:296, fig. la-c.

Material examined.—Colombia. Choco
Department. Andagoya, May 1957, leg. M.
Latham, 1 S holotype, 19.2 mm X 31.6

mm, USNM 106405.—No data. May 1957,

leg. M. Latham, 13 d, 16.8 X 27.4 to 11.5

X 19.1 mm, 2 ?, cl 20.8 X 34.9 mm, 17.5

X 28.8 mm, USNM 106407.—No data.

May 1957, leg. M. Latham, 22 (5, 12.5 X
30.2 to 8.9 X 15.2 mm, 25 9, 21.0 X 37.6

to 9.4 X 11.0 mm, USNM 106409.—An-
dagoya, Condoto and San Juan Rivers, leg.

H. G. F Spurrel, 1 9, 19.2 X 32.0 mm, BM
1915.11.1.1.-110 km N of Palestina, Do-

cordo stream, affluent of San Juan River,

4°55'N, 76°55'W, 22 Jan 1971, leg. B. Mal-

kin and P. Bouchard, 1 m, 20.6 X 32.0 mm,
2 2, cl 12.6 X 18.9 mm, 11.1 X 16.6 mm,
FMNH 3676.

Diagnosis.—Chelae of male lacking tu-

bercles on external base of mobile fingers

and fixed fingers (Fig. 2G). First male gon-

opod with caudal ridge long, strong, slight-

ly sinuous; almost reaching to apex (Fig.

2A). Lateral lobe prominent, subquadrate,

narrower distally than proximally, external

margin faintly crenulated; caudal surface

partially excavated, (Fig. 2A, B). Apex out-

line oval in distal view, slightly expanded

caudally; shallow notch on caudal border,

and prominent cephalic papilla. Mesocaudal

projection of spermatic channel terminating

in acute papilla. Mesial lobe subtriangular

(Fig. 2C, D). Third maxilliped with exog-

nath approximately 0.25 times length of is-

chium (Fig. 2F).

Remarks.—In his original description,

Pretzmann (1965) designated as holotype a

male specimen from lot USNM 106405

(19.2 mm X 31.6 mm). However, Pretz-

mann (1972) changed the holotype lot as

USNM 106407. Pretzmann designated 14

males and two females from USNM
196405 as paratypes, and incorrectly stated

that the two lots were from the same local-

ity. Pretzmann (1972) illustrated the whole

holotype specimen (figs. 170, 171), and a

detached first male gonopod (figs. 311,

312). As indicated by Rodriguez (1994),

this appendage could not have belonged to

the holotype (USNM 106405) as it was

found still attached.

Hypolobocera beieri Pretzmann, 1968

Fig. 3A-H

Hypolobocera {Hypolobocera) bouvieri

Z^W^t/ Pretzmann, 1968:9; 1971:17; 1972:

46, figs. 176-181, 308, 309.



758 PROCEEDINGS OF THE BIOLOGICAL SOCIETY OF WASHINGTON

OCP/n2^

A-C^
D,

C i-H 1
1 I \

F^ \ 1

G
I I I I I I

mm

Fig. 2. Hypolobocera andagoensis (Pretzmann, 1965), male holotype, USNM 106405: A, left first gonopod,

caudal view; B, same, cephalic view; C, same, mesial view; D, same, apex, distal view; E, carapace, dorsal

view; F, left third maxilliped, external view; G, right chela, external view.
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Fig. 3. Hypolobocera beieri Pretzmann. 1968. male. ICN-MHN-CR 1749: A. left first gonopod, caudal view;

B, same, lateral view; C. same, cephalic view; D. same, mesial view; E, same, apex, distal view; E right side

of carapace, dorsal view; G, left third maxilliped. external view; H. right chela, external view.



760 PROCEEDINGS OF THE BIOLOGICAL SOCIETY OF WASHINGTON

Hypolobocera (Hypolobocera) monticola

steindachneri.—Pretzmann, 1972:46

(part.)

Hypolobocera beieri.—Rodriguez, 1982a:

46, figs. 19a, i, 20b, g, 24a-d.—Campos,

1985:275.—Prahl, 1985:43-47, figs. 1-

7.—Prahl, 1988:172, fig. 2.—Rodriguez,
1994:297.—Rodriguez et al., 2002:3, 4,

fig. IJ-K.

Material examined.—In addition to the

material reported by Rodriguez (1982a),

Prahl (1985), and Rodriguez et al. (2002),

the following has been examined: Colom-

bia, Valle del Cauca Department. Alto An-

chicaya, 2 Oct 1982, leg. H. von Prahl, 1

S, carapace broken, TU 6383.—Dagua,

Vereda El Carmen, Santa Clara Farm 2 Feb

1984, leg. E Recio, 2 S, 27.3 X 45.5 mm,
25.2 X 42.4 mm, 2 ?, cl 22.3 X 35.8 mm,
19.5 X 30.6 mm, CRBMUV 84059.—Tul-
ua, Vereda Salonica, 16 Aug 1982, leg. uk,

1 S, 113 X 27.9 mm, CRBMUV 84002.—

La Victoria, San Miguel, 3 km from high-

way to Tacota, 4 Feb 1984, leg. uk, 2 6,

\1A X 29.6 mm, 13.9 X 23.8 mm,
CRBMUV 84003.—Palmira, Corregimien-

to La Buitrera, 5 Sep 1986, leg. R. Neira,

5 $, 21.8 X 34.2 to 9.4 X 13.0 mm,
CRBMUV 82046.—Palmira, Corregimien-

to La Buitrera, 25 Jun 1982, leg. R. Neira,

1 S, 20.8 X 32.9 mm, CRBMUV 82048.—
Bugalagrande, Guadualillo, 6 Jan 1986, leg.

R. Neira, 2 S, 14.8 X 22.9 mm, 11.2 X

16.7 mm, 2 9, 16.7 X 25.5 mm, 9.3 X 15.8

mm, CRBMUV 86035.—Old road to Bue-

naventura, Vereda La Elsa, La Elsa stream,

840 m ak., 25 Aug 1984, leg. H. Restrepo,

1 9, 30.7 X 48.6 mm, CRBMUV 84061.—
Call, Corregimiento Felidia, 6 Mar 1988,

leg. uk, 3 9, 23.6 X 40.8 to 19.2 X 30.0

mm, CRBMUV 88019.—Dagua, Puerta del

Diablo near to Tacota, 3 Feb 1984, leg. H.

Arteaga, 1 S. 16.9 X 27.7 mm, 1 9, 19.2

X 31.4 mm, CRBMUV 84066 (054 ADT-
CRBMUV).—Jumbo, Vereda Manga Vieja,

San Marcos stream, 4 Feb 1984, leg. uk, 1

c?, 24.3 X 41.3 mm, 1 9, 30.7 X 48.1 mm,
CRBMUV 84068.—Jamundi, San Antonio,

1 Apr 1984, leg. uk, 2 c?, 20.9 X 33.8 mm,
19.8 X 30.5 mm, CRBMUV 84067.—Flor-
ida, Corregimiento Betania, 15 Dec 1984,

leg. uk, 8 (?, 21.8 X 34.0 to 11.3 X 16.9

mm, 5 9, 21.0 X 32.5 to 10.3 X 15.8 mm,
CRBMUV 84076.—La Cumbre, 18 Feb

1984, leg. uk, 1 9, 21.7 X 34.0 mm,
CRBMUV 84064.—Dagua, La Virgen

stream, 8 Feb 1984, leg. ER., 1 S, 16.4 X
25.8, 2 9, 22.3 X 34.9 mm, 13.5 X 19.9

mm, CRBMUV 84062.—Versalles, Inspec-

cion La Guavia, La Esperanza Farm, 8 Feb

1984, leg. uk, 2 (?, 19.7 X 31.2 mm, 10.9

X 18.2 mm, CRBMUV 86006.—Anser-
manuevo, Seca stream, 26 Feb 1984, leg.

F.R., 3 S, 22.3 X 32.7 to 18.5 X 29.3 mm,
CRBMUV 84080.—Bohvar, Betania, 15

Dec 1984, leg. J. Restrepo, 7 c?, 21.8 X
34.1 to 11.3 X 16.9 mm, 5 9, 21.0 X 32.5

to 10.3 X 15.8 mm, CRBMUV 84076.—
Call, Villa Carmelo, Bellavista Farm, 5 Mar
1983, leg. N. Mesa, 1 S, 15.7 X 25.7 mm,
2 9, 12.5 X 20.6 mm, 9.6 X 14.9 mm,
ICN-MHN-CR 0135.—Calima, Azul River,

1600 m ak., 8 Feb 1984, leg. R.R., 1 9,

20.0 X 31.5 mm, ICN-MHN-CR 0548.—
Call, Vereda Penas Blancas, Pichinde River,

1000 m alt., 29 Sep 1977, 1 9, 19.3 X 31.4

mm, ICN-MHN-CR 1264.—Yotoco, 19 km
from Buga to Buenaventura, La Cabana

Farm, 1450 m ak., 6 Nov 1998, leg. A. Sua-

rez, 1 (?, 26.7 X 44.5 mm, ICN-MHN-CR
1749.—Bolivar, Inspeccion Cerro Azul,

900 m ak., 22 Feb 1994, leg. E. Florez, 1

(?, 19.5 X 30.7 mm, ICN-MHN-CR
1881.—Choco Department, between Cu-

currupi and Noanama, Docordo stream, 5

Jan 1969, leg. B. Malkin, 1 S, 23.5 X 35.1

mm, 2 9, 45.8 X 69.4 mm, 42.2 X 63.7

mm, FMNH 3689.

Diagnosis.—First male gonopod slender,

bent caudocephalically (Fig. 3B). Caudal

ridge strong, fusiform, thickened at middle;

ending in narrow ridge beyond lateral lobe.

Lateral lobe small, slightly rounded, placed

far from apex. Cephalic surface with tuber-

culated ridge parallel to lateral lobe (Fig.

3A-D). Apex outline slightly oval in distal

view, with beak-like projection on cephalic
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border; mesocephalic border transverse.

Mesocaudal projection of spermatic chan-

nel terminated in rounded papilla. Mesial

lobe subtriangular (Fig. 3C, E). Third max-

illiped with exognath 0.30-0.40 times

length of ischium (Fig. 3G).

Remarks.—Pretzmann (1972) considered

the paratypes of this species to be Hypolo-

hocera {Hypolobocera) monticola stein-

dachneri Pretzmann, 1968. Rodriguez

(1994), however, disagreed and designated

the paratypes again as Hypolobocera beieri,

based on features of the gonopod and the

carapace.

Hypolobocera bouvieri bouvieri

(Rathbun, 1898)

Fig. 4A-H

Pseudothelphusa bouvieri Rathbun, 1898:

518, 533, 537, fig. 9.—Young, 1900:

215.—Rathbun, 1905:289.—Coifmann,

1939:107.

Strengeria (Strengeria) bouvieri Pretz-

mann, 1965:7.

Hypolobocera (Hypolobocera) bouvieri

Schmitt, 1969:102.

Hypolobocera (Hypolobocera) bouvieri

bouvieri Pretzmann, 1971:17.—Pretz-

mann, 1972:45, figs. 194-196, 278-280.

Hypolobocera bouvieri bouvieri.—Rodri-

guez, 1982a:55, 56, figs. 19, 21, 29.—
Campos, 1985:276-277.—Rodriguez et

al., 2002:6.

Material examined.—In addition to the

material reported by Rodriguez (1982a),

and Rodriguez et al. (2002), the following

has been examined from six Colombian De-

partments. (1) Boyaca Department. Soata,

Vereda La Acosta, El Arenal Farm, Soata-

La Uvita Highway, 1500 m alt., 10 Aug
1988, 8 d, 30.1 X 49.0 to 17.3 X 27.2 mm,
10 $, 38.6 X 65.1 tol8.7 X 29.3 mm, ICN-

MHN-CR 0887.—Soata, Vereda Llano-

grande, Soata-Duitama Highway, 2050 m
alt., 11 Aug 1988, 3 S, 19.6 X 30.8 to 13.9

X 21.9 mm, 3 9, 18.2 X 28.6 to 15.3 X
24.3 mm, ICN-MHN-CR 0889.—Puerto
Boyaca, Inspeccion Puerto Romero. Vereda

Dosquebradas, 500 m alt., 18 Sep 1996, 9

S, 41.1 X 69.1 to 13.0 X 20.5 mm, 9 $,

54.1 X 90.4 to 15.1 X 23.6 mm, ICN-
MHN-CR 1605, 1613.—Vereda La Fiebre,

La Fiebrecita stream, 350 m alt., 20 Sep

1996, 7 m, 23.2 X 35.0 to 12.8 X 18.6 mm,
7 9, 50.2 X 81.9 to 21.0 X 33.1 mm, ICN-
MHN-CR 1610, 1611.—Stream in Cam-
pamento Techint, 320 m alt., 26 Sep 1996,

1 9, 31.8 X 57.5 mm, ICN-MHN-CR
1625.—Honda stream, 400 m alt., 30 Sep

1997, leg. E. Florez, 1 cJ, 32.1 X 50.7 mm,
ICN-MHN-CR 1784.—Vereda La Cristah-

na. La Cristalina stream, 350 m alt., 4 Mar
2000, leg. L. Annichianico, 2 9, 22.9 X

35.0 mm, 17.0 X 26.1 mm, ICN-MHN-CR
1841.—Vereda La Fiebre, La Fiebre stream,

380 m alt., 5 Mar 2000, leg. J. Gonzales, 1

S, 18.4 X 28.5 mm, ICN-MHN-CR
1843.—Vereda La Fiebre, El Golfo Farm,

450 m alt., 8 Mar 2000, leg. N. Garzon, 3

(?, 47.8 X 79.4 to 23.5 X 37.0 mm, 3 9,

31.4 X 48.8 to 11.7 X 25.6 mm, ICN-

MHN-CR 1847.—Vereda El Oasis, Dos-

quebradas stream, 520 m alt., 9 Mar 2000,

leg. N. Rodriguez, 1 9, 61.4 X 101.3 mm,
ICN-MHN-CR 1849.—Puerto Boyaca, Ver-

eda El Terminal, El Terminal stream, 320

m alt., 22 Sep 1996, 1 6, 23.3 X 34.6 mm,
4 9, 40.6 X 64.0 to 19.9 X 29.6 mm, ICN-

MHN-CR 1615.—Puerto Boyaca, Vereda

La Pizarra, La Pizarra stream, 270 m alt.,

25 Sep 1996, 2 S, 18.6 X 30.0 mm, 13.0

X 18.5 mm, 4 9, 30.7 X 46.2 to 16.7 X

24.4 mm, ICN-MHN-CR 1624.—Otanche,
Vereda El Oasis, Honda stream, 625 m alt.,

19 Sep 1996, 1 c?, 27.1 X 43.4 mm, 1 9,

62.6 X 102.5 mm, ICN-MHN-CR 1607. (2)

Caldas Department. Samana, Vereda La
Miel, Campamento Tasajos, affluent of La

Miel River, 550 alt., 18-25 Apr 1994, 2 9,

cl 41.0 X 64.7 mm, 39.8 X 64.0 mm, 1

juvenile, ICN-MHN-CR 1329, 1345.—Sa-
mana, km 1.3 Samana-Los Pomos High-

way, 1100 m ah., 24 Apr 1994, leg. P M.
Ruiz, 1 9, 19.4 X 30.2 mm, ICN-MHN-CR
1352.—Samana, La Cristalina River, 430 m
alt., 25 Apr 1994, leg. R M. Ruiz, 1 9, 26.4

X 41.3 mm, ICN-MHN-CR 1354.—Victo-
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Fig. 4. Hypolobocera bouvieri bouvieri (Rathbun, 1898), male, ICN-MHN-CR 1556: A, left first gonopod,

caudal view; B, same, lateral view; C, same, cephalic view; D, same, mesial view; E, same, apex, distal view;

F, right side of carapace, dorsal view; G, left third maxilliped, external view; H, left chela, external view.
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ria, Vereda Hamburgo, Albion stream, 900

m alt., 19-24 Apr 1994, 4 d, 30.9 X 46.6

to 13.4 X 21.5 mm, 6 9, 49.2 X 82.1 to

15.0 X 22.9 mm, ICN-MHN-CR 1331,

1332, 1343.—Victoria, Vereda Canaan,

Victoria-Samana Highway, 1100 m alt., 19

Apr 1994, 1 S, carapace broken, ICN-

MHN-CR 1334. (3) Cundinamarca Depart-

ment. La Mesa, 1991, leg. C. Vieira, 1 6

,

21.9 X 31.3 mm, CRBMUV 81067.—Sa-
saima, 14 Mar 1982, 4 d, 23.4 X 34.7 to

15.4 X 23.3 mm, 1 9, 19.9 X 30.2 mm,
CRBMUV 82049, 82050.—Sasaima, El

Tranvia stream, 1500 m alt., 26 Feb 1984,

7 Jul 1986, 1 d, 41.1 X 61.9 mm, 1 9,

32.7 X 50.9 mm, ICN-MHN-CR 0545,

0637.—Sasaima, Vereda Guane, Miramar

Farm, 1300-1450 m alt., 21 Apr 1987, 5

S, 24.0 X 36.9 to 11.7 X 17.8 mm, 4 9,

21.5 X 32.8 to 15.4 X 24.0 mm, ICN-

MHN-CR 0719, 0721.—San Antonio de

Tequendama, Inspeccion Santandercito, 22

Sep 1982, 18 Mar 1983, leg. H. von Prahl,

1 d, 43.0 X 71.2 mm, 4 9, 46.4 X 76.0

mm to 32.8 X 51.0 mm, CRBMUV 82054,

83087.—San Antonio del Tequendama, San

Antonio del Tequendama-Araujo Highway,

1450 m alt., 24 Apr 1987, 2 c^, cl 39.5 X
61.8 mm, 31.5 X 50.4 mm, ICN-MHN-CR
0752.—San Antonio del Tequendama, Ver-

eda San Jose, Barbosa stream, 1500 m alt.,

24 Apr 1987, 1 S, 24.1 X 37.6 mm, 1 9,

45.0 X 72.3 mm, ICN-MHN-CR 0754.—
San Antonio del Tequendama, Vereda La-

guna Grande, El Curi stream, 1550 m alt.,

6 Apr 1989, 7 c?, 20.0 X 30.5 to 16.3 X
24.5 mm, 4 9, 23.2 X 36.8 to 16.2 X 24.1

mm, ICN-MHN-CR 0947.—Quebradane-
gra, Vereda Nacederos, 1250 m, 4 Mar
1983, 2 c^, 45.5 X 77.2 mm, 35.0 X 56.8

mm, ICN-MHN-CR 0129, 0130.—Quebra-
danegra, Corregimiento La Magdalena,

highway to Utica, 1300 m alt., 4-5 Mar, 23

Aug 1983, 3 (^, 47.1 X 77.4 to 31.1 X 50.5

mm, 5 9, 48.2 X 76.8 to 16.3 X 24.6 mm,
ICN-MHN-CR 0131, 0132, 0133, 0134,

0513, 0514.—Quebradanegra, Corregi-

miento La Magdalena, Paraiso Farm, 1180

m alt., 24 Aug 1983, 4 c?, 31.0 X 49.3 to

13.2 X 20.3 mm, 1 9, 17.8 X 26.9 mm,
ICN-MHN-CR 0516, 0517, 0519.—Que-
bradanegra, Vereda Pilares, Honduras
stream, 800 m alt., 21 Apr 1987, 1 S, 44.5

X 75.5 mm, ICN-MHN-CR 0722.—Guad-
uas, Vereda El Trigo, San Francisco River,

1300-1650 m alt., 6 Mar, 22 Jun 1983, 5

(5, 57.6 X 94.7 to 13.9 X 22.5 mm, 2 9,

56.4 X 91.0 mm, 53.6 X 86.4 mm, ICN-
MHN-CR 0136, 0137, 0138, 0456.—Guad-
uas, Vereda Versalles, El Chocho stream,

1050 m alt., 20 Apr 1983, 1 6, 39.5 X 63.4

mm, 3 9, 54.4 X 89.1 to 41.9 X 65.3 mm,
ICN-MHN-CR 0143, 0144, 0145, 0146.—
Guaduas, Vereda Cucharal, Vallarta Farm,

1300 m alt., 21 Apr 1983, 1 J, 51.6 X 86.3

mm, 1 9, 44.4 X 73.3 mm, ICN-MHN-CR
0448, 0449.—Guaduas, Corregimiento

Guaduero, Varelas stream, 575 m alt., 21

Jun 1983, 2 S, 14.3 X 22.2 mm, 18.1 X

27.4 mm, 1 9, 19.9 X 31.7 mm, ICN-

MHN-CR 0462, 0480.—Guaduas, Vereda

El Raizal y Cajon, 1300 m alt., 22 Jun

1983, 2 (?, cl 55.2 X 91.3 mm, 24.2 X 35.6

mm, 1 9, 48.8 X 78.8 mm, ICN-MHN-CR
0467-0469.—Guaduas, Chaguani stream,

1075 m alt., 24 Jun 1983, 4 S, 22.8 X 37.0

to 14.3 X 22.2 mm, 1 9, 19.8 X 31.3 mm,
ICN-MHN-CR 0474, 0475, 0476.—La Paz,

Vereda Carrapal, Carrapal stream, 1050 m
alt., 19 Apr 1983, 3 S, 33.0 X 54.5 to 26.6

X 43.0 mm, ICN-MHN-CR 0141, 0142.—
Caparrapi, Corregimiento El Dindal, El

Ajon stream, 560—580 m alt., 21, 22 Jun

1983, 10 S, 32.7 X 51.2 to 14.7 X 20.8

mm, ICN-MHN-CR 0459, 0460, 0463-

0465.—Caparrapi, Vereda Varelas, Carrapal

stream, 550 m alt., 23 Jun 1983, 4 6, 39.3

X 64.6 to 21.3 X 32.4 mm, 5 9, 29.3 X

46.8 to 15.0 X 22.2 mm, ICN-MHN-CR
0470-0473.—Utica, km 7 highway to La
Palma, La Guayabala stream, 775 m alt.,

25-26 Aug 1983, 9 S. 38.9 X 62.1 to 16.3

X 24.2 mm, 2 9, 36.9 X 58.3 mm, 26.7 X
43.0 mm, ICN-MHN-CR 0520-0524.—
Guayabal de Siquima, 1400 m alt., 4 Mar
1984, 4 (5, 17.8 X 27.9 to 10.9 X 16.2 mm,
2 9, 14.6 X 23.0 mm, 12.8 X 19.6 mm,
ICN-MHN-CR 0546.—Viota, Vereda Ata-
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la, 1200 m alt., 19 May 1984, leg. J. M.
Torres, 1 S. 53.8 X 88.0 mm, ICN-MHN-
CR 0574.—Tena, Vereda El Rosario, 1500

m alt, 6 Jun 1984, 1 c?, 39.2 X 62.8 mm,
1 9, 48.6 X 81.1 mm, ICN-MHN-CR
0589.—Tena, Vereda El Rosario, Tena-Los

Alpes Highway, 1350-1450 m alt., 23-24

Apr 1987, 8 Apr 1989, 5 S, 50.3 X 79.8

to 17.7 X 28.1 mm, 10 ?, 48.7 X 79.0 to

18.0 X 26.8 mm, ICN-MHN-CR 0735-

0737, 0748, 0945.—Tena, 2 km highway to

San Antonio de Tequendama, 1150 m alt.,

24 Apr 1987, 1 S, 19.7 X 30.4 mm, 2 9,

46.0 X 74.0 mm, 42.9 X 70.1 mm, ICN-

MHN-CR 0741, 0742.—Tena, Vereda

Guasimal, Las Mercedes Farm, 1 100 m alt.,

24 Apr 1987, 1 9, 27.7 X 43.2 mm, ICN-

MHN-CR 0743.—Villeta, Vereda La Mas-

ata, Cune stream, 850 m alt., 30 Jan 1985,

leg. E. Linares, 4 (5, 11.7 X 17.9 to 10.3 X

15.2 mm, ICN-MHN-CR 06 1 1 .—Villeta,

Vereda Cune, La Lorena Farm, 1000 m alt.,

22 Apr 1987, 5 c?, 30.2 X 48.6 to 18.2 X
27.7 mm, 4 9, 27.2 X 43.7 to 11.7 X 18.1

mm, ICN-MHN-CR 0723-0725.—San
Francisco, San Miguel stream, 1500 m alt.,

8 Mar 1987, leg. J. Gaitan, 1 S, carapace

broken, ICN-MHN-CR 0684.—La Vega,

Vereda Tierra Vieja, La Vega-Sasaima
Highway, 1250 m alt., 20 Apr 1987, 1 c^,

21.5 X 35.2 mm, ICN-MHN-CR 0716.—
Anolaima, Vereda Pinima, 1400 m alt., 23

Apr 1987, 4 S, 35.0 X 54.5 to 13.8 X 21.7

mm, ICN-MHN-CR 0729.—Cachipay, Ver-

eda La Maria, El Salitre stream, 1000 m
alt., 23 Apr 1987, 1 S, 47.9 X 79.8 mm, 1

9, 24.6 X 38.6 mm, ICN-MHN-CR
0731.—Cachipay, Cantagallo and El Refu-

gio streams, 1800 m alt., 7 Jan 1996, leg.

R. Casallas, 1 c?, 18.8 X 29.2 mm, ICN-

MHN-CR 1658.—La Mesa, Vereda El Ro-

sario, Los Micos stream, 1200 m alt., 23

Apr 1987, 1 (5, 25.5 X 40.2 mm, 2 9, cl

40.1 X 65.1 mm, 34.0 X 55.1 mm, ICN-

MHN-CR 0734.—La Mesa, Vereda Zapata,

1200 m alt, 24 Apr 1987, 2 9, 25.4 X 41.7

mm, 14.0 X 22.0 mm, ICN-MHN-CR
0739.—La Mesa, Tres Esquinas, 1200 m
alt., 24 May 1987, leg. R. Jaramillo, 1 9,

38.4 X 60.0 mm, ICN-MHN-CR 0759.—
La Mesa, Vereda Florian, Payacala stream,

1200 m alt., 22 May 1989, leg. C. Galan, 2

c^, cl 52.3 X 87.3 mm, 48.9 X 82.5 mm,
ICN-MHN-CR 0960.—Mesitas del Cole-

gio, Vereda Coiba, 990 m alt., 29 Sep 1990,

leg. G. Acosta, 4 S, 29.5 X 47.8 to 15.5 X
23.5 mm, 2 9, 22.1 X 34.9 mm, 18.1 X
27.2 mm, ICN-MHN-CR 1202.—Fusaga-
suga, Vereda La Pampa, Fusa-Chinauta

Highway, 2000 m alt, 8 Jan 1993, leg. M.
Ramirez, 1 9, 47.4 X 77.5 mm, ICN-MHN-
CR 1293.—Silvania, Vereda Panama Alta,

San Antonio de los Bogas Farm, El Hato

stream, 1830 m alt, 8 Aug 1995, leg. R.

Restrepo, 1 9, 43.0 X 73.0 mm, ICN-

MHN-CR 1458.—Yacopi, Inspeccion Apo-
sentos. El Hatico stream, 850 m alt, 26 Oct

1995, leg. G. Galvis, 1 9, 19.0 X 30.4 mm,
ICN-MHN-CR 1512.—Yacopi, Inspeccion

Guadualito, Vereda La Laguna, 900-1050

m alt, 28-29 Oct 1995, 2 S, 41.7 X 67.0

mm, 30.2 X 47.0 mm, 1 9, 34.2 X 55.7

mm, ICN-MHN-CR 1519-1521.—Yacopi,
Inspeccion Guadualito, Vereda Lamal,

Agua Blanca stream, 700 m alt, 31 Oct-4

Nov 1995, 2 S, 56.2 X 90.1 mm, 11.6 X
17.4 mm, 4 9, 54.5 X 86.2 to 11.3 X 17.1

mm, ICN-MHN-CR 1524, 532, 1535.—Ya-
copi, Inspeccion Guadualito, Vereda Gra-

males, Barbascales, Salitrona stream, 740 m
alt, 2 Nov 1995, 1 S, 17.0 X 26.0 mm,
ICN-MHN-CR 1528.—Yacopi, Inspeccion

Guadualito, Vereda Lamal, Albercas, 900 m
alt, 3 Nov 1995, 1 9, 55.0 X 89.3 mm,
ICN-MHN-CR 1529.—Yacopi, Vereda La
Oscura, La Oscura stream, 350 m alt., 24

Sep 1996, 6 S, 40.5 X 64.8 to 12.6 X 15.6

mm, 8 9, 24.4 X 37.2 to 10.6 X 15.6 mm,
ICN-MHN-CR 1621. (4) Norte de Santan-

der Department. Pamplonita, stream near to

town, 1600 m alt., 26 Mar 1987, 2 c?, 20.0

X 30.2 mm, 20.6 X 31.0 mm, 1 9, 29.8 X
46.2 mm, ICN-MHN-CR 069 1 .—Pamplon-

ita, Vereda San Jose de Cunuta, 1100-1250

m alt, 26 Mar 1987, 2 c?, 39.5 X 63.2 mm,
32.8 X 51.3 mm, ICN-MHN-CR 0692,

0693.—Chinacota, Vereda El Urengue,

1075 m alt, 26 Mar 1987, 1 J, 35.2 X 57.3
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mm, ICN-MHN-CR 0694.—Chinacota,
Vereda Sonival, Chinacota-Toledo High-

way, 1600 m alt, 27 Mar 1987, 1 ?, 42.0

X 67.7 mm, ICN-MHN-CR 0699.—Chin-
acota, Vereda El Asilo, Cacua stream, Chin-

acota-Ragonvaha Highway, 1600 m alt., 9

Oct 1988, 1 ?, 34.6 X 55.2 mm, ICN-

MHN-CR 0928.—Bucarasica, Vereda Santa

Rita, Sardinata-Ocafia Highway, 400 m alt.,

29 Mar 1987, 3 S, 21.6 X 35.2 to 14.2 X

22.5 mm, 1 9, 16.5 X 25.5 mm, ICN-

MHN-CR 0703.—Bucarasica, Vereda For-

tunas, Sardinata-Ocaiia Highway, 500 m
alt., 29 Mar 1987, 10 6, 19A X 31.4 to

12.5 X 20.1 mm, 3 ?, 26.9 X 44.4 to 16.7

X 26.0 mm, ICN-MHN-CR 0704.—Boch-
alema, Corregimiento La Donjuana, Vereda

Cachiri, Durania-Lamus Highway, 1050 m
alt., 30 Mar 1987, 1 c?, 22.5 X 36.1 mm, 1

9, 18.0 X 27.7 mm, ICN-MHN-CR
0705.—Bochalema, Corregimiento La
Donjuana, Vereda Cachiri, 1125 m alt., 30

Mar 1987, 5 9, 26.8 X 41.8 to 11.2 X 17.6

mm, ICN-MHN-CR 0706.—Durania, Ver-

eda La Palma, Lavapatas stream, 900 m alt.,

31 Mar 1987, 6 6, 34.6 X 55.6 to 16.0 X

24.5 mm, 1 9, 33.8 X 55.9 mm, ICN-

MHN-CR 0708.—Cucutilla, Vereda Cuesta

Rica, Limoncito stream, 1700 m alt., 8 Oct

1988, 1 9, 25.9 X 38.6 mm, ICN-MHN-
CR 0926.—Cucutilla, Vereda Aguada Bajo,

Pamplona-Cucutilla Highway, 1450 m alt.,

8 Oct 1988, 1 9, 35.1 X 56.5 mm, ICN-

MHN-CR 0927. (5) Santander Department.

Piedecuesta, Vereda El Fical, San Miguel

stream, 950 m alt., 1 Apr 1987, 3 6, 33.8

X 55.2 to 20.1 X 35.7 mm, 13 9, 37.3 X
61.0 to 20.1 X 33.3 mm, ICN-MHN-CR
0710.—Aratoca, Vereda Monterredondo,

San Miguel stream, 1650 m alt., 1 Apr

1987, 1 (?, 19.6 X 30.0 mm, 1 9, 18.8 X

45.4 mm, and 15 juveniles, ICN-MHN-CR
0711.—Simacota, Vereda Nauno, Socorro-

Simacota Highway, 1050 m alt., 22 Sep

1988, 3 S, 19.1 X 28.8 to 16.4 X 24.9 mm,
2 9, 18.7 X 28.9 mm, 15.6 X 23.7 mm,
and 2 juveniles, ICN-MHN-CR 0906.—Si-

macota, Vereda Pedregales, San Miguel

stream, Sogamoso-Simacota Highway, 950

m alt., 22 Sep 1988, 2 S, 39.3 X 62.7 mm,
14.7 X 22.1 mm, ICN-MHN-CR 0907.—
Chima, Vereda Tierra Amarilla, El Guamal
stream, Simacota-Chima Highway, 1050 m
alt., 22 Sep 1988, 1 d, 26.3 X 41.4 mm,
ICN-MHN-CR 0908.—Suaita, Vereda La

Aguadita, La Aguadita stream, 1600 m alt.,

5 Jan 1994, leg. A. Rodriguez, 3 d, 16.7 X

29.5 to 12.2 X 19.3 mm, ICN-MHN-CR
1452. (6) Tolima Department. 8 km South

of Ibague, Combeima River, 12 Jun 1977,

leg. H. Diaz, 1 d, 52.0 X 84.0 mm, 6 9,

54.3 X 88.4 to 45.2 X 71.5 mm, IVIC—
Icononzo, Las Lajas stream, 1070 m alt., 28

Mar 1978, leg. C. Escallon, 3 (?, 37.1 X

60.6 to 35.3 X 57.2 mm, ICN-MHN-CR
0499, 0500, 0501.—Icononzo, Vereda Cha-

parro. La Juanita Farm, 1200 m alt., 16 Nov
1986, 1 (?, 25.5 X 40.7 mm, ICN-MHN-
CR 0681.

Diagnosis.—Chelae of male with small

rounded or oblong tubercle on external base

of mobile fingers, and prominent, rounded

tubercle on external base of fixed fingers

(Fig. 4H). First male gonopod with caudal

ridge long, slightly sinuous; ending in nar-

row ridge beyond lateral lobe (Fig. 4A).

Lateral lobe semicircular, with or without

crenulations over distal margin. Cephalic

surface with transverse crest on distal half,

and tuberculated ridge parallel to lateral

lobe (Fig. 4A-D). Apex outline oval, bor-

ders raised; prominent cephalic papilla and

auxiliary rounded papilla near spermatic

channel. Mesocaudal projection of sper-

matic channel terminating in blunt papilla.

Mesial lobe subtriangular (Fig. 4D, E).

Third maxilliped with exognath 0.20-0.30

times length of ischium (Fig. 4G).

Remarks.—This subspecies is widely dis-

tributed in the slopes of the Central and

Eastern Cordilleras where waters drain to

the Magdalena River. In males, the main

feature that distinguishes this subspecies

from the others are the chelae, which fea-

ture a prominent, rounded tubercle on the

external base of the fixed fingers (Fig. 4H).
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Hypolobocera bouvieri angulata

(Rathbun, 1915)

Fig. 5A-H

Pseudothelphusa angulata Rathbun, 1915:

98.—Coifmann, 1939:106.—Rodriguez,

1966:129, fig. 9.—Rodriguez, 1967:10.

Strengeria (Strengeria) angulata Pretz-

mann, 1965:7.

Hypolobocera (Hypolobocera) bouvieri an-

gulata Pretzmann, 1971:17, pi. 17.

—

Pretzmann, 1972:45, figs. 156-158, 208-

210.

Hypolobocera bouvieri angulata.—Rodri-

guez, 1982a:56-57.—Rodriguez, 1994:

299.—Campos, 1985:275-276, Rodri-

guez et al., 2002:6.

Material examined.—In addition to the

material reported by Rodriguez (1982a),

and Rodriguez et al. (2002), the following

has been examined: Colombia, Magdalena

Department. Santa Marta, Minca, 880 m
alt., M holotype, 40.0 X 65.0 mm, USNM
98398.—Sierra Nevada de Santa Marta, 10

Aug 1987, leg. uk, 1 (5, 30.4 X 47.9 mm,
CRBMUV 87014.—Santa Marta, Parque

Nacional, Natural Tayrona, Los Cedros. 2-

6 Jul 1983, leg. G. Galvis. 4 S, 43.3 X 61.4

to 16.1 X 25.8 mm, 6 ?, 42.6 X cb 59.0

to 16.8 X 24.6 mm, ICN-MHN-CR 0528-

0530.—Santa Marta, Minca, 850 m alt., 23

May 1989, leg. R. Sanchez, 1 9, 34.6 X
55.6 mm, ICN-MHN-CR 0961.—Santa
Marta, Vereda Alto Guachaca, stream afflu-

ent of Guachaca River, 700 m alt., 30 Sep

1992, leg. A. Ferrer, 1 9, 54.6 X 87.4 mm,
ICN-MHN-CR 1296.—Cesar, Serrania de

Perija, La Jagua de Ibirico, Corregimiento

La Victoria de San Isidro. Vereda Alto de

las Flores, stream near Escuela Nueva de

las Flores, 1200 m alt., 8 Mar 1996, 2 S,

47.5 X 79.2 mm, 21.9 X 33.3 mm, 1 ?,

13.4 X 19.9 mm, ICN-MHN-CR 1551,

1556.—Vereda Nueva Granada, El Indio

stream, 590 m alt., 9 Mar 1996, 4 S, 57.3

X 95.5 to 15.8 X 23.9 mm, 2 9, 48.0 X

78.1 mm, 20.0 X 31.4 mm, ICN-MHN-CR
1554, 1555, 1573.—Vereda El Zumbador,

El Zumbador stream, 400 m alt., 10 Mar

1996, 2 (?, 19.8 X 30.7 mm, 20.6 X 31.5

mm, 6 9, 38.2 X 59.5 to 13.0 X 20.3 mm,
ICN-MHN-CR 1557.—Vereda Alto de las

Flores, Tucuy River, 915 m alt., 11 Mar
1996, 2 S. 29.9 X 34.6 mm, 21.0 X 32.0

mm, 1 9, 21.8 X 35.2 mm, ICN-MHN-CR
1558.—Vereda El Zumbador, Zumbador
River, 1000 m alt, 14-17 Mar 1996, 8 c^,

48.3 X 73.9 to 15.0 X 23.0 mm, 16 9, 54.2

X 89.2 to 8.3 X 13.8 mm, 2 juveniles, ICN-
MHN-CR 1563, 1564, 1566, 1567.—Vere-
da Nueva Granada, Buenavista Farm, Zum-
bador River, 500 m alt., 20 Mar 1996, leg.

O. V Castaiio, 1 (5, 24.1 X 36.7 mm, 1 9,

42.4 X 69.9 mm, ICN-MHN-CR 1572.—
Venezuela. Estado Zulia, Serrania de Per-

ija, Socuy River, Cueva Los Laureles, 1300

m, alt., 20 Dec 1990, leg. A. L. Viloria and

T. R. Barros, 1 S, 39.8 X 62.1 mm,
IVIC.—Estado Zulia, Serrania de Perija,

Socuy River, Los Encantos, 850 m, alt., 20

Dec 1995, leg. E Herrera, 1 S, 29.5 X 47.7

mm, IVIC.

Diagnosis.—Chelae of male with small

tubercle on external base of mobile fingers,

and swelling on external base of fixed fin-

gers (Fig. 5H). First male gonopod with

caudal ridge long, either sinuous or straight;

ending in narrow ridge beyond lateral lobe

(Fig. 5A, B). Lateral lobe usually subtrian-

gular with small crenulations on distal mar-

gin. Cephalic surface with transverse crest

on distal half and tuberculated ridge parallel

to lateral lobe (Fig. 5A-D). Apex outline

oval in distal view; prominent cephalic pa-

pilla, and auxiliary rounded papilla near

spermatic channel. Mesocaudal projection

of spermatic channel terminating in slightly

acute papilla. Mesial lobe subtriangular

(Fig. 5D, E). Third maxilliped with exog-

nath 0.20-0.32 times length of ischium

(Fig. 4G).

Remarks.—This subspecies is broadly

distributed in an area that reaches from the

Sierra Nevada de Santa Marta to both

slopes of the Sierra de Perija and the Cor-

dillera de Merida in Venezuela. The distri-

bution includes two disjunct areas that cov-

er two different basins: the Cesar, and the
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Fig. 5. Hypolobocera bouvieri angulata (Rathbun, 1915), male, Colombia, Santa Marta, ICN-MHN-CR
0528: A, left first gonopod, caudal view; C, same, lateral view; D, same cephalic view; E, same, apex, distal

view; F, right side of carapace, dorsal view; G, left third maxilliped, external view; H, right chela, external view.

Male, Venezuela, Estado Zulia, Serrania de Perija, Socuy River. IVIC: B. left first gonopod, caudal view.
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Catatumbo Rivers. This type of distribution,

possibly due to temperature differences, is

considered a relict distribution. There are

slight differences in the first male gonopods

of the specimens found in the Sierra Ne-

vada de Santa Marta in Colombia and in the

Sierra de Perija in Venezuela. The most sig-

nificant difference is the shape of the lateral

lobe, which is slightly semicircular (Fig.

5B). This difference is most likely caused

by different environmental conditions.

Hypolobocera bouvieri monticola

(Zimmer, 1912)

Fig. 6A-H

Pseudothelphusa monticola Zimmer, 1912:

3, figs. 6-10, pi. 1.—Coifmann, 1939:

108.

Strengeria (Strengeria) monticola Pretz-

mann, 1965:7.

Hypolobocera {Hypolobocera) monticola

monticola Pretzmann. 1971:17.—Pretz-

mann, 1972:46, figs. 197-199, 206, 207.

Hypolobocera bouvieri monticola.—Rodri-

guez, 1982a:56, figs. 19, 21, 30.

Material examined.—Colombia. (1) An-

tioquia Department. 28 Jun 1966, leg. uk, 1

(?, 22.7 X 37.1 mm, CRBMUV 66001.—
Los Lagos, leg. uk, 1 S , carapace broken,

CRBMUV 67001.—Caucasia, Rojo River,

5 Jan 1969, leg. M. Serna, 1 6, 23.8 X 38.7

mm, 1 9, 14.5 X 26.1 mm, CRBMUV
69002.—San Luis, Vereda Manizales, 1600

m alt., 12 Nov 1981, leg. P Pinto, 1 9, 49.5

X 85.9 mm, ICN-MHN-CR 0128.—Santa
Fe de Antioquia, Vereda Chaparral, high-

way to Guasabra, 1600 m alt., 6 Jan 1988,

leg. M. T. Murillo, 2 (5, 24.3 X 39.7 mm,
15.6 X 24.4 mm, 2 9, 20.1 X 36.0 mm,
15.0 X 23.0 mm, CN-MHN-CR 0849.—
Urrao, Valle de Perdidas, 1700 m alt., 1 Sep

1994, leg. P Duque, 2 c?, cl 21.0 X 32.7

mm, 14.0 X 21.4 mm, 2 9, cl 19.5 X 29.8

mm, 13.6 X 20.7 mm, ICN-MHN-CR
1384.—Urrao, Valle de Perdidas, 1750 m
ah., 14 Mar 1994, leg. A. L. Salazar, 1 c?,

23.5 X 37.0 mm, ICN-MHN-CR 1385.—
Fredonia, Vereda La Cristalina, 1800 m alt..

8 Jul 2000, leg. L. E. Velasquez, 1 S, 28.0

X 44.2 mm, 1 9, 36.9 X 61.3 mm, ICN-
MHN-CR 1864. (2) Quindio Department.

Quimbaya, Inspeccion La Espafiola, 27

May 1987, leg. uk, 1 (5, 21.9 X 31.3 mm,
CRBMUV 87013. (3) Risaralda Depart-

ment. Pueblo Rico, 3 km from Pueblo Rico

to Santa Ceciha, 1430 m alt., 18 Aug 1987,

2 (?, 13.0 X 19.1 mm, 10.6 X 15.6 mm, 1

9, 13.3 X 20.4 mm, ICN-MHN-CR
0780.-8 km from Pueblo Rico to Villa

Claret, Tolda Seca stream, 1550 m alt., 21

Aug 1987, 2 (?, 17.8 X 27.0 mm, 16.3 X
24.1 mm, 2 9, one with carapace broken,

12.7 X 18.6 mm, 2 juveniles, ICN-MHN-
CR 0781.—Vereda Zabarraga Piunda, Piun-

da stream, 730 m alt., 21 Aug 1987, 1 9,

28.5 X 45.9 mm, ICN-MHN-CR 0786.—
Vereda Ciato, Cristalina stream, 1500 m
alt, 20-23 Sep 1991, 7 S, 21.7 X 33.1 to

9.5 X 13.2 mm, 3 9, 15.8 X 23.2 to 9.1 X
13.7 mm, ICN-MHN-CR 1239, 1240,

1245—Stream affluent to Negro River,

1600 m alt, 21 Sep 1991, 1 6, 12.7 X 18.7

mm, 1 9, 14.3 X 21.5 mm, ICN-MHN-CR
1242.—Vereda Los Pueblos, 1500 m alt.,

22 Sep 1991, 5 S, 25.1 X 39.8 to 12.0 X
17.9 mm, 1 9, 9.8 X 14.0 mm, ICN-MHN-
CR 1243.—Vereda Palo Blanco, Moravia

Farm, 1300 m alt., 23 Sep 1991, 8 S, 21.4

X 32.1 to 11.3 X 15.9 mm, 3 9, 14.6 X
22.7 to 11.8 X 17.5 mm, ICN-MHN-CR
1247, 1249.—Vereda Ciatocito, 1550 m
alt, 24 Sep 1991, 1 S, 14.6 X 22.1 mm, 3

9, 11.2 X 17.4 to 11.0 X 17.1 mm, ICN-

MHN-CR 1251.—Vereda San Jose, La Pa-

lestina Farm, Pueblo Rico-Villa Claret

Highway, 1500-1600 m alt, 25, 26 Sep

1991, 14 6, 23.0 X 34.7 to 11.2 X 17.0

mm, 7 9, 29.5 X 47.3 to 12.2 X 18.9 mm,
ICN-MHN-CR 1253, 1254.—Vereda La
Selva, La Pava stream, way to Repetidora,

1350 m alt, 27 Sep 1991, 1 6, 16.3 X 24.2

mm, 2 juveniles, ICN-MHN-CR 1256.—

Vereda Caja de Oro, 1600 m alt, 27 Sep

1991, leg. A. Loaiza, 1 c?, 15.0 X 22.7 mm,
1 9, 13.5 X 20.3 mm, 1 juvenile, ICN-

MHN-CR 1258.—Negro River, 1600 m alt,

28 Sep 1991, 1 S. 17.4 X 27.0 mm, 5 9,
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Fig. 6. Hypolobocera bouvieri monticola (Zimmer, 1912), male, ICN-MHN-CR 0086: A, left first gonopod,

caudal view; B, same, lateral view; C, same, cephalic view; D, same, mesial view; E, same, apex, distal view;

F, right side of carapace, dorsal view; G, left third maxilliped, external view; H, right chela, external view.
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28.9 X 46.0 to 16.2 X 25.3 mm, ICN-

MHN-CR 1260.—La Florida, Vereda La
Suiza, stream by "Camino Ecologico",

1850 m alt., 12 Jun 1989, leg. M. Morales,

1 S, 24.0 X 39.0 mm, ICN-MHN-CR
0966.—Mistrato. Corregimiento San Anto-

nio del Chami. Vereda La Florida, San An-

tonio del Chami-Geguadas Highway, 1100

m alt, 30 Mar 1992, 13 c^, 25.7 X 39.0 to

11.8 X 17.5 mm, 9 9, 20.8 X 32.2 to 13.0

X 19.8 mm, ICN-MHN-CR 1268.—Vereda
La Palestina, San Antonio del Chami-Mis-

trato Highway, 1150 m ah., 30 Mar 1992,

3 6, 20.0 X 31.8 to 11.0 X 15.9 mm, 4 9,

15.1 X 22.7 to 14.4 X 21.9 mm, ICN-

MHN-CR 1269.—Vereda Arcacay, 900 m
ah., 1 Apr 1992, 3 S, 14.0 X 21.8 to 10.9

X 16.1 mm, 2 ?, 17.2 X 26.5 mm, 13.5 X

20.2 mm, ICN-MHN-CR 1270.—Vereda
Empalado, 1800 m ah., 1 Apr 1992, 1 $,

cl 34.8 mm, cb 55.2 mm (ICN-MHN-CR
1271).—Vereda Mampay, Sutii stream,

1750 m ah., 3 Apr 1992, 7 6, 19.5 X 29.2

to 12.5 X 18.6 mm, 3 ?, 17.7 X 26.3 to

11.5 X 17.2 mm, ICN-MHN-CR 1272.—
Vereda La Florida, 1350 m ah., 4 Apr 1992,

10 6, 24.5 X 37.4 to 12.6 X 19.5 mm, 13

?, 31.0 X 47.0 to 12.0 X 18.0 mm, ICN-

MHN-CR 1273.—San Antonio stream, 800

m ah., 4 Apr 1992, 1 6, 33.5 X 51.6 mm,
1 ?, 30.3 X 47.6 mm, ICN-MHN-CR
1274.—Vereda La Gabriela, Sutii stream,

1700 m ah., 6 Apr 1992, 1 6, 15.8 X 23.5

mm, 1 9 , carapace broken, ICN-MHN-CR
1275.—Vereda Puerto de Oro, Carbones

stream, 1080 m ah., 22 May 1992, leg. R.

Sanchez, 1 9, 19.8 X 31.6 mm, ICN-MHN-
CR 1778. (4) Tolima Department, Chapar-

ral. Vereda El Linday, La Miel stream, 900

m ah., 26 Jul 1981, 6 6, 37.7 X 59.7 to

21.5 X 33.9 mm, 8 9, 38.0 X 60.4 to 12.1

X 18.6 mm, ICN-MHN-CR 0069, 0070,

0071, 0072, 0073, 0074, 0075, 0076.—Ver-
eda El Linday, Agua Dulce stream, 850-

900 m ah., 22 May 1984, 15 Jul 1995, 4

6, 45.7 X 73.6 to 23.4 X 36.7 mm, 2 9,

40.2 X 64.1 mm, 31.8 X 51.9 mm, ICN-

MHN-CR 0570, 1457.—Tuluni stream, 920

m ah., 24 Aug 1982, leg. D. H. Campos, 1

6, 51.4 X 86.0 mm, ICN-MHN-CR
0086.—Corregimiento El Limon, Lake in

Camacho Angarita Farm, 900 m alt., 20

Mar 1983, 1 (5, 45.1 X 75.6 mm, ICN-
MHN-CR 0139.—Corregimiento El Limon,

Vereda Betania, 900 m ah., 15 Jul 1983,11

Jan 1988, 11 S, 38.7 X 59.5 to 13.8 X 20.7

mm, 9 9, 59.5 X 100.9 to 16.8 X 26.9 mm,
ICN-MHN-CR 0506, 0507, 0509, 0845.—
Corregimiento El Limon, Vereda Buenosai-

res, Miraflores Farm, 920 m alt., 17 Jul

1983, 30 Mar 1994, 6 6, 27.8 X 43.0 to

10.3 X 15.5 mm, 5 9, 26.3 X 40.7 to 21.0

X 32.5 mm, ICN-MHN-CR 0510, 0511,

0512, 1311.—Vereda Maito, Santa Ana
stream, 950 m alt., 7 Jan 1985, 1 6, 25.8

X 41.0 mm, ICN-MHN-CR 0606.—Vereda
Potrerito de Aguayo, 900 m alt., 15 May
1988, 20 Jul 1989, leg. D. Campos, 2 6,

47.4 X 79.4 mm, 38.1 X 61.0 mm, ICN-

MHN-CR 0872, 0976.—Corregimiento El

Limon, Vereda Betania, La Angostura,

1200-1300 m ah., 16-21 Oct 1993, 4 S,

45.0 X 73.7 to 20.3 X 31.6 mm, 4 9, 34.2

X 52.9 to 13.9 X 20.8 mm, ICN-MHN-CR
1298, 1302, 1305.—Corregimiento El Li-

mon, Vereda Chicala, 1100 m alt., 17 Oct

1993, 1 S, 21.8 X 33.8 mm, 2 9, 24.0 X
37.1 mm, + another with carapace broken,

ICN-MHN-CR 1300.—Corregimiento El

Limon, Vereda Providencia, 1000 m alt.,

19, 20 Oct 1993, 9 6, 24.7 X 38.2 to 13.7

X 20.5 mm, 7 9, 29.3 X 46.7 mm to 15.5

X 22.5 mm, ICN-MHN-CR 1303, 1304.—

Rioblanco, Blanca stream, 900 m alt., 22

May 1984, 1 9, 36.9 X 59.0 mm, ICN-

MHN-CR 0568.—Purificacion, Vereda San

Antonio, El Consuelo stream, 300 m alt.,

22 Aug 1997, leg. A. Fajardo, 1 9, 51.8 X

84.9 mm, ICN-MHN-CR 1667. (5) Valle

del Cauca Department. Bolivar, Vereda

Santa Marta, Aguas Lindas stream, 26 Feb

1983, leg. uk, 2 (5, cl 20.3 X 31.1 mm, 14.7

X 21.6 mm, 2 9, cl 19.2 X 29.5 mm, 16.5

X 25.2 mm, CRBMUV 83082.—Bolivar,
El Manzano Farm, 25 Jan 1984, leg. J. Res-

trepo, 1 (?, 30.1 X 47.8 mm, CRBMUV
84083.—Sevilla, Inspeccion Morro Azul,

La Miranda Farm, 28 Mar 1985, leg. F Re-
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cio, 2 6, 20.2 X 31.0 mm, 14.6 X 21.7 mm,
2 9, 19.0 X 29.3 mm, 16.1 X 25.0 mm,
CRBMUV 85134.

Diagnosis.—Chelae of male with small,

rounded or irregularly shaped tubercle on

external base of mobile fingers, and swell-

ing on external base of fixed fingers (Fig.

6H). First male gonopod with caudal ridge

long, straight; ending in narrow ridge be-

yond lateral lobe (Fig. 6A). Lateral lobe

small, subtriangular, usually with crenula-

tions on distal margin. Cephalic surface

with transverse crest on distal half and tu-

berculated ridge parallel to lateral lobe (Fig.

6A-D). Apex outline oval, borders raised;

prominent cephalic papilla and auxiliary

rounded papilla near spermatic channel.

Mesocaudal projection of spermatic chan-

nel terminated in blunt papilla, with distal

spinule. Mesial lobe subtriangular (Fig. 6C-
E). Third maxilliped with exognath 0.20—

0.30 times length of ischium (Fig. 6G).

Remarks.—This subspecies has a trans-

basin distribution covering the Central and

Western Cordilleras in the mid-Magdalena

and Cauca River basins. Females of this

subspecies produced a large number of

eggs, and thus have a great potential to col-

onize new habitats.

Hypolobocera bouvieri stenolobata

Rodriguez, 1980

Fig. 7A-H

Hypolobocera bouvieri stenolobata Rodri-

guez, 1980:891.—Rodriguez, 1982a:

58.—Rodriguez, 1994:299.

Material examined.—Colombia, Huila

Department, Pitalito. Oritoguaza stream,

1200 m alt., 28 Aug 1986, 1 6, 33.4 X 52.9

mm, 1 ?, 44.2 X 71.4 mm, ICN-MHN-CR
0656, 0657.—Vereda La Palma, stream

near coffee plantation, 1200 m alt., 29 Aug
1986, 2 9, 43.1 X 69.4 mm, 38.3 X 60.7

mm, ICN-MHN-CR 0658, 0659.—Vereda
Calamo, Yamboro Farm, 1175 m alt., 29

Aug 1986, 4 c5, 34.9 X 55.3 to 15.0 X 22.8

mm, 1 9, 24.8 X 38.6 mm, ICN-MHN-CR
0661.—Gigante, Vereda Bajo Corozal, Cat-

alina stream, 1200 m alt, 30 Aug 1986, 5

c?, cl 27.9 X 45.5 to 10.5 X 15.8 mm, 1 $,

28.2 X 45.6 mm, ICN-MHN-CR 0662,

0663.—Rivera, 1000 m alt., 15 Jan 1988, 1

?, 43.1 X 69.4 mm, ICN-MHN-CR 0846.

Diagnosis.—Chelae of male with irreg-

ular shape tubercle on external base of mo-
bile fingers, and swelling on external base

of fixed fingers (Fig. 7H). First male gon-

opod with caudal ridge long, straight, re-

curved proximally; ending in narrow ridge

beyond lateral lobe (Fig. 7A). Lateral lobe

small, semicircular with crenulations on

distal margin. Cephalic surface with trans-

verse crest on distal half and tuberculated

ridge parallel to lateral lobe (Fig. 7A-D).

Apex outline oval in distal view; prominent

cephalic papilla and auxiliary rounded pa-

pilla near spermatic channel. Mesocaudal

projection of spermatic channel terminated

in blunt papilla. Mesial lobe subtriangular

(Fig. 7C-E). Third maxilliped with exog-

nath 0.26-0.30 times length of ischium

(Fig. 7G).

Remarks.—This subspecies is distributed

in the Eastern Cordillera, in the upper

reaches of the Magdalena River, which

drains into the Caribbean Sea.

Hypolobocera buenaventurensis

(Rathbun, 1905)

Pseudothelphusa buenaventurensis Rath-

bun, 1905:307, fig. 98.—Coifmann,
1939:107.—Pretzmann, 1965:10.

Hypolobocera {Hypolobocera) buenaven-

turensis Pretzmann, 1971:17.—Pretz-

mann, 1972:48-49.

Hypolobocera buenaventurensis Rathbun,

1905).—Rodriguez, 1982a: 190.

IHypolobocera buenaventurensis.—Prahl

1985:44.—Prahl 1987:61.—Prahl, 1988:

171-172.

Material.—Colombia. Valle del Cauca

Department, Buenaventura, 2 9, syntypes,

22.1 X 35.7 mm, 21.7 X 33.7 mm, MPB
3075.—Bajo Anchicaya, Anchicaya River,

16 Oct 1983, leg. uk, 1 J, 25.0 X 36.0 mm,
043 ADT-CRBMUV.
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Fig. 7. Hypolobocera bouvieri stenolobata Rodriguez, 1980, male, ICN-MHN-CR 0656: A, left first gono-

pod, caudal view; B, same, lateral view; C, same, cephalic view; D, same, mesial view; E, same, apex, distal

view; F, right side of carapace, dorsal view; G, left third maxilliped, external view; H, right chela, external view.
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Remarks.—This species was described

from only two female syntypes from Bue-

naventura. Rodriguez (1982a), however, es-

tablished that Hypolobocera buenaventu-

rensis resembles H. beieri, based on the

carapace, third maxilliped shape, length of

exognath, and shape of branchial efferent

channel. Prahl (1987) reported a male (25.0

X 36.0 mm), and described the carapace

and first male gonopod. Prahl 's male spec-

imen could not be found at CRBMUV, so

its identity cannot be confirmed.

Hypolobocera cajambrensis Prahl, 1988

Fig. 8A-H

Hypolobocera cajambrensis Prahl, 1988:

177, figs. 7, 8.

Hypolobocera cajambrensis.—Rodriguez,

1992:183.

Material examined.—Colombia. Valle

del Cauca Department. Cajambre River,

700 m ah., 25 Aug 1983, leg. R. Rios, 1 S

holotype, 15.0 X 24.0 mm, 041-0 ADT-
CRBMUV.—Same data, 1 6 paratype,

USNM 210727.—Cajambre River, 9 Aug
1983, 1 S juvenile, 9.3 X 15.2 mm, leg.

uk, 3 ?, 13.5 X 22.3 to 10.5 X 17.3 mm,
CRBMUV 83084.—Cajambre River, 25

Aug 1983, leg. uk, 1 ?, 15.6 X 25.4 mm,
CRBMUV 83085.—Buenaventura, Pogodo

stream, affluent of Cajambre River, 50 m
alt., 29 Apr 1999, leg. E. Florez, 1 6, 13.6

X 23.7 mm, ICN-MHN-CR 1876.

Cauca Department, Timbiqui, Saija Riv-

er, 100 m alt., 2°50'N, 77°30'W, 3 Nov
1971, leg. B. Malkin and A. Granja, 1 S,

24.9 X 47.6 mm, FMNH 3675.

Diagnosis.—Carapace with front ex-

tremely wide, approximately half of cara-

pace width (Fig. 8F). Chelae of male with

irregularly shaped tubercle on external base

of mobile fingers, and swelling on external

base of fixed fingers (Fig. 8H). First male

gonopod with caudal ridge long, fusiform;

ending in narrow ridge beyond lateral lobe

(Fig. 8A). Lateral lobe triangular, and aux-

iliary lobe parallel to lateral lobe on lateral

side (Fig. 8A-C). Apex outline slightly oval

in distal view; caudolateral border trans-

verse and expanded. Mesocaudal projection

of spermatic channel terminating in round-

ed papilla. Mesial lobe projected on ce-

phalic surface as a wide, semicircular lobe

(Fig. 8B-D). Third maxilliped with exog-

nath approximately 0.30 times length of is-

chium (Fig. 8G).

Remarks.—This species can be easily

distinguished from others within the genus

by the presence on the first male gonopod
of an auxiliary lobe parallel to the lateral

lobe.

Hypolobocera chocoensis Rodriguez, 1980

Fig. 9A-I

Hypolobocera Hypolobocera dubia.—
Pretzmann, 1972:48, figs. 224-226, 230-

232, 236, 237.

Hypolobocera chocoensis Rodriguez, 1980:

891.—Rodriguez, 1982a:59, figs. 19, 21,

31.—Prahl, 1988:177, fig. 9.—Rodri-
guez, 1994:300.

Material examined.—Colombia, Choco
Department. Guntas, Tamana River, leg. uk,

S holotype, 18.8 X 31.5 mm, BM
1910.3.4.3-4.—Same data, 1 9 paratype,

18.2 X 26.9 mm, BM 1910.3.4.3-4.—Con-

doto, leg. H. G. F Spurrel, 2 c?, 20.4 X 32.4

mm, 19.9 X 32.2 mm, BM 1913.10.28.1-

3.—Mountains of upper San Juan River,

Choco jungle, nearest village Playa de Oro,

28 Mar 1962, leg. M. Latham, 10 6, 22.8

X 36.7 to 23.8 X 39.7 mm, USNM
240102.—Condoto. 23 Jul 1985, leg. uk, 2

S, 21.0 X 28.0 mm, 18.5 X 27.0 mm, 045-

0, 045-1 ADT-CRBMUV—Lloro, Granja

Codechoco, left margin of Atrato River, 50

m alt., 23 Mar 1988, leg. O. Reyes, 1 J,

16.0 X 27.1 mm, ICN-MHN-CR 0851.—
Pizarro, Bajo Baudo, Torreido stream, 20 m
alt., leg. R. Sanchez. 30 Aug 1990, 2 c^, cl

19.2 X 31.7 mm, 16.5 X 27.9 mm, 1 9,

23.2 X 40.0 mm, ICN-MHN-CR 1201.

Diagnosis.—Chelae of male lacking tu-

bercles on external base of mobile and fixed

fingers (Fig. 91). First male gonopod with

caudal ridge strong, long, straight; ending
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Fig. 8. Hypolobocera cajambrensis Prahl, 1988, male, ICN-MHN-CR 1876: A, left first gonopod, caudal

view; B, same, lateral view; C, same, cephalic view; D, same, mesial view; E, same, apex, distal view; F,

carapace, dorsal view; G, left third maxilliped, external view; H, right chela, external view.
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Fig. 9. Hypolobocera chocoensis Rodriguez, 1980, male, ICN-MHN-CR 1201: A, left first gonopod, caudal

view; B, same, lateral view; C, same, cephalic view; D, same, mesial view; F, same, apex, distal view; G, right

side of carapace, dorsal view; H, left third maxilliped, external view; I, right chela, external view. Male, ICN-

MHN-CR 085 1 : E, left first gonopod, caudal view.
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in narrow ridge beyond lateral lobe (Fig.

9A, C). Lateral lobe triangular, with proxi-

mal margin either rounded, or straight (Fig.

9A, C, E). Apex outline slightly rounded in

distal view, expanded mesocaudally into

rounded projection. Mesocaudal projection

of spermatic channel terminating in semi-

acute papilla. Mesial lobe semicircular (Fig.

9B, F). Third maxilliped with exognath

0.20-0.25 times length of ischium (Fig.

9H).

Remarks.—This species is most similar

to Hypolobocera lloroensis Campos, 1989.

The two can be differentiated by features of

the carapace and first male gonopod. The

anterolateral border of the carapace in H.

lloroensis (Fig. 14F) has a deep depression

behind the external orbital angle, followed

by another deep depression at the level of

the cervical groove. In contrast, H. cho-

coensis has the anterolateral border of the

carapace with a deep depression behind the

external orbital angle, but the border is not

continuous with the margin of the depres-

sion (Fig. 9G). The caudal edge of the apex

of the first male gonopod is transverse in

caudal view in Hypolobocera lloroensis

(Fig. 15A), whereas it is rounded and ex-

panded in H. chocoensis.

Hypolobocera dentata Prahl, 1987

Fig. lOA-G

Hypolobocera dentata 1987:93-95, fig.

lA-E.—Prahl, 1988:180, fig. 12.

Hypolobocera dentata.—Rodriguez, 1992:

183.

Material examined.—Colombia,

Valle del Cauca Department. Bolivar, El

Manzano, near Betania, 1600 m alt., 28 Jan

1984, leg. E. Velasco, S holotype, 15.6 X

24.0 mm, 071 ADT-CRBMUV.—Same
data, 1 $ paratype, 17.0 X 25.7 mm, 072

ADT-CRBMUV.
Diagnosis.—First male gonopod with

caudal ridge long, sinuous, recurved prox-

imally; ending in narrow ridge beyond lat-

eral lobe (Fig. lOA). Lateral lobe subtrian-

gular, with tubercles on distal external mar-

gin, and on cephalic surface (Fig. lOA-D).

Apex outline oval in distal view, expanded

caudocephalically into rounded projection;

laterocephalic border toothed. Mesocaudal

projection of spermatic channel terminated

in rounded papilla. Mesial lobe slightly

semicircular (Fig. lOE). Third maxilliped

with exognath approximately 0.40 times

length of ischium (Fig. lOG).

Remarks.—This species differs from the

others in the genus in having a toothed la-

terocephalic border in the apex of the first

male gonopod.

Hypolobocera emberarum Campos &
Rodriguez, 1995

Fig. IIA-H

Hypolobocera emberarum Campos & Rod-

riguez, 1995:652, Figs. 3, 4.

Material examined.—Colombia. Choco
Department. El Carmen de Atrato, Vereda

El Veinte, 2500 m alt., 30 May 1994, leg.

L D. Velez, <S holotype, 14.2 X 23.8 mm,
ICN-MHN-CR 1358.—Same data, 2 S

paratypes, 13.1 X 22.0 mm, 13.0 X 21.8

mm, 3 $ paratypes, 13.4 X 22.6 to 12.7 X
21.4 mm, ICN-MHN-CR 1359.—Antioquia
Department. Urrao, Valle de Perdidas, 1800

m alt., 3 Sep 1994, leg. P Duque, 3 c?, 14.1

X 23.8 to 10.9 X 18.3 mm, 3 9, 14.0 X
23.5 to 12.7 X 21.4 mm 9 juveniles, ICN-

MHN-CR 1383.

Diagnosis.—Carapace lateral sides con-

spicuously pubescent in larger specimens

(Fig. 1 IF). Chelae of male lacking tubercles

on external base of mobile and fixed fingers

(Fig. IIH). First male gonopod with caudal

ridge long, fusiform; ending in narrow

ridge beyond lateral lobe (Fig. 11A, B).

Lateral lobe prominent, subtriangular,

hatchet shaped, wide proximally, extending

near apex of gonopod and forming deep

notch distally; caudal face excavated, cov-

ered partially with spinules (Fig. IIA-C).

Apex outline oblong in distal view, caudo-

cephalic expanded into elongated projec-

tion. Mesocaudal projection of spermatic

channel terminated in rounded papilla. Me-
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mm
Fig. 10. Hypolobocera dentata Prahl, 1987, male, CRBMUV 84077: A, left first gonopod, caudal view; B,

same, lateral view; C, same, cephalic view; D, same, mesial view; E, apex, distal view; F, right side of carapace,

dorsal view; G, left third maxilliped, external view.

sial lobe subtriangular (Fig. HE). Third

maxilliped with exognath approximately

0.20 times length of ischium (Fig. IIG).

Remarks.—The shape of the lateral lobe

resembles that of Hypolobocera chocoensis

Rodriguez, 1980 (Fig. 9A). However, the

lateral lobe of H. chocoensis does not ex-

tend near the apex, and lacks a distal notch

of the first male gonopod of this species as seen in H. emberarum.
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Fig. 11. Hypolobocera emberarum Campos & Rodriguez, 1995, male holotype, ICN-MHN-CR 1358: A,

left first gonopod, caudal view; B, same, lateral lobe, caudal view; C, same, lateral view; D, same, cephalic

view; E, same, apex, distal view; F, right side of carapace, dorsal view; G, left third maxilliped, external view;

H, left chela, external view.
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Hypolobocera gorgonensis Prahl, 1983

Fig. 12A-H

Hypolobocera gorgonensis Prahl, 1983:

106, fig. 1.—Prahl, 1988:181, fig. 13.

Hypolobocera gorgonensis.—Rodriguez,

1992:183.—Rodriguez et al., 2002:7.

Material examined.—Colombia, Cauca

Department, Gorgona Island. Marranera

stream, 22 May 1979, leg. uk, S holotype,

49.3 X 73.4 mm, 013 ADT-CRBMUV.—El
Yucal, La Esperanza, leg. uk, 1 9, 53.2 X

80.0 mm, 012 ADT-CRBMUV.— 20 May
1979, leg. uk, 3 $, 50.3 X 82.1 to 31.7 X

49.5 mm, CRBMUV 79055.—El Azufral,

12 Nov 1982, leg. uk, 1 ?, 55.6 X 89.2

mm, CRBMUV 82055 (027 ADT-
CRBMUV).— 3 Nov 1989, leg. H. von

Prahl, 1 (5, 44.0 X 72.5 mm, CRBMUV
89023.—26 Aug 1984, leg. uk, 1 ?, 8.3 X

13.1 mm, CRBMUV 84072.—26 Aug
1984, leg. uk, 1 ?, carapace broken,

CRBMUV 84073.—22 Aug 1980, leg. H.

von Prahl, 1 d, 50.6 X 83.3 mm, TU
6303.—Pacific, 1 Feb 1962, leg. F Medem,
2 S, 50.2 X 81.2 mm, 43.2 X 69.9 mm, 1

9, cl 47.2 mm, cb 76.4 mm, FMNH
3687.-29 Apr 1985, leg. J. M. Rengifo, 3

6, 47.9 X 79.1 to 43.9 X 71.2 mm, ICN-

MHN-CR 0612.

Diagnosis.—Chelae of male with small

tubercle on external base of mobile fingers,

and swelling on external base of fixed fin-

gers (Fig. 12H). First male gonopod with

caudal ridge strong, straight; ending in nar-

row ridge distally. Mesial margin with rows

of conspicuous setae (Fig. 12A). Lateral

lobe triangular, increasing in width distally;

distal external margin rounded (Fig. 12A,

C). Apex outline elongated along mesola-

teral axis in distal view; caudocephalic bor-

der rounded. Mesocaudal projection of

spermatic channel terminating in rounded

papilla. Mesial lobe elongated and subtrian-

gular (Fig. 12E). Third maxilliped with ex-

ognath approximately 0.35 times length of

ischium (Fig. 12G).

Remarks.—This species is considered en-

demic to Gorgona, an island with a surface

of 2400 ha.

Hypolobocera kamsarum Campos &
Rodriguez, 1995

Fig. 13A-H

Hypolobocera kamsarum Campos & Rod-

riguez, 1995:649, Figs. 1, 2.

Material examined.—Colombia. Putu-

mayo Department, Mocoa, Vereda Alto

Campucana, 1350 m alt., 2 Jun 1994, leg.

O. V. Castano, S holotype, 14.0 X 23.7

mm, ICN-MHN-CR 1349.—Same data, 1

S paratype, 13.4 X 21.8 mm, 1 $ paratype,

14.6 X 24.8 mm, 2 juveniles, ICN-MHN-
CR 1350.

Diagnosis.—Chelae of male lacking tu-

bercles on external base of mobile and fixed

fingers (Fig. 13H). First male gonopod with

caudal ridge long, concave; almost reaching

apex (Fig. 13A). Lateral lobe small, trans-

verse, displaced towards cephalic side,

evenly rounded in lateral view, placed far

from apex (Fig. 13A-D). Apex outline oval

in distal view, with rounded expansion di-

rected distally. Mesocaudal projection of

spermatic channel terminating in rounded

papilla. Mesial border projected proximally,

forming strong triangular mesial lobe (Fig.

13C, E). Third maxilliped with exognath

relatively long, approximately 0.60 times

length of ischium (Fig. 13G).

Remarks.—This species differs from the

others in the genus in having the mesial

border projected proximally, forming a

strong triangular mesial lobe (Fig. 13C, E).

Hypolobocera lloroensis Campos, 1989

Fig. 14A-G

Hypolobocera lloroensis Campos, 1989:

143, fig. 1.

Hypolobocera lloroensis.—Rodrfguez,

1992:183.—Rodriguez et al., 2002:7.

Hypolobocera chocoensis.—Prahl, 1988:

177, 179.

Material examined.—Colombia, Choco
Department. Lloro, Vereda Pefialosa, Gran-
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Fig. 12. Hypolobocera gorgonensis Prahl 1983, male, ICN-MHN-CR 0612: A, left first gonopod, caudal

view; B, same, lateral view; C, same, cephalic view; D, same, mesial view; E, same, apex, distal view; F, right

side of carapace, dorsal view; G, left third maxilliped, external view; H, left chela, external view.



VOLUME 116, NUMBER 3 781

Fig. 13. Hypolobocera kamsarum Campos & Rodriguez, 1995, male holotype, ICN-MHN-CR 1349: A, left

first gonopod, caudal view; B, same, lateral view; C, same, cephalic view; D, same, mesial view; E, same, apex,

distal view; F, right side of carapace, dorsal view; G, left third maxilliped, external view; H, right chela, external

view.
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uCPinz-i'^

Fig. 14. Hypolobocera lloroensis Campos 1989, male, ICN-MHN-CR 1386: A, left first gonopod, caudal

view; B, same, lateral view; C, same, cephalic view; D, same, mesial view; E, same, apex, distal view; F, right

side of carapace, dorsal view; G, left third maxilliped, external view.
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ja Experimental CEMA, Universidad de

Choco, La Lana, 50 m alt., 22 Mar 1988,

leg. M. C. Ardila, M holotype, 17.8 X 30.3

mm, 1 S paratype, 11.0 X 17.5 mm, ICN-

MHN-CR 0850.—Condoto, 23 Jul 1985,

leg. H. von Prahl, 1 (5, 18.1 X 28.0 mm, 1

$, 14.7 X 23.1 mm, CRBMUV 85132

(045-0, 045-1 ADT-CRBMUV).—Condo-
to, Inspeccion Santa Rita de Iro, Iro River,

14 Jun 1987, leg. H. Almendiger, 1 c?, 23.6

X 40.6 mm, CRBMUV 87016.—Istmina,
San Juan River, 8 Aug 1969, leg. Dale Lit-

tle, 1 d, cl 24.4 X 40.0 mm, 2 ?, 26.3 X

43.9 mm, 13.8 X 21.8 mm, TU 6193.—
Tutunendo, km 29 Quibdo-Carmen de Atra-

to Highway, 170 m alt., 25 Aug 1987, leg.

R. Sanchez, 1 c?, 11.7 X 19.2 mm, 1 9,

11.2 X 17.9 mm, 1 juvenile, ICN-MHN-CR
0783.—Tado, km 20.6 Santa Cecilia-Quib-

do, 100 m alt., 10 Abr 1991, leg. G. Susa-

tama, 4 ?, 17.5 X 31.3 to 14.0 X 24.0 mm,
1 juvenile, ICN-MHN-CR 1262.—Tutunen-
do, La Barbuda stream, 100 m alt., 17 Oct

1987, leg. C. Roman, 2 9, 21.9 X 37.2 mm,
20.4 X 34.5 mm, ICN-MHN-CR 1263.—
Antioquia Department, Urrao, Andabil

stream, 1800 m alt., 23 Sep 1994, leg. I. D.

Velez, 5 S. 23.5 X 40.3 to 16.5 X 21.9

mm, 6 ?, 25.1 X 42.1 to 17.4 X 29.0 mm,
ICN-MHN-CR 1386.

Diagnosis.—Anterolateral margin of car-

apace with deep depression behind external

orbital angle, followed by another deep de-

pression at cervical groove level. First male

gonopod with caudal ridge long, straight,

recurved proximally; ending in narrow

ridge distally (Fig. 14A). Lateral lobe sub-

triangular, wide proximally, narrow distally

(Fig. 14A, C). Apex outline oval in distal

view, mesocephalic border transversely ex-

panded; prominent cephalic papilla. Meso-

caudal projection of spermatic channel ter-

minating in semiacute papilla. Mesial lobe

semicircular, with acute spine directed lat-

erally (Fig. 14C, E). Third maxilliped with

exognath approximately 0.20 times length

of ischium (Fig. 14G).

Remarks.—Prahl's (1988) report of two

males of Hypolobocera chocoensis from

Condoto, Choco (045-0, 045-1 ADT-
CRBMUV), actually are of H. lloroensis.

Contrary to Prahl's report, the lot does not

contain two males, but one male (18.1 X
28.0) and one female (14.7 X 23.1 mm).

Hypolobocera malaguena Prahl, 1988

Fig. 15A-G

Hypolobocera malaguena Prahl, 1988:180,

fig. 10, 11.

Hypolobocera malaguena.—Rodriguez,

1992:183.—Rodriguez, 1994:300.

Material.—Colombia. Valle del Cauca

Department, Malaga Bay, La Alegrfa

stream, 23 Dec 1985, leg. N. Ospina, S ho-

lotype, 24.6 X 40.7 mm, 0750 ADT-
CRBMUV.

Diagnosis.—Anterolateral margin of car-

apace with depression fringed with approx-

imately 8 papillae, behind external orbital

angle, followed by shallow depression at

level of cervical groove (Fig. 15F). First

male gonopod with caudal ridge long, sin-

uous; almost reaching apex (Fig. 15A). Lat-

eral lobe subtriangular with distal border

rounded. Lateral lobe oblique in relation to

axis of appendage (Fig. 15B). Apex outline

oval in distal view, mesocephalic border

transversely expanded; prominent cephalic

papilla. Mesocaudal projection of spermatic

channel terminating in blunt papilla. Mesial

lobe semicircular, with acute spine directed

laterally (Fig. 15E). Third maxilliped with

exognath approximately 0.25 times length

of ischium (Fig. 15G).

Remarks.—The specific name malague-

na was given by (Prahl 1988) to this spe-

cies. However, the Code does not allow the

use of the "fi" in a latinized scientific name

and requires correction to H. malaguena.

This species closely resembles H. lloroensis

in the shape of the first male gonopod (Fig.

14A), but the lateral lobe is oblique in re-

lation to the axis of the appendage in H.

malaguena (Fig. 15B), while it is parallel

in H. lloroensis (Fig. 14B).
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Fig. 15. Hypolobocera malaguena Prahl 1988, male, CRBMUV 85133: A, left first gonopod, caudal view;

B, same, lateral view; C, same, cephalic view; D, same, mesial view; E, same, apex, distal view; F, right side

of carapace, dorsal view; G, left third maxilliped, external view.
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Hypolobocera martelathani

(Pretzmann, 1965)

Fig. 16A-I

Strengeria Strengeria martelathani Pretz-

mann, 1965:6.

Hypolobocera {Hypolobocera) martela-

thami.—Pretzmann, 1971:17.—Pretz-

mann, 1972:50, figs. 159-161, 242-244.

Hypolobocera matelathami.—Rodriguez,

1982a:52.—Campos & Rodriguez, 1984:

538, fig. 4c, f.—Rodriguez, 1994:300,

fig. ID-F.

Hypolobocera merenbergiensis Prahl &
Giraldo, 1985:2, fig. 1.

Hypolobocera merenbergiensis.—Rodri-

guez, 1992:183.—Rodriguez et al.,

2002:7.

Material examined.—Colombia, Huila

Department. San Agustin, De Quintero

stream, near Yalconia Hotel, 1500 m alt.,

27 Aug 1986, 10 S, 16.2 X 27.1 to 11.6 X

13.9 mm, 12 9, 16.6 X 28.1 to 11.7 X 18.5

mm, ICN-MHN-CR 0653.—San Jose de Is-

nos, Vereda Primavera, 1600 m alt., 27 Aug
1986, 5 S, 18.8 X 32.2 to 13.2 X 20.0 mm,
10 ?, 17.5 X 29.0 to 11.0 X 17.1 mm,
ICN-MHN-CR 654.—San Agustin, Inspec-

cion Obando, 1400 m alt., 28 Aug 1986, 5

6, 14.1 X 23.3 to 12.3 X 19.8 mm, 6 ?,

16.0 X 25.5 to 11.2 X 17.2 mm, ICN-

MHN-CR 0655.—Acevedo, Inspeccion San

Adolfo, Vereda Changuayaco, 1300 m alt.,

29 Aug 1986, 13 6, 14.8 X 24.8 to 12.4 X

19.7 mm, 10 9, 15.8 X 27.2 to 10.7 X 17.7

mm, ICN-MHN-CR 0660.—La Plata, Mer-

enberg stream, 2300 m alt., 9 Apr 1982, leg.

H. von Prahl and J. Giraldo, M holotype,

13.1 X 20.1 mm. No. 42 (lote 006 ADT)
MBMUV.—Same data, 1 6 paratype. No.

43 (lote 006 ADT) MBMUV.—Same data,

1 9 paratype, 14.2 X 22.5 mm, ICN-MHN-
CR 0541.—Same data, 3 9, 14.0 X 23.4 to

11.5 X 18.2 mm, CRBMUV 82051.—Same
data, 2 d, cl 12.3 X 18.8 mm, 10.5 X 16.5

mm, TU 6369.—Cauca, Inza, Vereda Tier-

ras Blancas, 2200 m alt., 25 Mar 1982, leg.

R. Restrepo, 4 c^, 14.1 X 22.9 to 12.9 X

20.2 mm, 3 9, 18.1 X 29.0 to 14.1 X 22.4

mm, ICN-MHN-CR 0087.

Diagnosis.—Chelae of male lacking tu-

bercles on external base of mobile and fixed

fingers (Fig. 161). First male gonopod with

caudal fusiform; ending in narrow ridge

distally (Fig. 16A). Lateral lobe large,

reaching middle of gonopod, wide distally,

narrow proximally; covered with minute

spinules and scattered short setae in caudal

view (Fig. 16A, B, D, E); slightly semicir-

cular in cephalic view (Fig. 16C). Apex
outline oblong in distal view, with caudo-

cephalic border slightly rounded. Mesocau-

dal projection of spermatic channel termi-

nating in wide papilla. Mesial lobe elon-

gated and subtriangular (Fig. 16D, F). Third

maxilliped with exognath approximately

0.50 times length of ischium (Fig. 16H).

Remarks.—The morphology of the first

male gonopods of Hypolobocera martela-

thani and H. merenbergiensis Prahl & Gir-

aldo, 1985 are identical, and both species

are found in the Central Cordillera, in the

upper reaches of the Magdalena River.

Thus, H. merenbergiensis is considered a

junior synonym of H. martelathani. The

original spelling of the species name is

martelathani (Pretzmann, 1965), although

Pretzmann (1971, 1972) later used the

spelling martelathami.

Hypolobocera meineli Prahl, 1988

Fig. 17A-I

Hypolobocera meineli Prahl, 1988:173,

figs. 3, 4.

Hypolobocera meineli.—Rodriguez, 1992:

183.

Material examined.—Colombia. Valle

del Cauca Department, Naya River, 15 Feb

1984, leg. R. Rios, 2 J, 043-00 ADT-
CRBMUV. Narino Department, Ricaurte, 3

km to Pasto, Apr 1982, leg. L. Gomez, 1

c^, 27.5 X 44.6 mm, CRBMUV 82058.—

Ricaurte, 22 May 1984, leg. L. Gomez, 1

6 paratype, 043-1 ADT-CRBMUV. Cauca

Department, Naya River, Feb 1984, leg. uk,

2 d, 39.8 X 63.3 mm, 38.6 X 63.1 mm.
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Fig. 16. Hypolobocera martelathani (Pretzmann, 1965), male holotype, No. Cat. 82051, CRBMUV: A, left

first gonopod, caudal view; B, same, lateral view; C, same, cephalic view; D, same, mesial view; E, same, lateral

lobe, caudolateral view; F, same, apex, distal view; G, right side of carapace, dorsal view; H, left third maxilliped,

external view; I, right chela, external view.
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Fig. 17. Hypolobocera meineli Prahl 1988, male, CRBMUV 84075: A, left first gonopod, caudal view; C,

same, lateral view; D, same, cephalic view; E, same, apex, distal view; G, right side of carapace, dorsal view;

H, left third maxilHped, external view; I, right chela, external view. Male, ICN-MHN-CR 1866: B, left first

gonopod, caudal view; F, apex, distal view.
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CRBMUV 84075.—Guapi, Guapi River, El

Naranjo, 50 m alt., 20 Sep 2000, leg. E.

Guerra, 1 c^, 29.8 X 46.9 mm, ICN-MHN-
CR 1866.

Diagnosis.—Chelae of male lacking tu-

bercles on external base of mobile and fixed

fingers (Fig. 171). First male gonopod with

caudal ridge long, either fusiform thickened

at proximal half or prominent and wide;

ending in narrow ridge beyond lateral lobe.

Mesial margin with or without rows of con-

spicuous setae (Fig. 17A, B). Lateral lobe

small, slightly rounded, with or without

slightly middle notch (Fig. 17A, B). Apex
outline oval in distal view; expanded into a

triangular projection cephalically. Mesocau-

dal projection of spermatic channel termi-

nating in wide papilla. Mesial lobe reduced

as strong fold along margin (Fig. 17E, F).

Third maxilliped with exognath approxi-

mately 0.40 times length of ischium (Fig.

17H).

Remarks.—Prahl (1988) designated as

holotype a male (043-00 ADT-CRBMUV)
from Naya River, and as paratype a male

(043-1 ADT-CRBMUV) from Ricaurte,

without indicating their sizes. He only pro-

vided the measurements of the largest male

(43.2 X 60.3 mm). In a recent examination

of Prahl's material at the CRBMUV the la-

bels with the catalogue numbers corre-

sponding to the type material could not be

found. Only two males from Naya River

(CRBMUV 84075) were located, but with

sizes that do not match those indicated by

Prahl (1988).

Hypolobocera murindensiSy new species

Figs. 18A-D, 19A-F

Holotype.—Colombia, Antioquia Depart-

ment, Murindo, 25 m alt., 23 Sep 1994, leg.

I. D. Velez, c?, 11.9 X 21.4 mm, ICN-
MHN-CR 1388.

Paratypes.—Same locality data as holo-

type: 2 S, 11.8 X 21.3 mm, 10.5 X 18.8

mm, 1 ?, 9.5 X 16.5 mm, 5 juveniles, ICN-
MHN-CR 1389.

Diagnosis.—Chelae of male lacking tu-

bercles on external base of mobile and fixed

fingers (Fig. 18A). First male gonopod with

caudal ridge long, fusiform; almost reach-

ing apex (Fig. 19A, E). Lateral lobe prom-

inent, subquadrate, external margin smooth

(Fig. 19A, C, E). Apex outline oval in distal

view; caudolateral expanded into rounded

projection; cephalic border with row of spi-

nules; prominent cephalic papilla. Meso-
caudal projection of spermatic channel ter-

minating in semiacute papilla. Mesial lobe

slightly semicircular (Fig. 19C-F). Third

maxilliped with exognath approximately

0.20 times length of ischium (Fig. 18C).

Description.—Carapace (Fig. 18A, B)

with cervical groove straight, shallow, end-

ing some distance from lateral margin. An-
terolateral margin with shallow depression

behind external orbital angle. Lateral mar-

gin with approximately 10 irregular tuber-

cles. Postfrontal lobes small, rounded; de-

limited anteriorly by 2 depressions. Median
groove shallow. Surface of carapace in

front of postfrontal lobes regularly inclined

anteriorly. Front low, upper border well de-

marcated with row of coalescent papillae;

lower margin visible in dorsal view, sinu-

ous in frontal view. Dorsal surface of car-

apace smooth, covered by small papillae,

regions distinctly demarcated (Fig. 18A, B).

Third maxilliped with rounded angle on

distal half of external margin of merus; ex-

ognath approximately 0.20 times length of

ischium (Fig. 18B, C). Orifice of efferent

branchial channel irregularly ovate (Fig.

18D). First pereiopods heterochelous (Fig.

18A), right chela larger than left. Merus

with 3 longitudinal crests as follows: upper

crest with rows of tubercles, internal lower

crest with rows of teeth, and external lower

crest with row of tubercles. Carpus with 3

tubercles on internal crest, and blunt distal

spine. Palms of both chelae smooth, and

moderately swollen, fingers of larger chela

slightly gaping when closed, finger tips

crossing and surface of palms and fingers

with rows of minute dark tubercles, (Fig.

18A). Walking legs (pereiopods 2-5) (Fig.
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Imm

Fig. 18. Hypolobocera murindensis, new species, male holotype, ICN-MHN-CR 1388: A, carapace and

pereiopods, dorsal view; B, carapace, frontal view; C, left third maxilliped, external view; D, opening of left

efferent branchial channel, external view.

18A) with dactyli elongated, 5 longitudinal

rows, and 4 to 6 spines on each row.

First male gonopod with caudal ridge

long, fusiform; almost reaching apex (Fig.

19A, E). Lateral lobe prominent, subquad-

rate, external margin smooth (Fig. 19A, C,

E). Apex outline oval in distal view, cau-

dolateral expanded into rounded projection;

cephalic border with row of spinules; prom-

inent cephalic papilla. Mesocaudal projec-

tion of spermatic channel terminating in

semiacute papilla. Mesial lobe slightly

semicircular and projected on the caudal

surface (Fig. 19A, C-F).

Color.—In alcohol, dorsal surface of the

carapace light brown (near 136, Raw Si-
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Fig. 19. Hypolobocera murindensis, new species, male holotype, ICN-MHN-CR 1388: A, left first gonopod,

caudal view; B, same, lateral view; C, same, cephalic view; D, same, mesial view; E, same, lateral lobe, caudal

view; F, same, apex, distal view.

enna) with dark brown (near Raw Umber,

223) speck on postfrontal portion of cara-

pace. Walking legs and chelae brown (near

True Cinnamon, 139) dorsally, and light

brown (near Sayal Brown, 223C) ventrally.

Ventral surface of the carapace brown (Ve-

rona Brown, 223B).

Etymology.—The specific name refers to

Murindo, where the specimens were col-

lected.

Remarks.—This species belongs to group

6, and is most similar to Hypolobocera an-

dagoensis. The two can be distinguished by

differences in the third maxilliped, and in

the first male gonopod. In the new species

the merus of the third maxilliped has a

rounded angle, whereas in H. andagoensis

it is sharp (Fig. 2F). The lateral lobe of the

gonopod in H. murindensis is thick, and

subquadrate, with the external margin

rounded, slightly convex in lateral view,

and with a narrow constriction below the
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lateral lobe. In contrast, H. andagoensis has

the lateral lobe thin, narrower distally than

proximally, with a faintly crenulated exter-

nal margin, and a wide constriction below

the lateral lobe (Fig. 2A, B). The mesial

lobe is projected as a rounded lobe on the

caudal surface, slightly semicircular in dis-

tal view in H. murindensis, whereas, in H.

andagoensis it is subtriangular, and not pro-

jected on the caudal surface (Fig. 2D).

Hypolobocera mutisi Prahl, 1988

Fig. 20A-G

Hypolobocera mutisi Prahl, 1988:175, figs.

5, 6.

Hypolobocera mutisi.—Rodriguez, 1992:

183.

Material examined.—Colombia, Valle

del Cauca Department. Cajambre River,

500 m alt., 16 Jul 1983, leg. R. Rios, M
holotype, 042-0 ADT-CRBMUV.—Same
data, 1 6 paratype (USNM 210728).—El
Pinuelal, Cajambre River, 16 Aug 1983,

leg. R.R., 1 (?, 23.3 X 38.6 mm, CRBMUV
83086.

Diagnosis.—Chelae of male with small

tubercle on external base of mobile fingers,

and swelling on external base of fixed fin-

gers (Fig. 20G). First male gonopod with

caudal ridge long, straight; ending in nar-

row ridge beyond lateral lobe (Fig. 20A).

Lateral lobe outline irregular, slightly trap-

ezoidal; projected into narrow expansion

distally (Fig. 20A, C). Apex outline elon-

gated in distal view, caudolaterally expand-

ed into rounded projection; prominent,

acute cephalic papilla. Mesocaudal projec-

tion of spermatic channel terminating in

rounded papilla. Mesial lobe elongated,

subtriangular (Fig. 20C, D). Third maxilli-

ped with exognath approximately 0.30

times length of ischium (Fig. 20F).

Remarks.—An exhaustive search of the

CRBMUV collections failed to produce the

holotype of this species. Only the male

specimen from El Pinuelal, Cajambre River

(CRBMUV 83086) was found, and is illus-

trated herein.

Hypolobocera noanamensis Rodriguez,

Campos & Lopez, 2002

Fig. 21A-H

Hypolobocera noanamensis Rodriguez,

Campos & Lopez, 2002:4-6, fig. lA-H.

Material examined.—Colombia, Choco
Department, Noanama, San Juan River, 50

m alt., 4°42'N, 26°56'W, 8 Aug 1969, leg.

Dale Litde, S holotype, 50.9 X 80.3 mm,
TU 6191.—Same data, 1 ? paratype, 53.9

X 80.3 mm, TU 5337.

Diagnosis.—Chelae of male without tu-

bercle on external base of mobile fingers,

with a swelling on external base of fixed

fingers (Fig. 21H). First male gonopod with

caudal ridge strong, fusiform; ending in

narrow ridge beyond lateral lobe (Fig.

21 A). Lateral lobe small, subtriangular, dis-

tal angle rounded, placed transversely in re-

lation to axis of appendage; cephalic sur-

face with tuberculated crest (Fig. 21A-C).

Apex outline oval in distal view, mesoce-

phalic border rounded expanded; flat papilla

on caudolateral border. Mesocaudal projec-

tion of spermatic channel terminating in

rounded papilla with spiny ridge on ce-

phalic side. Mesial lobe subtriangular (Fig.

2 IE). Third maxilliped with exognath 0.30

times length of ischium (Fig. 21G).

Remarks.—This species closely resem-

bles Hypolobocera beieri in the shape of

the lateral lobe, and the outline of the apex

of the first male gonopod. The species can

be differenciated from each other by the

spiny ridge on the cephalic side of the me-

socaudal projection in H. noanamensis,

which is lacking in H. beieri.

Hypolobocera rotundilobata

Rodriguez, 1994

Fig. 22A-H

Hypolobocera bouvieri rotundilobata Rod-

riguez, 1994:297, fig. 2.

Hypolobocera bouvieri rotundilobata.—
Rodriguez et al., 2002:6.

Material examined.—Colombia. Choco

Department, Mountains of upper San Juan
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Fig. 20. Hypolobocera mutisi Prahl 1988, male, CRBMUV 83086: A, left first gonopod, caudal view; B,

same, lateral view; C, same, cephalic view; D, same, apex, distal view; E, right side of carapace, dorsal view;

F, left third maxilliped, external view; G, left chela, external view.
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Fig. 21. Hypolobocera noanamensis Rodriguez, Campos & Lopez, 2002, male holotype, TU 6191: A. left

first gonopod, caudal view; B, same, lateral view; C, same, laterocephalic view; D, same, cephalic view; E,

same, apex, distal view; F, right side of carapace, dorsal view; G, left third maxilliped, external view; H. right

chela, external view.
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mm

Fig. 22. Hypolobocera rotundilobata Rodriguez, 1994, male holotype, USNM 240104: A, left first gonopod,

caudal view; B, same, lateral view; C, same, cephalic view; D, same, mesial view; E, same, apex, distal view;

F, right side of carapace, dorsal view; G, left third maxilliped, external view; H, left chela, external view.

River, nearest village Playa de Oro, 28 Mar
1962, leg. M. Latham, S holotype, 46.2 X

68.4 mm, USNM 240103.—Same data, 5

S paratypes, 15.4 X 26.3 to 12.1 X 22.6

mm, 1 9, 18.0 X 31.6 mm, USNM

240104.—Borderline between Choco and

Valle del Cauca Departments, Paso de Ga-

lapagos, 15 May 1985, leg. M. Alberico, 2

S, 13.3 X 23.3 mm, 12.4 X 21.1 mm, 6 9,

13.1 X 22.6 to 10.2 X 17.2 mm, CRBMUV
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85147.—Choco Department, San Jose del

Palmar, Ingara River, 2000 m alt., 22 Oct

2000, leg. E. Guerra, 1 d, 13.1 X 22.8 mm,
1 9, 13.3 X 22.9 mm, ICN-MHN-CR 1867,

1868.

Diagnosis.—Chelae of male lacking tu-

bercles on external base of mobile and fixed

fingers (Fig. 22H). First male gonopod with

caudal ridge long, straight; ending in nar-

row ridge distally (Fig. 22A). Lateral lobe

slightly semicircular (Fig. 22A, C). Apex
outline subtriangular in distal view; lateral

border straight; rounded cephalic papilla.

Mesocaudal projection of spermatic chan-

nel terminating in semiacute papilla. Mesial

lobe subtriangular and projected mesially

(Fig. 22A, C, E). Third maxilliped with ex-

ognath 0.30-0.40 times length of ischium

(Fig. 22G).

Remarks.—Rodriguez (1994) described

this taxon as Hypolobocera bouvieri rotun-

dilobata. The subspecies of H. bouvieri are

characterized by the male chelae, featuring

a small, rounded or irregularly shaped tu-

bercle on the external base on each of the

the mobile fingers, and a swelling or prom-

inent tubercle on external base on each of

the fixed fingers. The apex outline of the

first male gonopod is oval, with prominent

cephalic papilla, and an auxiliary rounded

papilla near the spermatic channel. How-
ever, in H. rotundilobata the male chelae

lack tubercles on the external base of the

mobile and fixed fingers. The apex outline

is subtriangular, and without an auxiliary

papilla. In view of this, H. b. rotundilobata

is elevated to specific rank.

Hypolobocera steindachneri

Pretzmann, 1968

Hypolobocera {Hypolobocera) monticola

steindachneri Pretzmann, 1968:9.

—

Pretzmann, 1971:17.—Pretzmann, 1972:

46, figs. 204, 205, 227-229.

Hypolobocera steindachneri.—Rodriguez,

1982a:58.

Material examined.—Colombia, Valle

del Cauca Department. 1897, leg. Stein-

dachneri, S holotype, cl 27.7 mm, 1 S
paratype, cl 20.6 mm (Museum Wien Nr.

3779).—Bitaco, 1957, leg. M. Latham, 2 6,

cl 18.0, 15.3 mm, 2 $, cl 21.0, 15.6 mm,
USNM.

Remarks.—I have been unable to exam-

ine any material of this species. Pretzmann

(1968:9) in his original description of Hy-

polobocera {Hypolobocera) monticola

steindachneri described as features "the

first male gonopod is slender; the lateral

lobe is smaller, the external margin is fold-

ed back strongly, and it is placed far from

apex. The exognath of third maxilliped is

0.12 the length of ischium". Pretzmann

(1972) described again, including illustra-

tions, the morphological features of H. (//.)

m. steindachneri, partially contradicting his

previous description (Pretzmann, 1968). He
stated that "the lateral lobe is placed not far

from apex" and that "the exognath of third

maxilliped is shorter, only 0.17 the length

of ischium".

Hypolobocera velezi, new species

Fig. 23A-H

Holotype.—Colombia. Choco Depart-

ment, Carmen de Atrato, Vereda El Veinte,

2400 m alt., 25 May 1994, leg. I. D. Velez,

1 (5, 16.1 X 29.2 mm, ICN-MHN-CR 1387.

Paratypes.—Same locality data as holo-

type: 1 9, 16.6 X 28.2 mm, 1 ovigerous $,

15.3 X 27.4 mm, ICN-MHN-CR 1889.

Non-paratypes.—Colombia. Risaralda

Department, Pueblo Rico, Corregimiento

Santa Cecilia, Vereda La Granja, 600 m alt.,

23 Oct 1991, 1 6, 15.5 X 25.4 mm, 1 9,

16.5 X 27.1 mm, ICN-MHN-CR 1307.—
Choco Department, Carmen de Atrato, km
53 Carmen de Atrato-Quibdo Highway, 420

m alt., 27 Aug 1987, leg. R. Sanchez, 2 ?,

13.0 X 21.3 mm, 11.9 X 19.6 mm, ICN-

MHN-CR 0784.

Diagnosis.—Chelae of male lacking tu-

bercles on external base of mobile and fixed

fingers (Fig. 23H). First male gonopod with

caudal ridge strong, straight, narrow distal-

ly; ending some distance from apex (Fig.
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Fig. 23. Hypolobocera velezi, new species, male holotype, ICN-MHN-CR 1387: A, left first gonopod, caudal

view; B, same, lateral view; C, same, cephalic view; D, same, mesial view; E, same, apex, distal view; F, right

side of carapace, dorsal view; G, left third maxilliped, external view; H, right chela, external view.

23A). Lateral lobe subtriangular; proximal

external margin angled and curved upward

(Fig. 23A, C). Apex outline slightly round-

ed in distal view, mesocaudally expanded

into rounded projection; rounded papilla

near cephalic border. Mesocaudal projec-

tion of spermatic channel terminating in

semiacute papilla. Mesial lobe subtriangular
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(Fig. 23C, E). Third maxilliped with ex-

ognath approximately 0.20 times length of

ischium (Fig. 23G).

Description.—Carapace (Fig. 23F) with

cervical groove deep, straight, recurved

posteriorly, ending some distance from lat-

eral margin. Anterolateral margin with shal-

low depression behind external orbital an-

gle, anterolateral border not continuous

with margin of depression, but runing dor-

sally to it, forming rounded lobe. Lateral

margin with approximately 12 blunt teeth.

Postfrontal lobes oval, low; delimited an-

teriorly by 2 transverse depressions. Medi-

an groove wide, shallow. Surface of cara-

pace in front of postfrontal lobes regularly

inclined anteriorly. Front lacking distinct

upper border, regularly curving downward;

slightly bilobed in dorsal view; lower mar-

gin slightly sinuous in frontal view. Dorsal

surface of carapace smooth, covered by

small papillae, regions distinctly demarcat-

ed (Fig. 23F). Third maxilliped with sharp

angle on distal half of external margin of

merus; exognath approximately 0.20 times

length of ischium (Fig. 23G). Orifice of ef-

ferent branchial channel slightly ovate. First

pereiopods heterochelous, right chela larger

than left. Merus with 3 longitudinal crests

as follows: upper crest with rows of tuber-

cles, internal lower crest with rows of teeth,

and external lower crest with row of tuber-

cles. Carpus with 3 tubercles on internal

crest, and blunt spine distally. Palm of male

chelae swollen, fingers gaping when closed.

Walking legs (pereiopods 2-5) with 5 lon-

gitudinal rows, and 4 to 6 spines on each

row.

First male gonopod with caudal ridge

strong, straight, narrow distally; ending at

some distance from apex (Fig. 23A). Lat-

eral lobe subtriangular; proximal external

margin angled and curved upward (Fig.

23A, C). Apex outline slightly rounded in

distal view, mesocaudally expanded into

rounded projection; rounded papilla near

cephalic border. Mesocaudal projection of

spermatic channel terminated in semiacute

papilla. Mesial lobe subtriangular (Fig.

23C, E).

Color.—In alcohol, dorsal surface of the

carapace brown (near 37, Antique Brown)
with light brown (near Cinnamon, 39)

speck on posterior portion of carapace.

Walking legs and chelae brown (near 37,

Antique Brown) dorsally, and light brown
(near Sayal Brown, 223C) ventrally. Ventral

surface of the carapace light brown (near

Cinnamon, 39).

Etymology.—The species is named in

honor of Colombian scientist Dr. Ivan Dario

Velez, professor of the Universidad de An-
tioquia, who promotes research in Paragon-

imosis and other tropical diseases, and who
collected the specimens.

Remarks.—This species belongs to group

4, and is most similar to Hypolobocera llo-

roensis. The two can be differentiated by

feature of the first male gonopod. The prox-

imal external margin of the lateral lobe in

H. velezi is angled, and curved upward

(Fig. 23A, C), whereas that margin is

rounded, and not caudally curved in H. llo-

roensis (Fig. 14A).

Key to Species and Subspecies of

Hypolobocera from Colombia

1. Outline of apex of gonopod in distal

view oval, rounded or subtriangular 2

- Outline of apex of gonopod in distal

view elongated 16

2. Lateral lobe rounded or subtriangular 9

- Lateral lobe regularly rounded 3

3. Lateral lobe with strong triangular pro-

cess H. alata

- Lateral lobe without strong triangular

process 4

4. Latero-cephalic border of apex toothed

H. dentata

- Latero-cephalic border of apex not

toothed 5

5. Lateral lobe displaced towards cephalic

side (Fig. 13B-D) H. kamsarum
- Lateral lobe not displaced towards ce-

phalic side 6

6. Mesial lobe well developed, subtrian-

gular or semicircular 7
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- Mesial lobe reduced as strong fold

along margin H. meineli

1 . Lateral border of apex straight in distal

view (Fig. 22E) H. rotundilobata

- Lateral border of apex rounded in distal

view (Figs. 3E, 4E, 6E) 8

8. With auxiliary papilla near spermatic

channel 19

- Without auxiliary papilla near spermat-

ic channel 9

9. Mesocaudal projection with spiny ridge

on cephalic side H. noanamensis

- Mesocaudal projection without spiny

ridge on cephalic side H. beieri

10. Lateral lobe rounded or subtriangular 11

- Lateral lobe subquadrate 13

1 1

.

Proximo-external margin of lateral lobe

rounded 12

- Proximo-external margin of lateral lobe

angled and curved upwards .... H. velezi

12. An auxiliary lobe parallel to lateral lobe

on lateral side H. cajambrensis

- No auxiliary lobe on lateral side .... 13

13. External margin of lateral lobe faintly

crenulated H. andagoensis

- External margin of lateral lobe not

crenulated H. murindensis

14. Distal border of lateral lobe rounded

(Fig. 15A, C) H. malaguena
- Distal border of lateral lobe not round-

ed (Fig. 9A, E) 15

15. Mesocephalic border of apex transverse

expanded (Fig. 14E) H. lloroensis

- Mesocephalic border of apex not trans-

verse expanded (Fig. 9F) H. chocoensis

16. Distal end of lateral lobe with a deep

notch H. emberarum
- Distal end of lateral lobe lacking notch 17

17. Outline of lateral lobe irregular H. mutisi

- Outline of lateral lobe regularly re-

curved 18

18. Apex in distal view with bifid papilla

near spermatic channel . . H. gorgonensis

- Apex in distal view with slightly round-

ed papilla near spermatic channel ....

H. martelathani

19. Lateral lobe subtriangular 20

- Lateral lobe semicircular 21

20. Mesocaudal projection of spermatic

channel with distal spinule

H. bouvieri monticola

- Mesocaudal projection of spermatic

channel without distal spinule

H. bouvieri angulata

2 1 . Chelae of male with prominent tubercle

on external base of fixed fingers

H. bouvieri bouvieri

— Chelae of male without prominent tu-

bercle on external base of fixed fingers

H. bouvieri stenolobata

Summary of Distributions

This review of the genus Hypolobocera

from Colombia has made possible the study

of the geographic distribution of this genus.

However, some species are known from

single or few localities, and additional sam-

pling is needed.

The distribution of Hypolobocera species

comprises a vast portion of the Colombian

territory (Fig. 24), and includes most of Co-

lombia's major basins: the Magdalena, Cau-

ca, and Atrato Rivers basins, which drain

to the Caribbean; the San Juan, Anchicaya,

Dagua, Cajambre, Naya, and Guapi Rivers

basins, which drain to the Pacific; and the

Caqueta River basin, which drains to the

Amazon River.

Seven species and two subspecies have

trans-basin distribution: Hypolobocera
buenaventurensis, H. cajambrensis, H. cho-

coensis, H. lloroensis, H. meineli, H. velezi,

H. beieri, H. bouvieri angulata, and H. b.

monticola. The distribution of the latter

subspecies is particularly interesting, be-

cause it encompasses rivers that flow into

the Atlantic and the Pacific Oceans.

Hypolobocera bouvieri bouvieri, H. b.

stenolobata, and H. martelathani are found

exclusively in the Magdalena River basin,

while H. alata, H. andagoensis, and H. ro-

tundilobata have only been found in the

San Juan River basin; H. emberarum occurs

only in the Atrato River basin.

Hypolobocera bouvieri bouvieri has an

extensive distribution on the slopes of the

Central and Eastern Cordilleras, in systems

that drain to the Magdalena River. Another

subspecies with a broad trans-basin distri-

bution is H. b. monticola. The known dis-

tribution of this subspecies includes the
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Fig. 24. Geographical distribution of Hypolobocera in Colombia, a, //. andagoensis\ al. //. «/<:/r<7; b, //.

beieri; an, //. boiivieri angulata; bo, //. bouvieh bouvieri; m, //. bouvieri monticola; sten, //. boiivieri stenolo-

bata\ bu, //. buenaventurensis; c, //. cajambrensis; ch, //. chocoensis; d, //. dentata; e, //. emberarum; g, //.

gorgonensis; k, //. kamsarum\ 11, //. lloroensis; ma, //. malaguena; mar, //. martelathani: me, //. meineli: mu,

//. murindensis; mut, //. mutisi; n, H. noanamensis; r, //. rotundilobata; stei, //. steindachneri; v, //. velezi. The
bold, dashed lines indicate continuous distribution ranges, and the dotted line a disjunct distribution.
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Central and Western Cordilleras in the mid-

dle course of the Magdalena and Cauca

River basins. This subspecies has a great

potential to colonize new habitats due, in

part, to the ability of females to hatch large

number of eggs. The distribution of H. b.

angulata includes the Sierra Nevada de

Santa Marta to both slopes of the Sierra de

Perija, and also the Cordillera de Merida in

Venezuela. This disjunct distribution, cov-

ering the Cesar and Catatumbo River ba-

sins, is considered a relict distribution mod-
ified by temperature changes (G. Rodri-

guez, pers. comm.).

Hypolobocera lloroensis and H. cho-

coensis are known from the headwaters of

the Atrato River, which flows northwards

into the Gulf of Uraba to the Caribbean Sea.

In addition, records are here included from

the basin of the San Juan River which

drains into the Pacific Sea, for H. chocoen-

sis (upper San Juan River, Choco, USNM
240102; Condoto, 045-0, 045-1 ADT-
CRBMUV); and H. lloroensis (Condoto,

CRBMUV 85132; CRBMUV 87016; Ist-

mina, TU 6193; Tado, ICN-MHN-CR
1262). This trans-basin distribution can be

attributed to the intermittent communica-

tion between both basins which can occur

during flooding seasons in areas below 100

m of altitude.

Hypolobocera dentata, H. kamsarum, H.

malaguena, H. mutisi, H. murindensis, and

H. noanamensis are species known from

single localities.

The vertical distribution of the species

(Table 1) ranges from 20 to 2500 m. Hy-

polobocera lloroensis extends from 50 to

2400 m along the San Juan River and head-

water of the Atrato River. Hypolobocera

andagoensis, H. buenaventurensis, H. ca-

jambrensis, H. chocoensis, H. gorgonensis,

H. malaguena, H. meineli, H. murindensis,

H. mutisi, and H. noanamensis, have been

found along the coastal plain of the Pacific,

between 20 and 700 m. The other species

from the Pacific drainage are H. beieri, be-

tween 500 and 1600 m; H. rotundilobata,

between 70 and 2000 m. The inland spe-

Table L—Altitudes (in meters above sea level) re-

ported for Colombian Hypolobocera.

Hypolobocera alata 490-700

H. andagoensis 20-50

H. beieri 500-1600

H. bouvieri angulata 400-1300

H. bouvieri bouvieri 270-2050

H. bouvieri monticola 300-1850

H. bouvieri stenolobata 1175-1200

H. buenaventurensis 20-200

H. cajambrensis 50-700

H. chocoensis 20-500

H. dentata 1600

H. emberarum 1800-2500

H. gorgonensis 20-300

H. kamsarum 1350

H. lloroensis 50-2400

H. malaguena 0-50

H. martelathani 1300-2300

H. meineli 50-100

H. murindensis 25

H. mutisi 500

H. noanamensis 50

H. rotundilobata 70-2000

H. steindachneri 1500

H. velezi 420-2400

cies, which range between 270 and 2500 m
are: H. dentata, H. emberarum, H. marte-

lathani, H. steindachneri, H. velezi, and the

subspecies H. b. bouvieri, H. b. monticola,

and H. b. stenolobata.
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Abstract.—We describe a new species of fossorial frog, Xenorhina adisca,

from the Sudirman Mountains of western New Guinea. The new species is

distinguished from its congeners in lacking discs on fingers and toes, having

moderately long legs, large eyes, and a long, pointed snout, and having a red

venter with black "pants" markings under the groin. It is currently known only

from the type locality. The limited mobility of members of this genus make
them highly susceptible to endemism, and it seems likely that additional species

await discovery along the south versant of the Central Dividing Range of New
Guinea.

Xenorhina is a genus of seven endemic

New Guinea species (Zweifel 1972, Blum
& Menzies 1988, Allison & Kraus 2000)

closely allied with the equally endemic Xe-

nobatrachus, from which it differs in lack-

ing odontoid spikes. Clear synapomorphies

distinguishing these two genera are lacking

(Burton 1986) and further phylogenetic

study may result in the synonymization of

the latter with the former. Of the seven spe-

cies of Xenorhina currently recognized, six

are terrestrial or fossorial, and one has sec-

ondarily adopted an arboreal life style (Al-

lison & Kraus 2000). All species are found

in the western part of the island, ranging

from western Papua New Guinea to the

western end of Papua (formerly Irian Jaya).

Most Xenorhina species occur at moderate

to high altitudes (1000-3500 m), although

X. oxycephala is a widespread lowland spe-

cies.

During a biological survey in southwest-

ern Papua in 1997 we discovered a new
species of Xenorhina and describe it below.

Materials and Methods

Specimens were euthanized in the field

by immersion in chlorotone, fixed in 10%

buffered formalin, and then transferred to

70% ethanol for storage. All measurements

were made to the nearest 0. 1 mm with dig-

ital calipers or an optical micrometer, ex-

cept that disc widths were measured to the

nearest 0.03 mm. We follow the method-

ology and use the terminology of Zweifel

(1972, 2000) and Kraus & AUison (2001):

distance from anterior corner of eye to cen-

ter of naris (EN); diameter of eye (EY);

width of disc on third finger (FD); foot

length from proximal edge of sole to tip of

4th toe (FT); hand length from proximal

edge of palm to tip of 3rd finger (HD); head

width at widest point, typically at the level

of the tympana (HW); internarial distance,

between centers of external nares (IN); dis-

tance from anterior corner of eye to tip of

snout (SN); body length from snout to vent

(SV); width of disc on fourth toe (TD); tibia

length from heel to skin fold of knee

(TLfoijj); tibia length from heel to outer sur-

face of flexed knee (TL,,nee)' tympanum di-

ameter (TY). The two different measures of

TL are provided because measurement
technique varies in the literature: the latter

measurement is generally the more reliable

across a variety of microhylid genera and is

the standard in more recent taxonomic
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Fig. 1 . Right foot (a), and hand (b) of holotype (MZB 8403) of Xenorhina adisca, showing absence of discs.

Scale bar is 2 mm.

treatments, but the former measurement is

published for a wider array of taxa (Zweifel

1972). Sex was determined by examination

of gonads and vocal slits.

We confirmed generic assignment of the

frogs by the presence of a symphygnathine

jaw, absence of vomeropalatine spikes, lack

of a broad subdermal sheet of bone behind

the eye, absence of cutaneous turbercles on

the eyelids, and presence of a pointed snout

and small eyes. Type specimens are depos-

ited in the Museum Zoologi Bogor, Indo-

nesia (MZB) and the Bernice P. Bishop Mu-
seum, Honolulu (BPBM). Additional com-

parative material is housed in the collec-

tions of the University of Papua New
Guinea (UPNG).

Xenorhina adisca, new species

Figs. 1-3

Holotype.—MZB 8403 (field no. AA
15395), adult female, collected by Allen

Allison at Tembagapura, 4.14009°S,

137.09782°E, 2200 m elev., Sudirman
Mountains, Papua (= Irian Jaya), Indonesia,

on 17 March 1997.

Paratypes.—MZB 8404 and BPBM
14915, juvenile and adult female, respec-

tively, same data as holotype.

Diagnosis.—A small (SV = 18.8-23.6

mm) species of Xenorhina lacking finger

and toe discs (Fig. 1), and having moder-

ately long legs (TLfoid/SV = 0.35-0.38,

TLknee/SV - 0.39-0.40), large eyes (EY/SV
= 0.072-0.080), and a relatively long point-
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Fig. 2. Dorsal (a) and lateral (b) views of the head of holotype (MZB 8403) of Xenorhina adisca. Scale bar

is 3 mm.

ed snout with a high EN/IN ratio (1.1-1.2,

Fig. 2).

Description of holotype.—An adult fe-

male. Head moderately wide (HW/SV =

0.32), merging with body with no constric-

tion at neck; oblique loreal region, no can-

thus rostralis; nostrils much closer to tip of

snout than to eyes (Fig. 2); internarial dis-

tance less than distance from external naris

to eye (EN/IN =1.1, IN/SV = 0.068, EN/
SV = 0.072); snout rounded when viewed

from side and from above (Fig. 2); eyes of

moderate size (EY/SV = 0.072), eyelid less

than one-half width of interorbital distance;

tympanic ring indistinct, horizontal diame-

ter equal to width of eye.

Dorsal and lateral surfaces with scattered

low rounded tubercles, especially concen-

trated on end of snout (Fig. 2). Supratym-

panic fold slight. Ventral surfaces smooth.

Fingers unwebbed, relative lengths 3 >
4 > 2 ~ 1, tips somewhat flattened but

lacking discs and circummarginal grooves

(Fig. 1); very low areas of thickened skin

on inner metacarpal surfaces, but not de-

veloped into actual tubercles. Toes unweb-

bed, relative lengths 4>3>5>2> 1;

tips rounded and lacking discs and circum-

marginal grooves; low skin thickenings pre-

sent on inner metatarsal surfaces, but not

developed into tubercles. Hind legs mod-

erately long (TLfo,ySV = 0.35, TL^nee/SV =

0.40).

The vomeropalatines lack enlarged odon-

toid spikes.

Ground color of dorsal surfaces of body

and limbs brownish yellow in preservative,

heavily and evenly suffused with dark

brown, which is densest dorsally and lighter

laterally. Obscure chocolate brown flecks

are scattered on dorsum and sides. Tympa-
num somewhat lighter in color and with an

obscure chocolate brown supratympanic

stripe that extends across the dorsal margin

of the tympanum and ends just anterior to

the forelimb insertion. A chocolate brown

patch surrounds the anus. Ventral ground

color of body and limbs brownish yellow

with many tiny dark brown flecks scattered

throughout and most densely concentrated

on chin, throat, groin, and undersides of

limbs, forming "pants" in the groin and up-

per thighs (Fig. 3). Palms and soles mottled

light gray and chocolate brown.

Measurements (in mm).—SV = 23.5,

TLfoid = 8.3, TL,,,e = 9.5, HW = 7.6, IN
= 1.6, EN = 1.7, SN = 2.4, EY = 1.7, TY
= 1.7, HL = 4.9, FL = 10.1, FD = 0.58,

TD = 0.50.

Variation.—One of the paratypes is an

adult female; the other is near adult size but

of undetermined sex. Mensural variation in
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Fig. 3. Underside of holotype (MZB 8403) of Xenorhina adisca, showing strongly melanized gular region

and "pants" in the groin and upper thighs. Scale bar is 10 mm.
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Fig. 4. Map of western New Guinea showing tlie type locality of Xenorhina adisca.

the small sample at hand is minor (Table 1) Call.—Unknown. All available speci-

and there are no noteworthy differences in mens are female or immature,

color pattern among the three specimens. Comparisons to other species.—Xenorhi-

Color in life.—Dorsum dark brown; ven- na adisca may be distinguished from all

ter bright red. other species of the genus except X. similis
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Table L—Mensural measurements (in mm) and ra-

tios of the holotype and two paratypes of Xenorhina

adisca.

Specimen

Character MZB 8403 MZB 8404 BPBM 14915 Mean

sv 23.5 18.8 23.6 22

TLfoij 8.3 6.7 8.9 8

i Li^ngg 9.5 7.3 9.5 8.8

EN 1.7 1.3 1.8 1.6

IN 1.6 1.2 1.5 1.4

SN 2.4 1.9 2.7 2.3

TY 1.7 1.5 1.5 1.6

EY 1.7 L5 1.8 1.7

HW 7.6 6.3 8.2 7.4

HL 4.9 4.1 5.5 4.8

FL 10.1 8.2 10 9.4

FD 0.58 0.48 0.53 0.53

TD 0.5 0.38 0.53 0.47

TLf„,ysv 0.35 0.36 0.38 0.36

TL,„,,/SV 0.4 0.39 0.4 0.4

EN/SV 0.072 0.069 0.076 0.073

IN/SV 0.068 0.064 0.064 0.065

SN/SV 0.1 0.1 0.11 0.11

TY/SV 0.072 0.08 0.064 0.072

EY/SV 0.072 0.08 0.076 0.076

HW/SV 0.32 0.34 0.35 0.34

HL/SV 0.21 0.22 0.23 0.22

FL/SV 0.43 0.44 0.42 0.43

FD/SV 0.025 0.026 0.022 0.024

TD/SV 0.021 0.02 0.022 0.021

EN/IN 1.1 LI 1.2 1.1

and X. minima in lacking expanded discs

on both the fingers and toes.

From X. similis, X. adisca may be distin-

guished by its considerably smaller size

(SV = 18.8-23.6 in X. adisca vs. 48-51

mm in X. similis), larger eye (EY/SV =

0.072-0.080 in X. adisca vs. 0.058-0.072

in X. similis), and dark dorsal color pattern.

From X. minima, X. adisca may be dis-

tinguished by its longer legs (TL^i^ = 0.35-

0.38 in X adisca vs. 0.29-0.34 in X. min-

ima), longer and more pointed snout (EN/

IN = 1.1-1.2 in X. adisca vs. 0.83-0.84 in

X. minima), dark dorsal color pattern, and

red (vs. cream) venter.

Xenorhina adisca is further distinguished

from all other members of the genus by its

ventral color pattern, which includes a dark

chin and throat and dark "pants" in the

groin and upper thighs (Fig. 3). Other

Xenorhina species having melanized gular

regions are either entirely dark below (X
parkerorum) or are mottled in the groin/

thigh region {X. arboricola, X. similis).

Ecological notes.—Xenorhina adisca is

fossorial. We collected our specimens dur-

ing the day from within the surface litter of

a heavily mossed montane closed-canopy

forest on a steep southwest-facing slope

drained by a small stream. The dominant

trees at the collection site included Elaeo-

carpus nubigenus, Saurauia calyptrate and

Polyosma integrifolia. Canopy height was

20-30 m. Treeferns, Cyathea sp., were

common throughout the subcanopy, as was

a species of Pittosporum. The ground flora

included a dense array of tree saplings, gin-

gers, Elatostema, ferns, and mosses {Daw-

sonia and Sphagnum).

Intermittent rainfall and temperature re-

cords maintained by P.T. Freeport Indonesia

suggest that the mean monthly temperature

at the collection site is around 11-12°C

with little annual variation. Annual rainfall

likely exceeds 6000 mm.
Xenorhina adisca occurred sympatrically

with Xenobatrachus macrops, X. ocellatus,

and an undescribed species of Xenorhina,

all closely related frogs of similar habitus.

Other members of the local herpetofauna

included a treefrog, Litoria angiana, and a

skink Papuascincus stanleyanus, both of

which are widespread in montane New
Guinea.

Etymology.—The name is a feminine

compound adjective derived from the Greek

"<3f", meaning "without", and the Greek

noun "<i/5c", meaning "a flat plate", in its

adjectival combining form ''-disca'\ and

refers to the absence of digital discs in the

species.

Distribution.—Xenorhina adisca is

known only from the type locality (Fig. 4)

but is likely to prove more widely distrib-

uted along the southern versant of the Cen-

tral Dividing Range of western New Guin-

ea.
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Remarks

Thirteen of the 26 species now recog-

nized in Xenorhina and Xenobatrachus

have been described in the last quarter cen-

tury (Menzies & Tyler 1977, Blum & Men-
zies 1988, Allison & Kraus 2000, Kraus &
Allison 2002, this paper) and we are aware

of additional undescribed species. Most re-

cently described taxa of Xenorhina and Xe-

nobatrachus have been discovered in the

central valleys of the Central Dividing

Range or in the outlying north coast ranges.

In contrast, Xenorhina adisca is the first

member of these genera described from the

southern versant of New Guinea since X.

minima (Parker 1934). Considering the

large tracts of western New Guinea that

have not been adequately surveyed, more

species seem likely to occur. Our surveys

confirmed the presence of at least six spe-

cies of Xenorhina and Xenobatrachus along

an altitudinal transect ranging from sea lev-

el to ca. 3000 m along the road from Timika

to Tembagapura in southern Papua. We
heard but were unable to collect what may
be additional species. This appears to be the

richest concentration of species yet reported

for this clade; other sites have 3-4 species

recorded (Blum & Menzies 1988, Allison

& Kraus 2000, Kraus & Allison 2002).

Blum & Menzies (1988) have remarked

that the rugged terrain of New Guinea,

combined with the limited mobility of these

fossorial frogs, has likely led to high levels

of speciation and endemism—a view with

which we agree. However, the degree of en-

demism varies in scale: several taxa may
prove endemic to single valley or mountain

complexes, but others inhabit broader,

though geographically limited, regions en-

compassing several distinct mountain rang-

es. The taxa described from the Eipo Valley

(Blum & Menzies 1988) may prove to fit

the former pattern, whereas Xenorhina ar-

boricola, Xenobatrachus zweifeli, and Xe-

nobatrachus tumulus are already known to

inhabit multiple discrete mountain ranges

along the north coast of Papua New Guinea

(Allison & Kraus 2000, Kraus & Allison

2002). What pattern generally holds for

species along the southern versant of the

Central Dividing Range remains to be seen

but most known species from that region

have broad distributions (Zweifel 1972).
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Appendix
>

Specimens Examined

Xenorhina arboricola: BPBM 13745, 1.3 km S, 2.3

km E summit of Mt. Hunstein, Hunstein Mts., 1000

m, East Sepik Prov., Papua New Guinea; BPBM
13746-77, S slopes of Mt. Menawa, 8.5 km N, 14 km

E Utai aerodrome, Bewani Mts., 1200 m. West Sepik

Prov., Papua New Guinea.

Xenorhina bouwensi: BPBM 1015, Sibil Valley, Star

Mts., 1250 m, Irian Jaya [= Papua], Indonesia; BPBM
3686, 3.2 km N Dasiga, New Guinea.

Xenorhina eiponis: UPNG 7406 (paratype), Mung-
gona, 1800 m, Irian Jaya [= Papua], Indonesia.

Xenorhina minima: UPNG 7409, Serabum, 2400 m,

Irian Jaya [= Papua], Indonesia.

Xenorhina oxycephala: BPBM 13756-57, 2 km W
Utai aerodrome, 260 m. West Sepik Prov., Papua New
Guinea; BPBM 14269, 8.7 km N, 9.8 km E Mt. Hun-

stein, 75 m. East Sepik Prov., Papua New Guinea.

Xenorhina parkerorum: UPNG 9358—59, Nogar Vil-

lage, Keowagi, 2200 m, Simbu Prov., Papua New
Guinea.
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Acanthochondria hoi, a new species of parasitic copepod
(Poecilostomatoida: Chondracanthidae) on the California halibut,

Paralichthys californicus, from Santa Monica Bay, California,

with an amended key to the genus Acanthochondria

Julianne E. Kalman

Department of Organismic Biology, Ecology and Evolution, University of California,

Los Angeles (UCLA), 621 Charles E. Young Drive South, Box 951606,

Los Angeles, California 90095-1606

Abstract.—A new species of parasitic copepod, Acanthochondria hoi, is de-

scribed from specimens collected within the gill cavity of the California halibut,

Paralichthys californicus (Ayers), from Santa Monica Bay, California. Acan-

thochondria hoi can be distinguished from its congeners by the combination

of a Type B-V antennule and Type A leg 2, in addition to leg 1 ornamentation.

A revision of the key of Acanthochondria prepared by previous authors is

provided and includes three new species.

Santa Monica Bay is located in the

Southern California Bight and is an open

coastal embayment bounded by Point

Dume to the north and Palos Verdes Point

to the south. The Hyperion Treatment Plant

(Bureau of Sanitation, Department of Pub-

lic Works, City of Los Angeles) provides

secondary treatment and disposal of treated

wastewater through a 5-mile effluent outfall

located in Santa Monica Bay. The Environ-

mental Monitoring Division conducts quar-

terly otter trawls to monitor the effects of

the effluent on the fishes and macroinver-

tebrates living in the vicinity of the outfall

(Dojiri & Brantley 1991). During the July/

August and November 1998, and February

and May 1999 trawls, several specimens of

California halibut, Paralichthys californi-

cus (Ayers), were collected with parasitic

copepods within the gill cavity. These par-

asites represent a new species of Acantho-

chondria, which is described below.

Materials and methods.—The fishes

were collected in Santa Monica Bay, Cali-

fornia. Quarterly otter trawls were made
aboard the RTV La Mer in association with

the Environmental Monitoring Division,

Bureau of Sanitation, Department of Public

Works, City of Los Angeles. Immediately

after the catch was brought on board, the

fishes were placed in plastic bags and kept

on ice in a cooler for a later examination in

the laboratory. The copepods were removed

and preserved in 70% isopropyl alcohol,

then cleared in 85% lactic acid. They were

measured with an ocular micrometer and

selected specimens were dissected. Illustra-

tion were drawn with the aid of a camera

lucida. Holotype and paratypes were depos-

ited in the National Museum of Natural

History, Smithsonian Institution, Washing-

ton, D.C. (1001623-1001628). Additional

specimens are in the collection of the au-

thor.

Systematic Account

Order Poecilostomatoida Thorell, 1859

Family Chondracanthidae

Milne-Edwards, 1840

Genus Acanthochondria Oakley, 1927

Acanthochondria hoi, new species

Figs. 1-3

Material examined.—A total of seven

nonovigerous and 22 ovigerous females
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Fig. 1. Acanthochondria hoi n. sp., female. A, habitus, dorsal; B, habitus, lateral; C, genito-abdomen, lateral;

D, caudal ramus; E, antennule; F, antenna; G, mandible. Scale: 1.0 mm in A, B; 0.1 mm in C, F; 0.05 mm in

D, G; 0.2 mm in E.
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(each with an attached male) was collected

from within the gill cavity (inner side of

operculum and floor of oral cavity at the

base of gill arches) of the California hali-

but, Paralichthys californicus (Ayers).

Female.—The trunk (Fig. lA, B) is long

and slender. The cephalosome is slightly

longer than wide. Neck region consisting of

first and second pedigers. Trunk with a sin-

gle mid-lateral indentation and bearing a

pair of posterior processes, which are mod-

erately long and slender. The genital seg-

ment (Fig. IC) is longer than wide; and the

abdomen (Fig. IC) is shorter than the gen-

ital segment and bears two dorsal setules.

The caudal ramus (Fig. ID) has three setae,

a knob, and a large spinulated terminal pro-

cess. The antennule (Fig. IE) is of Type B-

V (Ho & Kim 1995), consisting of a large

unarmed basal portion and a small cylin-

drical distal portion with an armature for-

mula of 2-2-8. The antenna (Fig. IF) is 2-

segmented; the basal segment is large and

unarmed; the terminal claw possesses a

small mid-lateral seta and a minute basal

setule. The mandible (Fig. IG) is 2-seg-

mented; convex margin armed with 31-35

teeth, concave margin has 21-24 teeth.

The maxillule (Fig. 2A) is a lobe bearing

two processes produced at the distal margin

of the appendage. The maxilla (Fig. 2B) is

2-segmented, with the basal segment un-

armed. The terminal segment carries a

small seta, a large seta, and a large process

armed with 1 5 teeth along its posterior mar-

gin. The maxilliped (Fig. 2C) is 3-seg-

mented; the first segment is unarmed; the

second segment bears a protruded portion

on which one patch of spinules is located

and a row of 12 teeth on the distal margin;

the terminal segment is clawlike, bearing a

proximal patch of small spinules and a sub-

terminal accessory process. Leg 1 (Fig. 2D)

is biramous with the exopod bearing an out-

er seta. The anterior surface is covered with

irregular patches of spinules. Leg 2 (Fig.

2E) is biramous with long rami. The exo-

pod carries an outer seta. The rami bear spi-

nules at the distal tips of the anterior sur-

faces in addition to several setules.

Measurements.—Total length (tip of ce-

phalosome to tip of posterior process) 6.84

mm; trunk width 0.44 mm; cephalosome

0.39 mm X 0.35 mm; genital segment 0.47

mm X 0.44 mm; abdomen 0.19 mm X 0.16

mm; posterior process 1.32 mm.
Ma/^.—The body (Fig. 3A), 0.67 mm X

0.34 mm, is ventrally flexed. The cephalo-

some and the first pedigerous segment com-
prise more than half the total length. The
antennule (Fig. 3B) is slender and bears an

armature formula of 1-1-2-2-8. The antenna

(Fig. 3C) is 2-segmented. The basal seg-

ment possesses a rounded knob near the ar-

ticulation with the terminal claw. The ter-

minal segment bears two setae on the basal

portion. The mandible (Fig. 3D) is 2-seg-

mented; terminal segment armed with 20

teeth along convex margin, 9 teeth along

concave margin. The maxilla (Fig. 3E) is 2-

segmented and exhibits the usual sexual di-

morphism for this genus by possessing a

naked terminal process. Leg 1 (Fig. 3F) is

larger than leg 2 (Fig. 3G). Both legs are

similarly armed, with the protopod bearing

a long outer seta, the exopod with two small

elements, and the endopod a smaller un-

armed lobe. However, the two elements on

the exopod of leg 2 are unequal in size.

Etymology.—This species is named after

Dr. Ju-Shey Ho, an expert in parasitic co-

pepod research and my mentor and former

advisor.

Remarks.—Acanthochondria hoi, new
species, was previously reported by Dojiri

(1977) 2i?, Acanthochondria sp. C. However,

a literature search revealed that a descrip-

tion of this species was never published. Ho
(1975) tentatively identified a badly dam-

aged specimen of Acanthochondria from

the California halibut as A. soleae (?). In

addition, Haaker (1975) and Allen (1990)

reported A. soleae to occur on the Califor-

nia halibut, directly and indirectly citing Ho
(1975), respectively. Ho's (1975) specimen

is probably identifiable with A. hoi. Kabata

(1979) comments that the literature contains
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Fig. 2. Acanthochondria hoi n. sp., female. A, maxillule; B, maxilla; C, maxilliped; D, leg 1; E, leg 2. Scale:

0.05 mm in A, B, C; 0.3 mm in D, E.

a number of erroneous host listings of A.

soleae. A. soleae is parasitic mainly on the

sole, Solea solea, and its distribution is re-

stricted to the Atlantic Ocean (Kabata

1979). A. hoi differs from A. soleae in the

relative lengths of the endopod and exopod,

leg 1 ornamentation, and structure of the

maxilliped.

Acanthochondria hoi is distinguished

from its congeners by the combination of a

Type B-V antennule and Type A leg 2 (Ho

& Kim 1995), in addition to leg 1 orna-

mentation. Legs 1 and 2 have relatively

long rami with the endopod noticeably lon-

ger than the exopod. A check into the key

of Acanthochondria prepared by Ho and

Kim (1995) revealed that this specimen col-

lected from the California halibut is new to

science. This specimen keyed out to step

33a, which is equivalent to A. exilipes (Ho

1971). Table 1 lists differences between A.

hoi and A. exilipes.

Key to the Species of Acanthochondria

The following revised key includes all

accepted species of Acanthochondria (Ho

& Kim 1995). Three new species were add-
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Fig. 3. Acanthochondria hoi n. sp., male. A, habitus, lateral; B, antennule; C, antenna; D, mandible; E,

maxilla; F, leg 1; G, leg 2. Scale: 0.1 mm in A; 0.02 mm in B, C, D, E, F, G.

ed, A. kajika (Ho & Kim 1996), A. zebriae

(Ho et al. 2000), and A. hoi (Kalman, this

report), increasing the number of species to

46. In addition, all typographical errors

have been corrected (most notable, from Ho
and Kim (1995): step 16b should lead to

step 29, not step 28 as previously noted; A.

cyclopsetta, A. exilipes, A. galerita, and A.

physidis should all be cited as Ho 1971, not

Ho 1970 as previously noted).

Poly and Mah (2001) deeply criticize

some of the characters used in the key by

Ho and Kim (1995). However, this revised

key is still valid and useful until further

morphological characters can be discovered

for some nominal species where the host

Table 1.—Differences between Acanthochondria exilipes and A. hoi.

A. exilipes A. hoi

Antennule type

Teeth on mandible

Maxillule

Leg 1 ornamentation

2nd segment of

maxilliped

B-III

37—41 on convex margin

32-34 on concave margin

2 patches of spinules

naked

2 patches of spinules

B-V
31—35 on convex margin

21-24 on concave margin

naked

patches of spinules

1 patch of spinules

and 12 teeth on

outer margin
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family is used as a "character". Thus, the

pubUcation containing the best information

to aid in species identification is provided

in parentheses after each species name.

The males of Acanthochondria do not

show species differences; therefore, the

characters used in this key refer strictly to

adult ovigerous females (Ho 1970). For

types of antennule and leg 2 found in this

key, refer to Ho and Kim (1995).

la Neck region consisting of first pediger

only 2

b Neck region consisting of first and sec-

ond pedigers 4

c Neck region consisting of second pe-

diger only; first pediger incorporated

into head region triglae

(Herrera-Cubilla & Raibaut 1990:82-87)

2a Second pediger indistinguishably fused

to trunk 3

b Second pediger distinctly separated

from trunk and bearing a pair of large

rounded swellings limandae

(Kabata 1979:127-128)

3a Antenna of B-VII type laemonemae

(Capart 1959:102-103)

b Antenna of B-III type lepidionis

(Ho 1972a: 147-149)

c Antenna of B-I type zebriae

(Ho et al. 2000:711-713)

4a Neck very long, at least 8 times longer

than wide 5

b Neck moderately long, at most about 3

times as long as wide; leg 2 with ex-

tremely long protopod (Type E) 6

c Neck short; at most slightly longer than

wide; protopod of leg 2 not greatly

elongated 8

5a Posterolateral processes short and

blunt; terminal process of maxilla bear-

ing a short row of fine denticles ....

. . . diastema (Ho & Dojiri 1988:273-279)

b Posterolateral processes long and slen-

der; terminal process of maxilla bear-

ing a long row of large teeth . . uranoscopi

(Ho & Kim 1995:48-51)

6a Endopod of leg 2 much reduced, rep-

resented by a little knob tchangi

(Shiino 1959:361)

b Endopod of leg 2 at least half as large

as exopod 7

7a Cephalosome about as long as wide;

parasite of Platycephalidae . . platycephali

(Ho 1973:127-130)

b Cephalosome distinctly longer than

wide; parasite of fishes other than Pla-

tycephalidae inimici

(Dojiri & Ho 1988:47-53)

8a Trunk cylindrical, long (at least twice

longer than wide), and without lateral

indentations 9

b Trunk appearance otherwise 11

9a Posterolateral processes shorter than

head; caudal ramus shorter than abdo-

men 10

b Posterolateral processes longer than

head; caudal ramus distinctly longer

than abdomen elongata

(Pillai 1985:125-127)

10a Cephalosome with small rounded knob

at each anterior corner; hook-like an-

tenna curved in distal region .... fraseri

(Ho 1972b:523-527)

b Cephalosome with large anterolateral

swellings; hook-like antenna curved in

basal region pingi

(Yii & Wu 1932:66-68)

11a Trunk trapezoidal; postoral region

elongated dilatata

(Shiino 1955:107-110)

b Trunk shaped otherwise; leg 1 close to

oral region 12

12a Cephalosome bearing a pair of lateral

horn-like projections; trunk without

lateral indentations bicornis

(Shiino 1955:103-107)

b Cephalosome without such projections;

trunk mostly with lateral indentations

13

13a Leg 2 long and slender (Type D) . . . 14

b Leg 2 shaped otherwise 15

14a Posterolateral processes long, as long

as or longer than 4th pediger .... soleae

(Kabata 1979:128-129)

b Posterolateral processes short, distinct-

ly shorter than 4th pediger . . . cyclopsetta

(Ho 1971:3)

15a Legs 1 and 2 indistinctly bilobated

(Type B) physidis

(Ho 1971:11-15)

b Legs 1 and 2 distinctly bilobated ... 16

16a Antennule without inflated basal part

(Type A) 17
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b Antennule with inflated basal part

(Type B) 30

17a Leg 2 slightly larger than leg 1 .... 18

b Leg 2 distinctly larger than leg 1 . . . 24

18a Both legs 1 and 2 covered with spi-

nules 19

b Both legs 1 and 2 without spinules or

bearing at most only patches of spi-

nules 20

19a First pediger with lateral protuberance

sixteni (Dojiri & Ho 1988:53-56)

b First pediger without such protuber-

ance . . . dojirii (Kabata 1984:1708-1910)

20a Cephalosome distinctly longer (at least

L38 times) than wide 21

b Cephalosome about as long as wide . . 22

21a Distal part of leg rami covered with

spinules vancouverensis

(Kabata 1984:1710)

b Distal part of leg rami not covered with

spinules glandiceps

(Shiino 1955:93-96)

22a Trunk about as long as wide 23

b Trunk distinctly longer than wide ....

spirigera (Shiino 1955:100-103)

23a Parasitic on Sillaginidae shawi

(Yii 1935:7-9)

b Parasitic on Gobiidae yui

_ (Shiino 1964:30-33)

24a Terminal process of maxilla armed

with a long row of teeth (about 15) . . 25

b Terminal process of maxilla armed

with a short row of teeth (at most 11)

26

25a Cephalosome round in dorsal view . .

brevicorpa (Yamaguti 1939:535)

b Cephalosome pear-shaped in dorsal

view longifrons

(Shiino 1955:86-89)

26a Both legs bearing large, prominent

patches of spinules margolisi

(Kabata 1984:1705)

b Both legs naked or with small patches

of spinules 27

27a Trunk distinctly longer than wide and

with prominent lateral indentations ... 28

b Trunk about as long as wide with slight

lateral indentations 29

28a Parasitic on Serranidae constricta

(Shiino 1955:96-100)

b Parasitic on Pleuronectidae . . hippoglossi

(Kabata 1987:215)

29a Labrum with lateral protrusion, legs 1

and 2 tipped with spinules on both

rami . . kajika (Ho & Kim 1996:276-279)

b Labrum without lateral protrusion, legs

1 and 2 naked fissicauda

(Shiino 1955:90-93)

30a Cephalosome with two lateral round

swellings on ventral surface of head;

antennule with prominent ventral pro-

tuberance clavata

(Kabata 1979:126-127)

b Cephalosome and antennule without

such features 31

31a Both rami of leg 2 large, coniform

(Type C); a pair of large protuberances

lateral to labrum in oral area . . . galerita

(Ho 1971:8-11)

b Leg 2 and oral area without such fea-

tures 32

32a Leg 2 distinctly larger than leg 1 . . . 33

b Leg 2 only slightly larger than leg 1

37

33a Trunk wider than long; posterolateral

processes short and blunt .... tasmaniae

(Heegaard 1962:154-155)

b Trunk about as long as wide; postero-

lateral processes long priacanthi

(Ho & Kim 1995:53-56)

c Trunk distinctly longer than wide; pos-

terolateral processes either long or

short 34

34a Endopod of leg 2 about as long as pro-

topod 35

b Endopod of leg 2 distinctly shorter

than protopod 36

35a Antennule of B-III type; leg 1 naked

exilipes (Ho 1971:3-7)

b Antennule of B-V type; leg 1 with

patches of spinules hoi

(Kalman this report)

36a Terminal process of maxilla bearing

less than 10 teeth epachthes

(Kabata 1968:339-344)

b Terminal process of maxilla armed

with at least 15 teeth oralis

(Yamaguti 1939:536-537)

37a Trunk as long as wide or slightly lon-

ger than wide 38

b Trunk distinctly longer than wide ... 40

38a Cephalosome large, as wide as trunk

and bearing a pair of anterolateral pro-

tuberances macrocephala

(Ho & Kim 1995:46-48)
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b Cephalosome distinctly narrower than

trunk, without protuberance 39

39a Cephalosome slightly longer than

wide; endopod of leg 2 distinctly lon-

ger than exopod incisa

(Shiino 1955:83-86)

b Cephalosome distinctly longer than

wide; endopod of leg 2 about as long

as exopod . . . ophidii (Ho 1977:158—160)

40a Cephalosome about as long as wide;

both legs covered with spinules

rectangularis (Kabata 1984:1705)

b Cephalosome wider than long; both

legs with spinules on rami only .... 41

41a Cephalosome with two prominent lat-

eral protrusions; antennule of Type B-

II sicyasis (Ho 1977:160-164)

b Cephalosome with swollen oral region;

antennule of Type B-V cornuta

(Ho 1970:121-127)
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Diagnoses of hybrid hummingbirds (Aves: Trochilidae).

11. Documentation of an intergeneric woodstar hybrid,

Calliphlox mitchellii X Chaetocercus mulsant

Gary R. Graves

Department of Systematic Biology, MRC-116, National Museum of Natural History,

Smithsonian Institution, P.O. Box 37012, Washington, D.C. 20013-7012, U.S.A.

Abstract.—A specimen in the Museum Alexander Koenig collected in Co-

lombia is shown to be a hybrid between Calliphlox mitchellii and Chaetocercus

mulsant. This is the first known example of intergeneric hybridization between

species in these presumably closely related genera. External measurements of

the hybrids are consistent with the proposed parental hypothesis.

As far as I am aware, the sole reference

to intergeneric hybridization between min-

iature woodstars currently placed in Chae-

tocercus and Calliphlox (sensu Schuch-

mann 1999) is buried in the published cat-

alog of the Otto Kleinschmidt Collection,

which is now deposited in the Museum Al-

exander Koenig, Bonn, Germany (Klein-

schmidt 1943:226):

''Chaetocercus—? 9837 S ohne Orig.-Etik., wohl

CC, hochst interessanter Vogel, Zwischenglied oder

Mischling bzw. Bastard zwischen Chaetocercus

mulsanti und Calliphlox mitchelli. Schwerlich Ab-

erration von mulsanti. C. harterti scheint ahnlich,

ist aber kleiner."

Kleinschmidt's brief entry was accompa-

nied by an inked drawing of the rectrices

of the specimen and those of its proposed

parental species. This record was over-

looked in subsequent catalogs of humming-
bird hybrids (Meyer de Schauensee 1949,

Gray 1958, Panov 1989, Schuchmann
1999). In any case, Kleinschmidt's presen-

tation was insufficient to determine the tax-

onomic status of the specimen or to make
a convincing case for a particular hybrid

combination. Here I provide an assessment

of the specimen employing the methods and

assumptions outlined in Graves (1990) and

Graves & Zusi (1990), as modified by the

findings of Graves (1998, 1999).

Methods

The specimen (Museum Alexander Koe-

nig 9837) was obtained by the Fassl broth-

ers in Colombia, possibly from the Cordil-

lera Central, but little else is known about

its provenance except that Anton and Ed-

uard Fassl collected natural history speci-

mens in Colombia from 1908 to 1911. The

specimen, which was sexed as S on one of

the three attached labels (November 2001),

appears to be in definitive plumage as

judged by the absence of striations on the

maxillary ramphotheca, the absence of dis-

tinctive buffy feather tips on the dorsal

plumage or white spots in the rectrices, and

the presence of a strongly iridescent gorget.

Descriptions in this paper refer to definitive

male plumage.

I compared the specimen with all species

in the subfamily Trochilinae, the typical

hummingbirds (Zusi & Bentz 1982, Sibley

& Monroe 1990, Bleiweiss et al. 1997), de-

posited in the Museum Alexander Koenig.

Color photographs of the specimen were

compared with all trochiline species in the

National Museum of Natural History,

Smithsonian Institution. The diminutive

specimen was similar in size and general

appearance to several of the small wood-

stars. For assessing the possibility of hy-

bridization, I considered all species cur-
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Table 1
.—Ranges (mean ± standard deviation) of measurements (mm) of wing chord, bill length, and rectrix

length (Rl—R5) of adult males of Calliphlox mitchellii, Chaetocercus amethystina, Chaetocercus mulsant, and

a probable hybrid, Calliphlox mitchellii X Chaetocercus mulsant (Museum Alexander Koenig 9837).

Character

Calliphlox mitchellii

(N = 13-15)
Calliphlox amethxstina '

(A^ = 10-11)
Chaetocercus mulsant

{N = 18-19) Hybrid

Wing 34.3-37.2 30.4-33.1 37.6^0.6 38.9

Bill

(35.6 ± 0.6)

12.9-14.3

(32.0 ± 0.4)

11.4-13.6

(39.3 ± 0.9)

15.5-17.3 16.2

Rl

(13.7 ± 0.4)

11.9-13.1

(12.5 ± 0.8)

13.3-15.1

(16.3 ± 0.4)

14.4-17.2 15.1

R2
(12.5 ± 0.4)

. 16.0-17.5

(14.2 ± 0.6)

16.1-17.4

(15.8 ± 0.7)

17.3-20.4 18.8

R3
(16.7 ± 0.5)

23.3-27.7

(16.9 ± 0.5)

20.8-25.0

(19.1 ± 0.9)

22.8-27.8 28.3

R4
(25.3 ± 1.3)

30.0-34.3

(23.0 ± 1.1)

28.0-31.1

(25.1 ± 1.3)

22.8-26.6 31.2

R5
(32.0 ± 1.3)

29.9-33.1

(29.7 ± 0.9)

32.2-36.9

(24.7 ± 0.9)

19.3-22.2 27.5

(31.6 ± 1.0) (33.8 ± 1.4) (20.4 ± 0.8)

^Bahia {n = 1), "Brazil" {n = 3), Minas Gerais {n = 3), Rio de Janeiro {n = 4).

rently placed by Schuchmann (1999) in

Calliphlox {mitchellii, amethystina) and

Chaetocercus {mulsant, bombus, heliodor,

astreans, jourdanii) that occur in Colombia

(Hilty & Brown 1986) as potential parental

species (see Graves 1997).

Measurements were taken with digital

calipers and rounded to the nearest 0. 1 mm:
wing chord; bill length (from anterior ex-

tension of feathers); and rectrix length

(from point of insertion of the central rec-

trices to the tip of each rectrix) (Table 1).

Pairs of rectrices are numbered from the in-

nermost (Rl) to the outermost (R5). Scatter

plots of measurements were used to illus-

trate size differences among specimens.

General color descriptions presented in

Appendix 1 were made under natural light.

I evaluated crown color with a calibrated

colorimeter (CR-221 Chroma Meter, Min-

olta Corporation) equipped with a 3.0 mm
aperture. The measuring head of the CR-
221 uses 45° circumferential illumination.

Light from the pulsed xenon arc lamp is

projected onto the specimen surface by op-

tical fibers arranged in a circle around the

measurement axis to provide diffuse, even

lighting over the measuring area. Only light

reflected perpendicular to the specimen sur-

face is collected for color analysis. Colori-

metric data from iridescent feathers are

acutely dependent on the angle of measure-

ment, the curvature of plumage surfaces in

museum skins, and the degree of pressure

applied to the plumage surface by the Chro-

ma Meter aperture. In order to reduce mea-

surement variation, I held the aperture flush

with the rectrix surface without depressing

it. The default setting for the CR-22 1 Chro-

ma Meter displays mean values derived

from three sequential, in situ measurements.

Colorimetric characters were described in

terms of opponent-color coordinates (L, a,

b) (Hunter & Harold 1987). This system is

based on the hypothesis that signals from

the cone receptors in the human eye are

coded by the brain as light-dark (L), red-

green {a), and yellow-blue (/?). The ratio-

nale is that a color cannot be perceived as

red and green or yellow and blue at the

same time. Therefore "redness" and

"greenness" can be expressed as a single

value a, which is coded as positive if the

color is red and negative if the color is
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green. Likewise, "yellowness" or "blue-

ness" is expressed by b for yellows and —b
for blues. The third coordinate, L, ranging

from to 100, describes the "lightness" of

color; low values are dark, high values are

light. The more light reflected from the

plumage, the higher the L value will be. Vi-

sual systems in hummingbirds (e.g.. Gold-

smith & Goldsmith 1979) differ signifi-

cantly from those of humans and the rele-

vance of opponent color coordinates to col-

ors perceived by hummingbirds is

unknown. In any case, the L, a, b color sys-

tem permits plumage color to be unambig-

uously characterized for taxonomic purpos-

es.

Results and Discussion

I considered the hypotheses that the spec-

imen represents (/) a geographic variant or

genetic color morph of a valid species; (//)

a hybrid; or {Hi) an undescribed species.

Hybrids lack formal standing in zoological

nomenclature. Therefore, hybridity must be

ruled out before species status is conferred.

Because the specimen differed significantly

in size and shape from all species of Cal-

liphlox or Chaetocercus, it does not appear

to represent a previously undiscovered col-

or morph or geographic variant of a known
species. All evidence is consistent with

Kleinschmidt's hypothesis that the speci-

men represents an intergeneric hybrid, Cal-

liphlox mitchellii X Chaetocercus mulsant.

Several characters of the hybrid facilitate

the identification of its parental species

(Figs. 1, 2): (a) purplish-rose gorget with a

few scattered white barbs on the chin; (b)

white pectoral band; (c) broad white mid-

line from pectoral band to vent; (d) absence

of rufous or buff pigmentation on the rec-

trices; (e) the presence of cinnamon or rufus

tipping on lower flank feathers; and (f) the

unusual shape of the tail (rectrix length: R4
>R3 > R5 > R2 > Rl).

Here I present a synopsis of the critical

steps of the hybrid diagnosis (see Appen-

Fig. 1 . Lateral views of males in definitive plum-

age (top to bottom): Chaetocercus mulsant, a probable

hybrid, Calliphlox mitchellii X Chaetocercus mulsant

(Museum Alexander Koenig 9837), and Calliphlox

mitchellii.

dix). The pool of potential parental species

may first be narrowed by focusing on ab-

sence of rufus or buff pigmentation in the

rectrices in the hybrid. Because brown and

reddish-brown pigments appear to exhibit

consistent penetrance in hummingbird hy-

brids (Banks & Johnson 1961, Graves &
Newfield 1996), Chaetocercus bombus
(buff pectoral band) and C jourdanii (rufus

pigmentation on rachii and vanes of rectri-

ces) can be eliminated from further consid-

eration as parental species. Chaetocercus

astreans can also be eliminated because its

geographic range in the Sierra Nevada de

Santa Marta does not overlap that of other

potential parental species (Graves 1986)

and because it possesses a dark red gorget

and bluish-green dorsal plumage, neither of

which is expressed in the hybrid. Similarly,

Chaetocercus heliodor can be eliminated

because hybridization between it and any of

the remaining species would likely produce

offspring with a grayish-white pectoral

band, dark green dorsal plumage toned with
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Fig. 2. Ventral view of a probable hybrid, Calliphlox mitchellii X Chaetocercus mulsant (Museum Alexander

Koenig 9837).

bluish-green, and dark greenish flanks

(Graves 1997). Based on plumage charac-

ters, the hybrid could be the product of two

possible combinations of species: Calli-

phlox mitchellii X Chaetocercus mulsant

and Calliphlox amethystina X Chaetocer-

cus mulsant. On geographical grounds the

hybrid must represent the former combi-

nation because Calliphlox amethystina and

Calliphlox mitchellii have allopatric distri-

butions east and west of the Cordillera Ori-

ental (Hilty and Brown 1986). The hybrid

was collected in the Cordillera Central

(Kleinschmidt 1943). Colorimetric mea-

surements of crown color (Table 2) are con-

sistent with the hypothesis that the speci-

men represents an intergeneric hybrid be-

tween Calliphlox mitchellii and Chaetocer-

cus mulsant.

As a second step, I tested the restrictive

hypothesis with an examination of size and

external proportions (Fig. 3). Measurements

of trochiline hybrids fall within the men-

sural ranges exhibited by their parental spe-

cies as a consequence of the polygenic

mode of inheritance (Banks & Johnson

1961). Measurements of Calliphlox mitch-

ellii and Chaetocercus mulsant overlap for

only two of the seven characters but the

percent difference in character means (larg-

er species divided by smaller) is moderate

except for the outermost rectrix (R5): wing

chord (10.4%), bill length (18.9%), Rl

(26.4%), R2 (14.4%), R3 (0.8%), R4
(29.6%), and R5 (54.9%). Measurements of

the hybrid fall within the cumulative range

of parental measurements for six of the sev-

en measurements. The third rectrix (R3) of

the hybrid was 0.5 mm (1.8%) longer than

the largest value recorded for that character

in the parental species. There have been no

well-documented cases of morphological

luxuriance (where the size of hybrid off-

spring exceeds that of the parental species)

among avian hybrids (Graves 1990, 1996).

I suspect that the cumulative range of mea-

surements for R3 in the parental species

would overlap the hybrid value if the sam-

ple size was increased.

I note for comparative purposes that Cal-

Table 2.—Minima, maxima, and means (± standard deviation) of opponent color coordinates (L, a, b) of

crown color of adult males of Calliphlox mitchellii, Chaetocercus mulsant, and a probable hybrid, Calliphlox

mitchellii X Chaetocercus mulsant (Museum Alexander Koenig 9837).

L
darkness

al-a
red/green

hl-h
yellow/blue

Min. Max. Mean ± SD Min. Max. Mean ± SD Min. Max. Mean ± SD

Calliphlox mitchellii

Chaetocercus mulsant

Hybrid

29.9

13.6

32.2 31.3 ± 0.8

20.2 16.9 ± 1.7

22.2

0.5

-0.3

2.7 1.1 ± 0.8

4.4 1.9 ± 1.4

-1.6

8.8

-4.3

12.1 9.8 ± 1.3

1.6 -1.6 ± 1.8

7.7
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15 20 25 30 35 40

Length Rectrix 5

28 32 36 40

Wing Length

28 32 36 40

Wing Length

Fig. 3. Bivariate plots of selected measurements (see Table 1) of males in definitive plumage: Calliphlox

mitchellii (•), Calliphlox amethystina (X), Chaetocercus mulsant (A), and a probable hybrid ( + ), Calliphlox

mitchellii X Chaetocercus mulsant (Museum Alexander Koenig 9837).

liphlox amethystina X Chaetocercus mul-

sant was not excluded as a parental com-

bination by mensural measurements (Table

1). However, inspection of bivariate plots of

the wing and rectrix measurements suggest

that Calliphlox mitchellii was the most like-

ly Calliphlox parent (Fig. 3). In summary,

evidence obtained from plumage color and

pattern, as well as from external size and

shape, is consistent with the hypothesis that

Kleinschmidt's specimen represents a hy-

brid between Calliphlox mitchellii and

Chaetocercus mulsant.

Acknowledgments

I thank Andre Weller, Renate van den El-

zen, Karl Schuchmann, and Angela Schmitz

for their hospitality in Bonn and for per-

mission to examine the Kleinschmidt col-

lection in the Museum Alexander Koenig.

Richard C. Banks and Richard L. Zusi cri-

tiqued the manuscript. Travel was support-

ed by the Alexander Wetmore Fund, Smith-

sonian Institution.

Literature Cited

Banks, R. C, & N. K. Johnson. 1961. A review of

North American hybrid hummingbirds.—Con-

dor 63:3-28.

Bleiweiss, R., J. A. W. Kirsch, & J. C. Matheus. 1997.

DNA hybridization evidence for the principal

lineages of hummingbirds (Aves: Trochili-

dae).—Molecular Biology and Evolution 14:

325-343.

Goldsmith, T. H., & K. M. Goldsmith. 1979. Discrim-

ination of colors by the black-chinned hum-

mingbird, Archilochus alexandri.—Journal of

Comparative Physiology A 130:209-220. Co-

lombia.—Condor 92:754-760.

Graves, G. R. 1986. Systematics of the Gorgeted

Woodstars (Trochilidae: Acestrura). Proceed-

ings of the Biological Society of Washington

99:218-224.

. 1990. Systematics of the "green-throated sun-

angels" (Aves: Trochilidae): valid taxa or hy-

brids?—Proceedings of the Biological Society

of Washington 103:6-25.

. 1996. Hybrid wood warblers, Dendroica stri-

ata X Dendroica castanea (Aves: Fringillidae:

Tribe Parulini) and the diagnostic predictability

of avian hybrid phenotypes.—Proceedings of

the Biological Society of Washington 109:373-

390.

. 1997. Diagnoses of hybrid hummingbirds

(Aves: Trochilidae). 4. Hybrid origin of Calo-

thorax decoratus Gould. Proceedings of the Bi-

ological Society of Washington 110:320-325.

. 1998. Diagnoses of hybrid hummingbirds

(Aves: Trochilidae). 6. An intergeneric hybrid,

Aglaiocercus kingi X Metallura tyrianthina,

from Venezuela.—Proceedings of the Biologi-

cal Society of Washington 111:511-520.

. 1999. Diagnoses of hybrid hummingbirds

(Aves: Trochilidae). 8. A provisional hypothesis

for the hybrid origin of Zodalia glyceria

(Gould, 1858).—Proceedings of the Biological

Society of Washington 112:491-502.

, & N. L. Newfield. 1996. Diagnoses of hybrid

hummingbirds (Aves: Trochilidae). 1. Charac-

terization of Calypte anna X Stellula calliope



VOLUME 116, NUMBER 3 825

and the possible effects of egg volume on hy-

bridization potential. Proceedings of the Biolog-

ical Society of Washington 109:755-763.

-, & R. L. Zusi. 1990. An intergeneric hybrid

hummingbird {Heliodoxa leadbeateri X Helian-

gelus amethysticollis) from northern Colom-

bia.—Condor 92:754-760.

Gray, A. R 1958. Bird hybrids. Commonwealth Agri-

cultural Bureaux, Bucks, England, 390 pp.

Hilty, S. L., and W. L. Brown. 1986. A guide to the

birds of Colombia. Princeton University Press,

Princeton, New Jersey, 836 pp.

Hunter, R. S., & R. W. Harold. 1987. The measurement

of appearance, 2nd edition. Wiley, New York,

411 pp.

BQeinschmidt, O. 1943. Katalog meiner ornitholo-

gischen Sammlung. Gebauer-Schwetschke, Hal-

le, Germany. I-XII + 236 + A-H pages.

Meyer de Schauensee, R. M. 1949. Birds of the Re-

public of Colombia, part 2.—Caldasia 5:381-

644.

Panov, E. N. 1989. Natural hybridisation and etholog-

ical isolation in birds (in Russian). Nauka, Mos-

cow, 510 pp.

Schuchmann, K. L. 1999. Family Trochilidae. Pp.

468-680 in J. del Hoyo, A. Elliott, & J. Sar-

gatal, eds.. Handbook of the birds of the world,

vol. 5. Barn-owls to hummingbirds. Lynx Edi-

cions, Barcelona, 759 pp.

Sibley, C. G., & B. L. Monroe, Jr. 1990. Distribution

and taxonomy of birds of the world. Yale Uni-

versity Press, New Haven, Connecticut, 1111

pp.

Zusi, R. L., & G. D. Bentz. 1982. Variation of a muscle

in hummingbirds and swifts and its systematic

implications.—Proceedings of the Biological

Society of Washington 95:412-420.

Appendix

Comparative description of selected characters of

adult male Calliphlox mitchellii, Chaetocerciis mul-

sant, and a probable hybrid, C. mitchellii X C. mulsant

(Museum Alexander Koenig 9837). Descriptions of

structural colors are unusually subjective, as color seen

by the observer varies according to the angle of in-

spection and direction of light. For this reason I use

general color descriptions.

The dorsal plumage in mitchellii, from forecrown to

uppertail coverts, is weakly iridescent and dark green

in coloration. When viewed head-on, the dorsum is

sooty green. The dorsal plumage of mulsant is signif-

icantly more iridescent than in mitchellii, appearing

bluish-green, particularly on the rump and uppertail

coverts. When viewed head-on, the dorsum of mulsant

exhibits a moderate degree of green iridescence which

becomes progressively bluer from crown to uppertail

coverts. The color and intensity of dorsal iridescence

in the hybrid were intermediate in appearance to that

of the parental species. Both parental species and the

hybrid possess silky white tufts of flank feathers.

In mitchellii the central rectrices (Rl) are black,

toned with dull bronze, the outer vanes glossed with

dark green. The remainder of the rectrices (R2-R5) are

black, toned with bronze or purplish-bronze at certain

angles of inspection under intense light. In mulsant,

the central rectrices are black, glossed with dull green

on the proximal two-thirds of the inner and outer

vanes; the outer rectrices (R2-R5) are black. Rectrices

of the hybrid are intermediate in color and shape

(width of R4 = —1.3 mm, width of R5 = —1.1 mm;
both measured 5 mm from the feather tip).

In mulsant, dark green wing coverts contrast with

dull black secondaries and primaries. The contrast be-

tween wing coverts and flight feathers in mitchellii is

negligible. Wing coverts and flight feathers in the hy-

brid are intermediate in color between those of mulsant

and mitchellii.

In mitchellii, a white post-ocular spot elongates to

form a tenuous connection to the side of the white

pectoral band. The postocular facial stripe (obscured

by lateral gorget feathers in Fig. 2) in mulsant and in

the hybrid is more pronounced.

The purplish-rose gorget of mitchellii extends lat-

erally to the lower edge of the eyering and posteriorly

to the lower throat. Gorget feathers are pale gray ba-

sally (with a few dark gray lateral barbs near the base

of the feather), banded distally by a narrow transitional

band of dark gray, and tipped with a purplish-rose disk.

The gorget is bordered posteriorly by a creamy-white

pectoral band. The abdomen and sides are dull green.

Feather tips along the midline are tipped with gray.

Feathers of the lower flanks are tipped with cinnamon

or rufus. Vent feathers are white, whereas undertail

coverts are dull green narrowly fringed with gray or

buff.

The purplish-rose gorget of mulsant does not extend

laterally to the eyering. A small white chin spot speck-

led with iridescent disks is found in most specimens.

The gorget is bordered posteriorly by a white pectoral

band (whiter than in mitchellii). Gorget feathers are

pale gray, grayish-white or creamy white, banded dis-

tally by a narrow transitional band of dull bronzy-

green, and tipped with a purplish-rose disk. A broad

white stripe extends along the midline from the pec-

toral band to the vent (also white). The flanks and sides

of the breast below the pectoral band are bluish-green.

Undertail coverts are white with an indistinct grayish

or bluish-gray lanceolate subterminal spot. Lower

flank feathers lack cinnamon or rufus tips.

The ventral plumage of the hybrid is intermediate

in appearance between that of mitchellii and mulsant.

A few feathers on the chin have scattered white barbs.
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The gorget extends laterally to the lower margin of the

eyering as in mitchellii. The gray basal portions of gor-

get feathers are intermediate in darkness between those

of mitchellii and mulsant; the narrow subterminal band

of gorget feathers exhibits dull bronze reflections. The

remainder of the underparts are nearly intermediate in

appearance between that of the parental species al-

though the elongated preparation of the skin makes it

difficult to compare homologous parts efficiently. The

hybrid possesses a distinctive pectoral band (darker

than in mulsant) and a white midline stripe extending

to the vent area (Fig. 2). Feathers on the lower flanks

are tipped with cinnamon or rufus. The undertail co-

verts are creamy white or buff with a subterminal gray-

ish-green spot. Longer coverts are narrowly tipped

with gray whereas shorter ones are tipped with buff or

rufus. The maxillary and mandibular ramphotheca of

mitchellii, mulsant, and the hybrid are black.
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A new burrowing crayfish of the genus Cambarus Erichson, 1846

(Decapoda: Cambaridae) from the lower Flint River basin in the

Dougherty Plain of Georgia, with notes on C (Z>.) harti Hobbs, 1981
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Abstract.—Cambarus (Depressicambarus) doughertyensis is a new species

of obligate burrowing crayfish known from a single locality in the lower Flint

River basin in the Dougherty Plain of the East Gulf Coastal Plain, Dougherty

County, Georgia. It appears to be most closely related to Cambarus (D.) harti

Hobbs, which is known from two localities in the western Piedmont Plateau,

Meriwether County. Although the two species are morphologically similar in

many respects, C. (D.) doughertyensis differs from C (D.) harti in having a

longer areola; a plethora of tubercles on the carpus and ventral surface of the

palm; more tubercles on the opposable surfaces of both fingers of the chela,

and differences in the morphology of those surfaces; a lack of spines or tu-

bercles on the proximal podomere of the uropod; a radically different color

pattern; and in a number of other characters. Spines on the ventral keel of the

rostrum of crayfishes other than certain Mexican crayfishes of the genus Pro-

cambarus Ortmann are reported for the first time. Inadvertent errors in the

description of C. {D.) harti are corrected.

Five similar species of highly special- Hills District; Cambarus (D.) strigosus

ized, obligate burrowing crayfishes of the Hobbs, 1981, is limited to the Savannah

genus Cambarus Erichson, 1846, subgenus River basin in the eastern Piedmont Pla-

Depressicambarus Hobbs, 1981, latimanus teau; and Cambarus (D.) truncatus Hobbs,

Group Bouchard 1978, are known to oc- 1981, is known only from the Oconee River

cupy limited, widely separated ranges in basin in the Fall Line Hills District. Of
Georgia (Hobbs 1981). Cambarus (D.) cy- these five crayfishes, C. (/).) harti, which is

matilis Hobbs, 1970, occurs in the Cona- cobalt blue, occupies the southwesternmost

sauga-Coosa River basin in the Ridge and range, and is known only from wetlands at

Valley physiographic province; Cambarus two localities in Meriwether County. Its

(D.) harti Hobbs, 1981, is known from the type locality is within the Cold Spring

Flint-Chattahoochee River basin in the Creek subdrainage of the upper Flint River,

western Piedmont Plateau; Cambarus (D.) the other is within the Flat Shoal Creek sub-

reflexus Hobbs, 1981, occupies parts of the drainage of the Chattahoochee River, about

Savannah and Ogeechee River basins in the 18.4 air km northwest of the type locality.

Atlantic Coastal Plain and eastern Fall Line On 20 May 1999, CES excavated a num-
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ber of chimneyed burrows in a seasonally

flooded swamp forest adjacent to the flood-

plain of Kiokee Creek, a tributary of the

lower Flint River in the Dougherty Plain of

the East Gulf Coastal Plain in Dougherty

County. This locality is about 147 air km
south-southeast of the type locality of C.

(D.) harti. The initial digging efforts pro-

duced four specimens of a relatively drab,

brownish crayfish that superficially resem-

bled C. (D.) harti except in color pattern.

Additional specimens have since been col-

lected, and it is apparent that this animal is

an undescribed species related to C (D.)

harti and the four other previously men-

tioned species. Examination of these spec-

imens also revealed the presence of spines

on the ventral keel of the rostrum, a char-

acter that has been reported only in some
Mexican crayfishes of the genus Procam-

barus, subgenera Paracambarus Ortmann,

1906, and Villalobosus Hobbs, 1972 (Vil-

lalobos 1955, 1983). Confusing statements

in the original description of C {D.) harti

are clarified, based on a recent examination

of the primary types.

Measurements of crayfish structures were

made to the nearest 0.1 mm with a Fowler

precision dial caliper, following the meth-

ods of Hobbs (1981:9—10) except where

noted. Abbreviations used in the paper are:

GMNH, University of Georgia Museum of

Natural History, Athens; j, juvenile;

NCSM, North Carolina State Museum of

Natural Sciences, Raleigh; PCL, postorbital

carapace length; TCL, total carapace length;

USGS, United States Geological Survey;

USNM, National Museum of Natural His-

tory, Smithsonian Institution, Washington,

D.C.; UTM, Universal Transverse Mercator.

Cambarus (Depressicambarus)

doughertyensiSy new species

Fig. 1, Table 1

Diagnosis.—Body and eyes pigmented,

eye small (x adult diam. 1.2 mm, n — 15).

Rostrum with slightly thickened, elevated

margins, subparallel or moderately con-

verging to base of short acumen, which not

delimited by tubercles or spines; margins

constricted at base of acumen, strongly con-

verging and concave from there to small,

dorsally directed apical tubercle; acumen
comprising 28.6-42.9% (x = 34.6%) of

rostrum length, latter constituting 11.7-

13.3% (x = 12.5%) of TCL; floor (dorsal

surface) of rostrum broadly concave, ce-

phalic half cuplike; ventral keel of rostrum

bearing 1-4 corneous spines. Areola oblit-

erated or nearly so, length constituting

40.9-45.6% (x = 43.7%) of TCL and 46.2-

51.2% (x = 48.9%) of PCL. Thoracic sec-

tion of carapace dorsally crowded with

punctations, dorsolaterally and laterally

granulate or with small tubercles; cephalic

section laterally with many, usually small,

tubercles. Cervical spines reduced to tuber-

cles, one to several each side of carapace.

Postorbital ridge moderate, cephalic margin

rounded and without spine or tubercle. Sub-

orbital angle obsolete to broadly obtuse,

without tubercle or spine; branchiostegal

spine vestigial or a small tubercle. Antennal

scale 2.5-3.1 (x = 2.8) times as long as

wide, greatest width at midlength; lateral

margin thickened and terminating distally

in long spine, lamella narrow, cephalic mar-

gin moderately or strongly declivous, me-

sial margin subparallel to lateral margin;

antennal peduncle without tubercles or

spines.

Palm of chela inflated, 1.7-1.9 (x = 1.8)

times wider than deep, depth 89.5-98.6%

(x = 95.2%) of length of mesial margin,

width 1.6-1.9 (x — 1.7) times length of me-

sial margin; latter constituting 26.3-31.3%

(x = 28.9%) of total chela (propodus)

length, bearing subserrate mesial row of 6

(rarely 5 or 7) large, semierect tubercles,

row subtended dorsally by second row of 5

or 6 (rarely 3 or 4) smaller ones, and other

smaller but produced tubercles dorsolateral

to this row; 1 or 2 small, produced tubercles

ventral to mesial row. Fixed finger of chela

costate laterally, with strong median ridge

dorsally and weak submedian ridge ven-

trally; opposable surface of finger with row
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Fig. 1. Cambarus {Depressicambarus) doughertyensis, new species; all from holotypic male, form I (NCSM
7997), except E, F, from morphotypic male, form II (NCSM 7999), and I from allotypic female (NCSM 7998):

A, lateral aspect of carapace; B, E, mesial aspect of gonopod (first pleopod); C, F, lateral aspect of gonopod; D,

dorsal aspect of carapace; G, caudal aspect of in situ gonopods; H, epistome; I. annulus ventralis and postannular

sclerite; J, antennal scale; K, ventral aspect of left palm; L, dorsal aspect of distal podomeres of left cheliped;

M, basis and ischium of third pereiopod. Scale line = 2 mm.
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Table L—Measurements (mm) of types of Cambarus {Depressicambarus) doughertyensis, new species.

Holotypic male,
form I Allotypic female

Morphotypic male,
form II

Carapace

Total length

Postorbital length

Width

Depth

Length rostrum

Length acumen

Length areola

Width areola

Antennal scale

Length

Width

Abdomen

Length

Width

Cheliped

Length propodus

Length mesial margin palm

Width palm

Depth palm

Length dactyl

Gonopod length

28.5

25.7

14.5

U.O
3.4

L2
12.7

0.2

3.2

LI

25.5

10.1

22.1

6.5

11.5

6.0

14.6

6.8

29.0 29.4

25.8 26.2

14.5 14.7

11.4 11.2

3.7 3.8

1.4 1.3

12.7 13.0

oblit oblit

3.2 3.4

1.3 1.1

26.4 26.0

10.7 10.3

21.5 24.4

6.4 7.0

11.1 12.6

6.3 6.9

14.0 15.8

N/A 7.1

of 5-7 (rarely 8) tubercles, in addition to

subcorneal tubercle ventral to denticles,

third tubercle from base usually very large;

dactyl length 2.2-2.6 {x = 2.3) times length

of mesial margin of palm, with very strong

median dorsal ridge and weak submedian

ventral ridge; mesial surface of dactyl with

strong, broad tubercles on proximal two-

thirds or more; opposable surface with row
of 9-12 (usually 9 or 10) tubercles, fourth

from base usually very large. Carpus with

weak dorsomesial tubercles; large, stout,

conical spine at distal margin of mesial sur-

face; 2 low, subcorneal distal mounds at

distal margin of ventral surface; and mul-

tiple strong tubercles on mesial and ventral

surfaces; merus with 2-4 small subdistal

dorsal tubercles, 4-6 (usually 5) tubercles

on ventrolateral ridge, and 7—11 (usually 9

or 10) tubercles on ventromesial ridge.

Abdomen shorter and considerably nar-

rower than carapace; proximal podomere of

uropod without tubercles or spines; mesial

ramus with small caudolateral and caudo-

median spines, latter submarginal.

Hook on ischium of third pereiopod of

males, that of holotypic male, form I (Fig.

IM) uniramous, tapered, oblique, over-

reaching basioischial articulation by most

of length, opposed by very weak tubercle

on basis; coxa of fourth pereiopod of males

with vertically disposed, caudomesial boss.

In situ gonopods (first pleopods) of form

I male (based on holotypic male; Fig. IG)

symmetrical; proximomesial apophyses

moderate, partly rounded; pair of bulbosi-

ties on base below apophyses; central pro-

jection directed caudally; mesial process in-

flated at base, tip extruded, directed cau-

dally and inclined slightly proximally; in

lateral aspect (Fig. IC), central projection

curved over 90° to plane of shaft, slightly

tapered, not recurved, with moderate, prox-

imally directed subapical notch; tip extend-

ing proximally nearly to distal margin of

mesial process but not as far caudally as tip
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of latter; mesial process subglobose, distal

margin arched; tip of process extruded, sub-

acute, caudally directed; caudal process rep-

resented by small, rounded protuberance; in

mesial aspect (Fig. IB), setae at midlength

of shaft and some near proximocaudal mar-

gin of caudal curvature.

Annulus ventralis (based on allotypic fe-

male; Fig. II) about 1.5 times wider than

long, subovate in ventral outline; cephalic

half moderately depressed, with broad, un-

even median trough flanked each side by

strong ridge; cephalomedian margin domed,

with median concavity; sinistral ridge of ce-

phalic half descending obliquely to join up-

per arm of reverse C-shaped caudosinistral

wall, dextral ridge slightly curved, descend-

ing to cephalic margin of caudodextral

wall; caudosinistral wall inflated, rounded

caudally and laterally, caudodextral wall

long, nearly horizontal, less inflated but

broad; transverse tongue originating at

broad median end of caudodextral wall,

proceeding horizontally to plunge into deep

fossa beneath sinistral wall; sinus not dis-

secting caudal margin. Mirror image of this

configuration observed in 7 of 10 females.

Measurements of type specimens provid-

ed in Table 1.

Description of holotypic male, form I.—
Body and eyes pigmented, eye 1.4 mm di-

ameter. Cephalothorax (Fig. lA, D) subcy-

lindrical, thoracic section 1.3 times wider

than deep. Areola nearly obliterated, 1

punctation in narrowest part, length consti-

tuting 44.6% of TCL (49.4% of PCL). Ros-

trum with relatively thick, strongly elevated

margins slightly converging to base of short

acumen, where sharply constricted, more
convergent and concave to small, dorsally

directed apical tubercle; latter reaching

midlength of penultimate podomere of an-

tennular peduncle; acumen comprising

35.3% of rostrum length, latter constituting

11.9% of TCL; floor of rostrum excavate,

cephalically cuplike, sparsely punctate,

with usual row of deep punctations along

inner surface of dorsal ridge; subrostral

ridge strong, visible to base of acumen in

dorsal aspect; ventral keel of rostrum with

2 corneous spines.

Postorbital ridge fairly strong, poorly de-

fined ventrally, inflated caudally; groove

shallow, lateral; cephalic margin rounded.

Suborbital angle obsolete, margin without

tubercle or spine; branchiostegal spine re-

duced to small tubercle. Thoracic section of

carapace dorsally crowded with deep punc-

tations, dorsolaterally and laterally granu-

late; row of small tubercles along ventral

margin of anterior section of cervical

groove; cephalic section of carapace 1.2

times longer than areola, constituting 55.5%
of TCL; laterally with many scattered,

small to moderate, tubercles, gastric region

with scattered punctations. Cervical spine

region with 1 tubercle and several granules.

Antennal peduncle devoid of spines or

tubercles; tip of adpressed antennal flagel-

lum reaching caudal margin of third tergite;

antennular peduncle with very small, sub-

distal median spine on ventral surface of

basal podomere. Antennal scale (Fig. IJ)

2.9 times as long as wide, broadest near

midlength; lateral margin slightly convex,

thickened, terminating in long spine, tip of

which reaching distal margin of penultimate

podomere of antennular peduncle; lamella

1.2 times width of thickened lateral portion,

distal margin strongly declivous from base

of spine, mesial margin subparallel to lat-

eral.

Abdomen narrow, greatest width 69.7%
of greatest carapace width; length 89.5% of

TCL; abdominal pleura fairly short, round-

ed ventrally and caudally; terga with many
large punctations, except articular surfaces

glabrous. Proximal podomere of uropod

without spines or tubercles; mesial ramus of

uropod with weak median ridge bearing

very small, submarginal caudomedian
spine; caudolateral spine of ramus very

small; cephalic section of right lateral ra-

mus of uropod with weak ridge, caudal

margin of transverse flexure bearing total of

19 fixed spines and 1 long, articulated sub-

lateral spine (15 fixed and 1 sublateral on

left). Telson with 2 spines in right caudo-
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lateral corner of cephalic section, innermost

articulated, left corner with single fixed and

2 articulated spines; transverse flexure

strong, caudal margin broadly rounded.

Epistome (Fig. IH) with subcordiform to

subtriangular cephalic lobe bearing short

cephalomedian projection; margins of lobe

relatively narrow, moderately elevated, lat-

eral corners produced as tuberclelike pro-

tuberances; floor (ventral surface) broadly

convex, very punctate; central depression

shallow, with deep median fovea; lamellae

very broad, moderately punctate, laterally

truncate, with 1 small tubercle and 1 strong

caudal tubercle each side; zygoma well

arched, cephalolateral margins flanked by

deep pit.

Third maxilliped with tip reaching mid-

length of penultimate podomere of antennal

peduncle; exopodite very hirsute, tip reach-

ing nearly to midlength of merus of endop-

odite; distolateral corner of ischium sub-

acute, lateral half apunctate, glabrous; me-

sial section very broad, with clumps of long

bristles, mesial margin of right ischium

with 21 denticles, 20 on left; incisor ridge

of right mandible with 8 denticles, 7 on left.

Right cheliped regenerated; left chela

(Fig. IL) 1.9 times longer than wide, palm

1.9 times as wide as deep, width 1.8 times

length of mesial margin; latter 29.4% of to-

tal chela (propodus) length, 44.5% of dactyl

length. Dorsal surface of palm covered with

mostly deep punctations, those on mesial

half and some on lateral half with small

basal tubercles; longitudinal dorsomesial

sulcus weak, with row of small, produced

tubercles; dorsolateral margin of palm cos-

tate for much of length (continuous onto

fixed finger), with slight impression and

large punctations, some with tubercles at

proximal bases; articular ridge strong, lat-

eral eminence with dense, short setae on

distolateral margin, continuing onto base of

opposable surface of fixed finger; lateral

margin of palm with row of large puncta-

tions. Ventral surface of palm (Fig. IK)

very punctate, mesial portion sharply set off

from greatly inflated portion; distolaterally

with weak depression (continuous onto

fixed finger); lateral eminence of strong ar-

ticular ridge with large, depressed, subcon-

ical subdistal tubercle; 3 strong and 3 weak-

er tubercles proximal to ridge (total of 13

obvious, produced tubercles on ventral sur-

face). Mesial margin of palm with subser-

rate mesial row of 6 strong tubercles, row
subtended dorsolaterally by row of 6 gen-

erally smaller tubercles, and 4 others dorsal

to this row; 1 strong distal tubercle ventral

to mesial row.

Fingers gaping except at tips, greatest

width of gape slightly more than width of

dactyl base, largest tubercles on opposable

surfaces of fingers separated when fingers

closed. Fixed finger costate laterally, inner

margin of proximal fourth scalloped; dorsal

surface with very strong, glabrous median

ridge, flanked each side by deep punctate

groove; lateral surface with row of large

punctations; ventral surface with fairly

strong ridge, closer to opposable margin

than median in position, flanked mesially

by row of coalescing punctations, laterally

by slanted surface crowded with large

punctations; opposable surface with rela-

tively small subconical tubercle ventral to

denticles at base of distal third or so of fin-

ger, and row of 5 other tubercles dorsal to

or interrupting denticles, second from base

largest; denticles in 1 or 2 rows. Dorsal sur-

face of dactyl with very strong, glabrous

median ridge, flanked each side by deep,

punctate groove; mesial surface with very

strong, broad tubercles on proximal three-

fourths, basal tubercles in 3 rows, strongly

encroaching dorsally, weakly encroaching

ventrally; ventral surface with moderate,

glabrous ridge, flanked each side by row of

punctations; opposable surface with 9 tu-

bercles, third from base largest, and exci-

sion in surface proximal to this tubercle;

denticles in 1 row.

Carpus (Fig. IL) 1.4 times as long as

wide, 1 .4 times as long as mesial margin of

palm; dorsal surface of carpus with narrow,

deep sulcus, lateral to which surface punc-

tate, mesial to which surface with 3 dor-
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somesial tubercles; mesial margin with

short, stout distal spine, 1 moderate tubercle

close to its proximal margin, and 9 other

strong, often subacute, tubercles; ventral

surface with 2 subconical distal mounds,

and 1 strong and 1 smaller proximomesial

tubercle. Merus 1.7 times longer than deep,

distodorsal surface with 1 large, broad ad-

pressed tubercle and 1 smaller tubercle;

ventrolateral ridge with 6 small, rounded tu-

bercles, none on articular condyl, which

rounded, glabrous; ventromesial ridge with

8 subacute tubercles and short, stout distal

spine; ischium with 4 small, subacute tu-

bercles on ventral ridge.

See "Diagnosis" for description of gon-

opods.

Description of allotypic female.—Except

for secondary sexual characters, differing

from holotypic male in following respects:

Areola obliterated, constituting 43.8% of

TCL (49.2% of PCL). Acumen comprising

37.8% of rostrum length, latter constituting

12.8% of TCL. Postorbital ridge fairly

weak, nowhere sharply defined. Cephalic

section of carapace 1.3 times longer than

areola, constituting 56.2% of TCL. Cervical

spine region with 5 small tubercles and sev-

eral granules. Greatest width of abdomen
73.8% of greatest carapace width, length

91.0% of TCL. Telson with single fixed

spine in each caudolateral corner of ce-

phalic section, transverse flexure weak, cau-

dal margin domed.

Palm of chela 1.8 times broader than

deep, width 45.7% of length of mesial mar-

gin, latter 29.8% of total chela length,

45.7% of dactyl length; dorsomesial sulcus

of palm obliterated; ventral surface with to-

tal of 10 obvious, produced tubercles. Op-

posable surface of right fixed finger with

broken subconical tubercle ventral to den-

ticles at base of distal fourth of finger, row
of 8 other tubercles (6 on left finger), third

from base massive. Opposable surface of

right dactyl with 10 tubercles, fourth from

base massive. Carpus 1.3 times as long as

wide, mesial surface with 10 tubercles of

varying sizes and shapes in addition to

short, stout distal spine. Right merus with

1 moderate and 4 weak, rounded distodorsal

tubercles (3 moderate tubercles on left);

ventromesial ridge with 10 tubercles (9 on

left), in addition to distal spine; ischium

with 2 small ventral tubercles each limb.

First pleopods strong, distally hirsute;

preannular sternite relatively narrow, walls

steep (see "Affinities"); ventral surface of

postannular sclerite (Fig. II) with large,

subconical papilla.

See "Diagnosis" for description of an-

nulus ventralis.

Description of morphotypic male, form
II.—Differing from holotype in following

respects: Areola obliterated, constituting

44.2% of TCL (49.6% of PCL). Ventral

keel of rostrum with single spine near base.

Branchiostegal spine obsolete. Cephalic

section of carapace 1.3 times longer than

areola, constituting 55.8% of TCL. Greatest

width of abdomen 69.7% of greatest width

of carapace, abdomen length 88.4% of

TCL. Telson with 1 very small fixed spine

and 1 minuscule articulated spine in right

caudolateral corner of cephalic section, all

spines congenitally absent from left. Lateral

corner of lamella of epistome devoid of tu-

bercles; zygoma moderately arched.

Right cheliped regenerated; palm of left

chela 1.8 times broader than deep; length of

mesial margin 28.7% of total chela length,

44.3% of dactyl length; ventral surface of

palm covered with tubercles of various siz-

es; subconical tubercle on lateral eminence

of articular ridge originating at proximal

margin of ridge, not adpressed; 3 large tu-

bercles proximal to ridge. Largest tubercle

on opposable surface of fixed finger second

from base, largest on opposable surface of

dactyl fourth from base. Caipus length 1.5

times length of mesial margin of palm; dor-

sal sulcus short, flanked mesially by row of

3 tubercles; mesial surface with total of 1

1

tubercles in addition to usual stout subdistal

spine; ventral surface with single proxi-

momesial tubercle. Distodorsal surface of

left merus with 1 moderate, subconical and

2 smaller, rounded tubercles; ventrolateral
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ridge with 5 very small tubercles, none on

distal condyl; ventromesial ridge with 11

small, conical tubercles.

Hook on ischium of third pereiopod

moderate, not overreaching articulation, op-

posed by extremely weak tubercle on ven-

tral surface of basis. In situ gonopods with

moderate, nearly abutted proximomesial

apophyses; in lateral aspect (Fig. IF), cen-

tral projection broad, slightly tapered, not

reaching as far caudally as tip of mesial

process; latter inflated nearly entire length,

directed caudally, tip subtruncate and with

small, spiniform protuberance directed cau-

domesially; juvenile suture absent; in me-

sial aspect (Fig. IE), short setae at mid-

length of shaft.

Color notes.—Most specimens discol-

ored by ferrous deposits; the following

based on a live adult female.

Ground color of carapace brown, fading

ventrally to pale greenish-brown, ventral

margin orangish; cephaloventral area of lat-

eral surface of cephalic section of carapace

creamy orange. Coxa, basis, and ischium of

cheliped orangish; merus brownish, fading

to orangish ventrally and proximally; car-

pus brown dorsally, orangish ventrally, with

orangish dorsomedian furrow. Large distal

tubercle on mesial surface of carpus orange,

all others orange-cream. Dorsal surface of

chela greenish-brown, articular ridge or-

ange; tips of both fingers orange, not sub-

tended by black band; tubercles on mesial

margin of palm and dactyl orangish; lateral

surface of propodus orangish. Largest tu-

bercle on opposable surface of dactyl and

fixed finger cream; other tubercles on both

fingers orange-cream. Proximodorsal part

and merus of second through fifth pereio-

pods orangish, fading to brownish on basis

and ischium; ventral surfaces of these pe-

reiopods orangish. Dorsal surface of abdo-

men brown; cephalic part of all pleura pink-

ish-orange, color most obvious on cephalic

two-thirds of second abdominal segment;

uropods and telson light brown.

Type locality.—Georgia, Dougherty
County, burrows in wetland just south of

access road near western boundary Albany
Nursery Wildlife Management Area, ca.

12.8 km W of Albany (Pretoria 1.5" USGS
quadrangle, UTM Zone 16, coord.

751779E, 3496706N). Locality within sub-

drainage of Kiokee Creek, Flint River ba-

sin, Apalachicola River drainage.

Disposition of types.—The holotypic

male, form I, allotypic female, and morpho-

typic male, form II, are in the NCSM crus-

tacean collection (7997, 7998, and 7999, re-

spectively). The following are designated

paratopotypes: 1 j(5, 3 $ (5253), 22 Jul

1999, coll. CES, S. E. Cammack, E. E. Van
De Genachte; 4 9 , 2 j ? (7987), 25 Feb

2001, coll. CES; 1 S I (7988), 13 Aug 1999

(was S II when collected), coll. CES, S. K.

Berckman; 1 c? I, 1 ? (USNM 1004610),

2 Jun 1999, coll. CES, M. C. Freeman

(MCE); 1 9 (GMNH 6239), 2 Jun 1999,

coll. CES, MCF; 1 9 (23692); 14 May
2002, coll. CES.

Variations.—Some variations other than

those previously addressed have been ob-

served. In dorsal aspect, the margins of the

rostrum are usually rather straight, and sub-

parallel or only moderately convergent to

the base of the acumen. In several speci-

mens, though, the margins are slightly con-

cave between the orbits, and in two very

small females the rostrum is triangular.

These juveniles also have marginal spines

on the rostrum. In all specimens, the mesial

(lamellar) portion of the antennal scale is

only slightly wider than the thickened lat-

eral portion, and the distomesial margin is

moderately or strongly declivous from the

base of the spine to the widest point. In

some specimens the distomesial margin is

deeply incised, bearing decidedly spinelike

protuberances. In ventral outline, the ce-

phalic lobe of the epistome varies in shape

from subcordiform or subtriangular to sub-

pentagonal, and in some specimens the

margins are erose, with small angular pro-

trusions. The central depression of the epi-

stome is obsolete in 10 specimens, very

shallow in the others, and always displays

a deep fovea.
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The greatest width of the abdomen varies

from 69.1-74.8% (x = 72.2%) of carapace

width, and is only slightly wider in females

than in males. The length of the abdomen

varies from 86.5-95.2% (x = 90.3%) of

TCL. The number of spines in the caudo-

lateral corner of the cephalic section of the

telson is highly variable. Four specimens

have a single fixed lateral spine and a single

articulated inner spine in each corner. Four

have two spines in one corner, and either a

single fixed or articulated spine in the other.

One specimen has no spines in one corner,

two in the other; another has two spines in

one corner, three in the other; and two spec-

imens have a single fixed spine in each cor-

ner. In most specimens the articulated

spines are very small.

In most specimens the punctations on at

least the mesial half or third of the ventral

surface of the palm have small basal tuber-

cles, but the surface also bears from 6-13

prominent, produced tubercles, several of

which may be very large. The largest tu-

bercle on the opposable surface of the fixed

finger is almost always the third (rarely the

second or fourth) from the base; the largest

tubercle on the corresponding surface of the

dactyl is usually the fourth from the base,

but often is the third, and occasionally the

first and fourth tubercles are equally large.

The total number of tubercles or spines on

the carpus, excluding the stout distal spine

of the mesial surface and the two stout dis-

tal tubercles or mounds of the ventral sur-

face, ranges from 7-13 (usually 10-13).

The ventral surface of the ischium of the

cheliped bears from 2-4 (usually 3 or 4)

small, subacute tubercles. The total length

of the chela of adult males averages about

85% of TCL (94% of PCL), while the av-

erage for adult females is about 75% of

TCL (84% of PCL).

Size.—The largest specimen is a female

measuring 34.5 mm TCL (31.0 mm PCL).

The largest form I male measures 31.0 mm
TCL (27.5 mm PCL), the smallest 28.5 mm
TCL (25.7 mm PCL). The smallest speci-

mens yet collected are two females with

TCLs of 7.0 and 7.7 mm.
Life history notes.—Form I males were

collected in May and July. A form II male,

collected in August 1999, underwent two

molts in the laboratory, became form I in

January 2000. No ovigerous females or

those with attached young have yet been

found. The two very small females, possi-

bly representative of recruitment size, were

dug from the same burrow on 25 February

2001.

Ecological notes.—The type locality of

C. (D.) doughertyensis is in a swamp forest

dominated by an overstory of Quercus spp.,

Nissa biflora, and Acer rubrum, while the

understory has abundant Crataegus aesti-

valis, Sebastiana fruticosa, Rhus radicans,

and a variety of graminoids. The area is

seasonally flooded, and in very wet periods

produces a shallow outflow to Kiokee
Creek. Burrows are typically found just

above the standing water mark among roots

of small trees and Serenoa repens. The soils

in the area are Grady clay loams and pro-

vide easy digging for the first 25 cm. Below
that, the soil becomes much more dense and

is more difficult to excavate. When the wa-

ter table is high, burrows are anastomosed

and usually have four or five openings, of-

ten marked by well developed chimneys ap-

proximately 10 cm high and 15 cm across.

In this situation, the animals are most often

found in one of the horizontal passages

about 30 cm below the surface. As the wa-

ter table drops, burrows are marked by only

two or three openings, with chimneys, that

angle down to a single subvertical passage

that penetrates the water table. The animals

are then found in the vertical passage, 5 to

10 cm below the water level. When a bur-

row is excavated, the crayfish can rarely be

induced to come to the air-water interface,

and when encountered they are unmoving

and rarely try to escape.

Crayfish associates.—Faxonella clypea-

ta (Hay, 1899) was collected in open water

in the swamp forest when flooded, and was

dug from simple burrows when the water
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table dropped. Two female Cambarus (De-

pressicambarus) of. C. (D.) striatus Hay,

1902 (5157, 23691) and a female Camba-
rus (Lacunicambarus) diogenes Girard,

1852 (23690) were dug from separate bur-

rows in the floodplain of Little Kiokee

Creek, not far from the C. (D.) dougher-

tyensis site.

Affinities.—Cambarus (D.) doughertyen-

sis shares so many similarities with C (Z).)

harti and several of the other small Georgia

burrowers that, although some of them can

undoubtedly be attributed to convergence

and the channeling effect of adaptation to

an obligate burrowing existence, it seems

reasonable these species have descended

from a common proximate ancestor. The

annuli ventrales of some of the species are

very similar, as are their narrow abdomens,

many aspects of their chelipeds, rostra, an-

tennal scales, suborbital angles, and bran-

chiostegal spines, and other features. Some,

including C (D.) harti, also have spines on

the ventral keel of the rostrum. They differ

significantly, however, in many ways.

In C (D. ) doughertyensis the areola con-

stitutes 40.9-45.6% (x = 43.7%) of 7CL
and 46.2-51.2% {x = 48.9%) of PCL, while

in C. (/).) harti it constitutes 38.2-40.3%

{x = 39.4%) of TCL and 44.2-45.8% {x =

44.8%) of PCL. Correspondingly, the ce-

phalic section of the carapace in the former

species is 1.2-1.4 times as long as the are-

ola, while in the latter it is 1.5—1.6 times as

long. The proximal podomere of the uropod

in C (D.) harti usually bears a small spine

on both the lateral and mesial lobes, but

such spines are lacking in C (D.) dough-

ertyensis. In C (D.) harti, the preannular

sternite of the female is broader and flatter

than that of C (D.) doughertyensis, which

is narrow and steep. The width of this ster-

nite, i.e., the distance between the ventral

angles of the walls at their articulations

with the mesial surfaces of the fourth cox-

ae, is about 38% of carapace width in the

former species, about 31% in the latter.

The ventral surface of the palm of the

cheliped of C. (D.) doughertyensis (Fig.

IK), proximal to the articular ridge, bears

many prominent, produced tubercles,

whereas only a few such tubercles are pre-

sent in C (D.) harti. The opposable surface

of the fixed finger of C (D.) doughertyensis

bears a row of from 5-8 tubercles in addi-

tion to the usual subconical tubercle ventral

to the denticles, and there is a wide space

between the base of the finger and the prox-

imalmost tubercle. In C. (D.) harti, the

number of tubercles that lie dorsal to the

denticles is 4 or 5 (6 in one specimen). The
opposable surface of the dactyl of C. (D.)

doughertyensis bears 9-12 (usually 9 or 10)

tubercles, whereas that of C. (D.) harti

bears 5—7 tubercles. When the fingers of the

chela are closed in C (D.) doughertyensis,

the largest tubercles on the opposable sur-

faces are separated from each other, but in

C (D.) harti the largest tubercles either

abut or overlap. The carpus of C (D.)

doughertyensis usually bears from 7—13

spines or tubercles in addition to the large,

stout distomesial spine and the two broad

distoventral structures, whereas that of C
(D.) harti has 3 or 4 tubercles in addition

to the usual. The former species has a short-

er, deeper merus, in which the length av-

erages 1.7 times the greatest depth, whereas

in C (D.) harti the merus averages twice as

long as deep.

The following species differ from C. (D.)

doughertyensis as indicated: C. (D.) cyma-

tilis has a strong, usually subacute subor-

bital angle, the caudomedian spine on the

mesial ramus of the uropod extends well

beyond the caudal margin, and the color is

blue; C (D.) reflexus has a long, strongly

recurved central projection and a well-de-

fined caudal knob, both on the form I male

gonopod, and the color is reddish or blue;

C (D.) strigosus has a row of plumose se-

tae on the caudal border of the mesial pro-

cess of the form I male gonopod, and a sin-

gle spine in each cephalolateral corner of

the telson; and C (D.) truncatus usually

lacks both caudomedian and caudolateral

spines on the mesial ramus of the uropod

and a transverse flexure in the telson, and
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the form I male gonopod has a very short

central projection.

The members of some Georgia popula-

tions of C. (D.) striatus and Cambarus (De-

pressicambariis) latimanus (LeConte,

1856) display multiple strong tubercles on

the carpus and the ventral surface of the

chela. In these species, however, there is no

excision in the opposable surface of the

dactyl; there is a tubercle or spine on the

ischium of the antennal peduncle; both

lobes of the proximal podomere of the uro-

pod bear a spine; the rostrum is longer, and

the abdomen is longer and much broader;

the antennal scale is subquadrate, with a

broader lamella; and the annulus is sub-

rhomboidal rather than subovate in outline.

Remarks—As far as we can determine,

the presence of spines or acute tubercles on

the ventral keel of the rostrum, while a not

uncommon feature in some Malacostraca,

has never been reported in freshwater cray-

fishes except, as mentioned, some Mexican

Procambarus of the subgenera Paracam-

barus and Villalobosus. An investigation of

the presence or absence of this character in

other U.S. species is just getting underway,

but it has to date been found in several oth-

er members of subgenus Depressicamba-

rus, including C. (D.) harti, and in one spe-

cies of subgenus Erebicambarus.

Etymology.—This species is named for

both the physiographic province and the

county in which it appears to be endemic.

Suggested vernacular name: Dougherty

burrowing crayfish.

Cambarus (Depressicambarus) harti

Hobbs, 1981

Some inadvertent errors appeared in the

description of this species (Hobbs 1981:

104-109). On page 104, column 2, para-

graph 2, part of the first sentence has been

omitted. It should read: Cephalic lobe of

epistome (Figure 45g) subrhomboidal with

short cephalomedian projection and scal-

loped margins; main body with broad, shal-

low central depression lacking distinct fo-

vea. . . . On page 107, column 1, paragraph

1, line 10 says "ventrolateral row of setae

on carpus reduced to 2. . .
." This should

read: ventrolateral row of tubercles on mer-

us reduced to 2. The next line says "mesial

surface of ischium of cheliped devoid of tu-

bercles," which should read: mesial and
ventral surface of ischium. . . . These latter

statements (p. 107) apply to the "morpho-

typic male, form II," but the specimen ac-

tually appears to be a juvenile rather than

an adult male of the second form.
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Abstract.—During recent deep-sea expeditions in Taiwan, Japan and New
Caledonia seven specimens were collected of the rare pandalid shrimp Bitias

brevis (Rathbun, 1906), a species previously known from only two specimens.

The study of this new material showed that characters used in separating B.

brevis from its sole congeneric species, B. stocki Fransen, 1990, are variable.

This study provides additional information on this rare shrimp, including col-

oration.

The recently established pandalid genus

Bitias Fransen, 1990 contains two species:

B. stocki Fransen, 1990, type species of the

genus, and B. brevis (Rathbun, 1906). Both

are rare and small species that occur in deep

waters from 550 to 1350 m. Bitias stocki is

known based only on four specimens from

the North Atlantic (Fransen 1990, Gonzalez

1995, Gonzalez & Santana 1996, Gonzalez

et al. 2001). Bitias brevis is known from the

holotype originally described as Pandalus

brevis Rathbun, 1906, collected in Hawaii,

and another specimen from Madagascar

(Crosnier & Fransen 1994). These two spe-

cies are very similar, and only slight differ-

ences in the shape of rostrum, and length

of telson, have been proposed to separate

them (see Crosnier & Fransen 1994). How-
ever, the limited number of known speci-

mens renders the evaluation of these distin-

guishing characters difficult.

During recent deep-water expeditions in

Taiwan, Japan and New Caledonia, seven

more specimens of this genus were ob-

tained. Careful examination showed that

they can be assigned to B. brevis. The pre-

sent report provides additional information

on this rare shrimp, including a color pho-
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tograph. The shape of the rostrum and the

length of the telson proved to be variable

in the Indo-West Pacific material examined

of this species. It is possible that B. stocki

may be synonymous with B. brevis, but

more material from the Atlantic is needed

for a full evaluation.

The specimens are deposited in the Na-

tional Taiwan Ocean University, Keelung

(NTOU), Natural History Museum and In-

stitute, Chiba (CBM), and the Museum na-

tional d'Histoire naturelle, Paris (MNHN).
The following abbreviations are used: cl,

postorbital carapace length, measured from

the orbital margin to the posterodorsal mar-

gin of the carapace; BT, bottom trawl; CP,

beam trawl; DW, Waren dredge; stn, station.

Expeditions names used are: TAIWAN
2000, joint Taiwanese-French cruise; BA-
THUS, French expedition named after the

Greek word for deep, bathys; and HALI-
PRO, French expedition named from "hal-

ieutique profonde".

Bitias brevis (Rathbun, 1906)

Figs. 1-3

Pandalus brevis Rathbun, 1906:916 (in

part), fig. 65, pi. 21-fig. 3 (type-locality:

Hawaii).—Chace, 1985:44.
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Fig. I. Bitias brevis (Rathbun, 1906). a, b, e, Taiwan, TAIWAN 2000 stn CP 55, female 7.2 mm cl, NTOU
2000-55; c, d, Taiwan, TAIWAN 2000 stn CP 55, 6.3 mm cl, NTOU 2000-55; f. New Caledonia, HALIPRO 2

stn BT 58, female 6.8 mm cl, MNHN-Na. 14970. a, carapace lateral view; b, left second pereiopod; c, left third

pereiopod; d, dactylus of left third pereiopod; e, f, posterior abdomen and tail fan, lateral view. Scales equal 1

mm.
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Bitias brevis—Crosnier & Fransen, 1994:

46, figs. 1, 2a-f, 3a-b.

Material examined.—Taiwan. TAIWAN
2000, RA^ Fishery Researcher 1, stn CP 55,

24°26.9'N, 122°18.rE, 638 m, 4 Aug 2000,

1 female 7.2 mm cl, 1 carapace 6.3 mm cl,

NTOU 2000-55.

Japan. KT 02-03 cruise, RA^ Tansei-

maru, stn B4, SE of Amami-Oshima Island,

Ryukyu Islands, 27°56.94'N, 129°31.40'E,

3 m beam trawl, 751-810 m, 16 Apr 2002,

1 male 5.5 mm cl, 2 females 5.3, 6.0 mm
cl, CBM-ZC 6469.

New Caledonia. BATHUS 3, stn DW 809,

23°39.39'S, 167°58.94'E, 650-730 m, 27

Nov 1993, 1 female (posterior part of ab-

domen missing) 6.8 mm cl, MNHN-Na.
14969; HALIPRO 2, stn BT 58, 25°4.13'S,

168°45.2rE-25°4.99'S, 168°44.86'E, 1303-

1500 m, 17 Nov 1996, 1 female 6.8 mm cl,

MNHN-Na. 14970.

Description.—Tegumental scales absent.

Rostrum short, slightly shorter than half

carapace length, nearly horizontal, extend-

ing to second segment of antennular pedun-

cle, dorsal margin densely serrated with 11-

16 teeth, including 4-6 on carapace poste-

rior to level of orbital margin; dorsal rostral

teeth generally movable but distal 1—6 teeth

may lack complete basal suture; ventral

margin of rostrum usually armed with 1

subdistal fixed tooth (rarely unarmed); ros-

tral lateral carina well marked and contin-

uous with orbital margin. Carapace with or-

bital margin concave; suborbital lobe poor-

ly developed; antennal spine well devel-

oped, pterygostomian spine small.

Eye pyriform, with well developed, dark-

ly pigmented cornea, lacking ocellus. An-

tennule with peduncle slightly overreaching

midlength of scaphocerite; stylocerite ter-

minating sharply, extending nearly to distal

margin of basal segment of peduncle; basal

segment with plumose setae and bristles on

dorsodistal margin, ventromesial ridge

without tooth; second segment with 3 or 4

spinules on dorsodistal margin. Antenna

with scaphocerite about 0.7 as long as car-

apace, lateral margin nearly straight, disto-

lateral tooth reaching distal margin of la-

mella; basicerite with moderately large ven-

trolateral distal spine extending to proximal

end of outer margin of scaphocerite.

Third maxilliped with endopod over-

reaching scaphocerite by about half length

of ultimate segment; penultimate segment

slightly longer than ultimate segment; ulti-

mate segment with several slender spinules

on lateral and dorsal surfaces; exopod ab-

sent. Pereiopods slender, but not extremely

elongate. First pereiopod not chelate, ex-

ceeding scaphocerite by 0.3-0.4 length of

propodus; ischium not expanded ventrally,

lacking spinules on ventral margin; carpus

with few spinules on lateral surface; pro-

podus shorter than carpus, with few spi-

nules on lateral surface; dactylus minute.

Second pereiopods subequal, overreaching

scaphocerite by length of chela and 0.5-0.1

length of carpus; carpus composed of 10 or

1 1 articles; chela rather large, about half

length of carpus; dactylus slightly shorter

than palm, terminating in 2 unguis corre-

sponding to simple unguis of fixed finger.

Third to fifth pereiopods similar, but de-

creasing in length posteriorly. Third pereio-

pod overreaching scaphocerite by length of

dactylus, propodus about 0. 1 length of car-

pus; ischium with 2 ventral spines; merus

almost as long as carapace, armed with 5—

7 lateral and 4 ventral spines; carpus slight-

ly shorter than propodus, with few minute

spinules on lateral surface and 6-8 (rarely

0) slender spinules on ventral surface; dac-

tylus about 0.2 as long as propodus, later-

ally compressed, not notably curved ven-

trally, bearing 4 or 5 accessory spinules on

ventral margin. Fourth pereiopod over-

reaching scaphocerite by length of dactylus

and 0.8 length of propodus; ischium with 2

ventral spines; merus slightly shorter than

carapace, armed with 6 lateral and 4 or 5

ventral spines; carpus with 3 or 4 ventral

spinules. Fifth pereiopod overreaching sca-

phocerite by length of dactylus and 0.4

length of propodus; ischium without ventral

spine; merus about 0.7 of carapace length.
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a
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Fig. 2. Bitias brevis (Rathbun, 1906). a, Taiwan, TAIWAN 2000 stn CP 55, female 7.2 mm cl, NTOU 2000-

55; b, Taiwan, TAIWAN 2000 stn CP 55, 6.3 mm cl, NTOU 2000-55; c. New Caledonia, BATHUS 3 stn DW
809, female 6.8 mm cl, MNHN-Na. 14969; d. New Caledonia, HALIPRO 2 stn BT 58, female 6.8 mm cl,

MNHN-Na. 14970; e, Japan, KT 02-03 stn B4, female 6.0 mm cl, CBM-ZC 6469; f, g, Japan, KT 02-03 stn

B4, male 5.5 mm cl, CBM-ZC 6469: a-e, lateral view of rostrum; f, endopod of first pleopod; g, appendix

masculina and appendix interna of second pleopod. Scales a-d = 1 mm, f, g = 0.5 mm.
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Fig. 3. Bitias brevis (Rathbun, 1906), Taiwan, TAIWAN 2000 stn CP 55, female 7.2 mm cl, NTOU 2000-

55.

armed only with 2-4 lateral, and or 1 ven-

tral spines; carpus with 2 ventral spinules.

Strap-like epipods on third maxilliped

through fourth pereiopods, and correspond-

ing setobranchs on first to fifth pereiopods.

Gill formula identical to that of B. stocki

(see Fransen 1990: table 1).

Abdomen with third somite dorsally

rounded, without posterior spine. Fourth

abdominal pleuron rounded, fifth abdomi-

nal pleuron bearing distinct posteroventral

denticle. Sixth somite 2.2-2.5 times as long

as height, distinctly shorter than telson. Tel-

son reaching or falling short of posterior

end of uropods, armed with 6 pairs (some-

times 7 on one side) of dorsolateral spines

and 2 pairs of terminal spines (inner pair

shorter). Uropod with endopod slightly

shorter than exopod; exopod with movable

spinule just mesial to small posterolateral

tooth.

Coloration (Fig. 3).—Carapace reddish

except translucent rostrum. Eyes black. An-

tennules and antennae translucent except

basal parts of latter somewhat reddish. Tho-

racic appendages reddish. Abdomen includ-

ing tail fan translucent.

Size.—Males ranging 5.5-7.8 mm cl, and

females 5.3-7.2 mm cl.

Distribution.—Indo-West Pacific; known
from Madagascar, Taiwan, Japan, Hawaii

and New Caledonia, at depths of 580-1500

m.

Remarks.—Crosnier & Fransen (1994)

reported that B. brevis can be distinguished

from B. stocki by the shape of the rostrum,

and the length of the telson. The seven

specimens of B. brevis reported here all

have complete rostrum, but the telson and/

or uropods are broken off in four speci-

mens. One specimen from Taiwan (Fig. 2a),

and one from New Caledonia (Fig. 2d),

have the rostrum moderately deep, and with

the ventral margin convex, somewhat sim-
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ilar to those of the holotype and allotype of

B. stocki (Fransen 1990: fig. la, c; Crosnier

& Fransen 1994: fig. 3c, d). The rostrum of

the other specimens (Fig. 2b, c, e) are rather

slender, and similar to those of the holotype

of B. brevis, and the Madagascar specimen

of this species reported by Crosnier & Fran-

sen (1994: fig. 3a, b). The lateral carina of

the rostrum is distinct in all the material

reported in the present study. Moreover, the

rostrum of the paratype of B. stocki is also

rather slender (Crosnier & Fransen 1994:

fig. 3e). Therefore, the shape of the rostrum

can not be used to separate B. brevis from

B. stocki as suggested by Crosnier & Fran-

sen (1994).

The other distinguishing character pro-

posed by Crosnier & Fransen (1994) is the

length of the telson, being shorter than the

uropods in B. stocki, and reaching the pos-

terior end of the uropods in B. brevis. The
three specimens of B. brevis reported herein

with complete tail fan have the telson (ex-

cluding the terminal spines) falling short of

the posterior end of the uropods (Fig. le,

f). Crosnier & Fransen (1994) had only one

specimen of B. brevis and one of B. stocki

with a complete telson. It should be pointed

out that the paratype of B. stocki mentioned

by Crosnier & Fransen (1994) as having the

telson broken, is illustrated with a complete

telson in Holthuis (1993: fig. 261), and the

telson does not reach the posterior end of

the uropods.

Although both characters proposed by

Crosnier & Fransen ( 1 994) for separating B.

brevis from B. stocki are variable, careful

comparison of our specimens with the orig-

inal description of B. stocki shows that

there are still minor differences between

them. The specimens of the type series of

B. stocki have 13-18 dorsal teeth on the

rostrum (Fransen 1990, but Crosnier &
Fransen 1994: fig. 3c-e illustrated a maxi-

mum of 17 dorsal teeth on the rostrum),

which are slightly more numerous than the

11-16 dorsal rostral teeth in B. brevis. The
carpi of the third to fifth pereiopods bear

only a few minute spinules on the lateral

surfaces in our specimens, while the carpi

are armed with numerous spinules in B. sto-

cki (Fransen 1990: fig. 3a-c). The shape of

the endopod of the male first pleopod seems

to be quite different in our male specimen,

and the male holotype of B. stocki. In our

male specimen, the endopod is narrower,

the distal part is distinctly bilobed with a

well differentiated appendix interna, and a

mesially directed rounded lobe (Fig. 2f). In

the holotype of B. stocki, the endopod is

noticeably broadened distally and not bi-

lobed (Fransen 1990: fig. 3g). However, our

male (5.5 mm cl) is considerably smaller

than the holotype of B. stocki (7.9 mm cl),

and the appendix masculina is distinctly

shorter than the appendix interna (Fig. 2g),

whereas the appendix masculina and the ap-

pendix interna are subequal in length in the

holotype of B. stocki (Fransen 1990: fig.

3h). Therefore, the observed differences in

the shape of the endopod of the first pleo-

pod may merely reflect the maturity of the

specimens. More material from the Atlantic

is needed to determine whether or not B.

stocki is distinct from B. brevis. A specimen

of B. stocki has been reported from the Ca-

nary Island by Gonzalez (1995), Gonzalez

& Santana (1996) and Gonzalez et al.

(2001). However, only a photograph of a

preserved specimen probably with a broken

rostrum was provided by Gonzalez (1995:

Foto 41), without any descriptive details.

An attempt to borrow this Canary Island

specimen has been unsuccessful.

As mentioned by Crosnier & Fransen

(1994), it is often difficult to determine

whether the small anterior, dorsal teeth on

the rostrum are movable or not. In our spec-

imens, the anterior four to six dorsal rostral

teeth appear to lack a complete basal suture,

and are probably fixed (Fig. 2a-e). There-

fore, it is necessary to modify the key char-

acters of Bitias given in Holthuis (1993:

262) to "Rostrum short, not reaching the

end of antennular peduncle; dorsal teeth

densely packed and more or less movable.

Second pereiopods equal. Stylocerite point-
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ed. Proximal lobe of scaphognathite trun-

cate."
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Diagnoses of hybrid hummingbirds (Aves: Trochihdae). 12.

Amazilia bangsi Ridgway, 1910, is an intrageneric hybrid,

Amazilia tzacatl x Amazilia rutila

Gary R. Graves

Department of Systematic Biology, MRC-116, National Museum of Natural History,

Smithsonian Institution, P.O. Box 37012, Washington, D.C. 20013-7012, U.S.A.

Abstract.—Amazilia bangsi Ridgway, 1910, collected at Volcan

les, Costa Rica, is shown to be a hybrid between Amazilia tzacatl

rutila.

The unique type of Amazilia bangsi

Ridgway, 1910, was collected by C. F. Un-

derwood (1896) at Volcan de Miravalles,

Costa Rica, on 7 September 1895. Early

references treated A. bangsi as a valid spe-

cies (Ridgway 1911, Cory 1918) until Si-

mon (1921) suggested that it represents an

aberrant specimen of A. rutila. Bangs
(1930:218) later noted in a catalog of avian

types in the Museum of Comparative Zo-

ology:

"Simon (1921, p. 106) gives it as his opinion,

without, however, having seen the type, that bangsi

is simply an example of rutila with an undue

amount of green feathers on the sides of the breast.

I do not think that this is so. but regard the type,

which is unique, as a hybrid. The type in its col-

oring is nearly intermediate between A. rutila and

A. tzacatl, both of which are common birds in the

region whence it came."

Although Bangs' brief comment was insuf-

ficient to verify the taxonomic status of A.

bangsi, subsequent authors accepted this

treatment without additional comment (Pe-

ters 1945, Gray 1958, Panov 1989, Weller

1999). Here I provide a more comprehen-

sive assessment of A. bangsi employing the

methods and assumptions outlined in

Graves (1990) and Graves & Zusi (1990),

as modified by the findings of Graves

(1998, 1999).

Methods

The type of Amazilia bangsi, originally

part of the E. A. and O. Bangs Collection

(No. 16682), was eventually cataloged in

the Museum of Comparative Zoology, Har-

vard University (No. 116682). Sexed as S

on the Bangs Collection label, the specimen

appears to be adult as judged by the ab-

sence of striations on the maxillary ram-

photheca. I compared the type with all tro-

chiline species {n = 26) that occur in the

Cordillera de Guanacaste and adjacent low-

lands of northwestern Costa Rica (see Un-

derwood 1896, Carriker 1910, Slud 1964,

Stiles & Skutch 1989) in the Museum of

Comparative Zoology (Appendix 1). De-

tailed descriptions and photographs of the

type were compared with series of Costa

Rican species in the National Museum of

Natural History, Smithsonian Institution.

Descriptions in this paper refer to definitive

male plumage.

Measurements of selected specimens (Ta-

ble 1) were taken with digital calipers and

rounded to the nearest 0. 1 mm: wing chord;

bill length (from anterior extension of

feathers); and rectrix length (from point of

insertion of the central rectrices to the tip

of each rectrix). Rectrices (R1-R5) and pri-

maries (Pl-PlO) are numbered from the in-

nermost to the outermost.

General color descriptions presented in

Appendix 2 were made under natural light.

I evaluated the color of the lower back and

abdominal plumage (3 mm lateral of the

midline) with a calibrated colorimeter (CR-
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Table 1 .—Range (mean ± standard deviation) of measurements (mm) of wing chord, bill length, and rectrix

length (R1-R5) of adult male Amazilia tzacatl, A. rutila, and probable hybrid, A. tzacatl X A. rutila (= type of

Amazilia bangsi Ridgway, 1910; MCZ 116682).

Amazilia tz.acath'

(n = 13-15)
Amazilia rutila^

{n = 10-14)

' 'Amazilia bangsi'

MCZ 116682

54.9-57.0 58.8

(56.2 ± 0.8)

18.2-20.7 20.7

(19.3 ± 0.8)

30.4-34.0 32.1

(31.9 ± 1.3)

32.1-35.9 34.2

(33.8 ± 1.3)

33.2-36.9 35.7

(34.9 ± 1.2)

33.1-37.2 36.7

(35.3 ± 1.4)

32.7-36.4 35.7

(34.7 ± 1.3)

Wing 54.6-58.7

(56.9 ± 1.3)

Bill 18.5-22.7

(20.4 ± 1.2)

Rl 30.7-32.9

(31.8 ± 0.7)

R2 32.3-35.1

(33.8 ± 0.7)

R3 33.3-35.7

(34.6 ± 0.6)

R4 33.1-36.2

(35.0 ± 0.8)

R5 32.4-35.9

(34.5 ± 1.1)

'" Costa Rica.

^ Costa Rica (n = 8), Honduras {n = (

221 Chroma Meter, Minolta Corporation)

equipped with a 3.0 mm aperture (Table 2).

The measuring head of the CR-221 uses 45°

circumferential illumination. Light from the

pulsed xenon arc lamp is projected onto the

specimen surface by optical fibers arranged

in a circle around the measurement axis to

provide diffuse, even lighting over the mea-

suring area. Only light reflected perpendic-

ularly from the specimen surface is collect-

ed for color analysis. To reduce measure-

ment variation, I held the aperture flush

with the plumage without depressing the

surface. The default setting for the CR-221
Chroma Meter displays mean values de-

rived from three sequential, in situ mea-

surements. I repeated this procedure twice

(five times for the type of A. bangsi), re-

moving the aperture between trials. Thus,

each datum summarized in Table 2 repre-

sents the mean of 6 (parental species) or 15

(type of A. bangsi) independent colorimet-

ric measurements.

Colorimetric characters are described in

terms of opponent-color coordinates (L, a, b)

as per Hunter & Harold (1987). This system

is based on the hypothesis that signals from

the cone receptors in the human eye are cod-

ed by the brain as light-dark (L), green-red

{+al—a), and blue-yellow {-^b/—b). The ra-

tionale is that a color cannot be perceived as

red and green or as yellow and blue at the

Table 2.—Minima, maxima, and means (± standard deviation) of opponent color coordinates (L, a, b) of

rectrix 1 (Rl) of adult male Amazilia tzacatl, A. rutila, and probable hybrid, A. tzacatl X A. rutila (= type of

Amazilia bangsi Ridgway, 1910; MCZ 116682).

Amazilia tzacatl

in = 15)

Amazilia rutila

(n = 8)
"'Amazilia bangsi^

^

Min. Max. Mean (± SD) Min. Max. Mean (± SD) MCZ 116682

Back L 28.7 35.4 32.9 (± 1.7) 32.8 37.4 35.5 (± 1.6) 35.0

a -10.3 1.1 -3.4 (± 3.1) -3.0 1.0 -1.0 (± 1.5) 1.9

b 16.7 29.5 23.8 (± 3.9) 14.7 21.5 18.1 (± 2.3) 24.7

Abdomen L 35.3 47.7 40.6 (± 3.0) 42.5 49.1 46.8 (± 2.3) 42.6

a -1.2 3.0 1.3 (± 1.5) 5.0 14.6 10.4 (± 2.7) 10.5

b 7.7 18.5 12.3 (± 3.1) 16.5 28.3 24.4 (± 3.5) 23.1
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same time. Therefore "redness" and "green-

ness" can be expressed as a single value a,

which is coded as positive if the color is red

and negative if the color is green. Likewise,

"yellowness" or "blueness" is expressed by

-\-b for yellows and —b for blues. The third

coordinate, L, ranging from to 100, de-

scribes the "lightness" of color; low values

are dark, high values are light. The more

light reflected from the plumage, the higher

the L value will be. Visual systems in hum-
mingbirds (e.g., Goldsmith & Goldsmith

1979) differ significantly from those of hu-

mans, and the relevance of opponent color

coordinates to colors perceived by hum-
mingbirds is unknown. In any case, the L,a,b

color system permits plumage color to be

unambiguously characterized for taxonomic

purposes.

Results and Discussion

I considered three hypotheses proposed

by previous authors: Amazilia bangsi rep-

resents (1) a subdefinitive plumage, color

morph, or geographic variant of Amazilia

rutila or some other species (Simon 1921);

(2) a hybrid, Amazilia tzacatl X Amazilia

rutila (Bangs 1930); or (3) a valid species

(Ridgway 1910). For brevity I use the epi-

thet, bangsi, in the remainder of the paper.

Populations of Amazilia tzacatl and A.

rutila from northwestern Costa Rica are ad-

equately represented in museum collections

(Carriker 1910). I found no evidence that

bangsi represented a subdefinitive plumage,

color morph, or geographic variant of either

of these species or any other taxon. Rather,

all evidence suggests that bangsi represents

an intrageneric hybrid.

The hybrid diagnosis focuses on the

identification of apomorphic character

states in putative hybrids (Graves 1990).

However, complete dominance and poly-

genic inheritance of plumage characters

may preclude or obscure the expression of

parental apomorphies in hybrids. When pa-

rental apomorphies are not identifiable, the

parentage of a hybrid may be indicated, al-

though less conclusively, by the presence or

absence of a suite of plesiomorphic char-

acters. Plumage and soft-part characters of

bangsi that facilitated the identification of

its parental species include: (a) ventral

plumage from chin to undertail coverts pre-

dominately cinnamon-buff (Fig. 1); (b)

feathers along the sides of the throat and

breast spangled with dull pale green sub-

terminal spots; (c) rectrices (R1-R5) dark

rufous tipped with bronze; (d) mandibular

ramphotheca predominately yellowish-

brown (probably reddish-orange or red in

life); and (e) shallowly forked tail (fork

depth — 5.6 mm). Perhaps as informative,

bangsi lacks several conspicuous traits that

are present in some potential parental spe-

cies (Appendix 1): (a) contrasting rump
band; (b) brilliant frontlet or coronal patch;

(c) brilliant gorget; (d) pronounced blue or

violet iridescence on body plumage; (e)

white spots on rectrices; and (f) thickened

rachises of primaries (P8-P10).

The combination of plumage characters

observed in bangsi can be derived from

only a single pair of species

—

A. tzacatl X
A. rutila (see Appendix 2 for comparative

description of plumages). Other pairwise

combinations of species can be eliminated

from consideration because they either lack

characters found in bangsi, or possess one

or more distinctive characters that are not

expressed, even subtly, in bangsi. Colori-

metric values largely corroborate the visual

impression that plumage color of bangsi is

intermediate between that of the postulated

parental species (Table 2, Fig. 2).

I tested the parental hypothesis by ex-

amining size and external proportions (Ta-

ble 1). Measurements of trochiline hybrids

invariably fall within the mensural ranges

exhibited by their parental species as a con-

sequence of a polygenic mode of inheri-

tance (Banks & Johnson 1961; Graves

1990, 1996). Amazilia tzacatl and A. rutila

are very similar in size and the percent dif-

ference in character means is negligible

(larger species divided by smaller): wing

chord (1.2%), bill length (5.7%), Rl



850 PROCEEDINGS OF THE BIOLOGICAL SOCIETY OF WASHINGTON

Fig. L Lateral views of adult males: Amazilia tzacatl (top), A. rutila (bottom), and probable hybrid (middle),

A. tzacatl X A. rutila (= type of Amazilia bangsi Ridgway, 1910; MCZ 116682).

(0.3%), R2 (0.0%), R3 (0.9%), R4 (0.9%),

and R5 (0.6%). Measurements of bangsi

fall within the cumulative range of parental

measurements for six of the seven mea-

surements (the wing chord of bangsi was

0.1 mm longer than the largest value re-

corded for that character in the parental spe-

cies). There have been no well-documented

cases of morphological luxuriance (where

the size of hybrid offspring exceeds that of

the parental species) among avian hybrids

(Graves 1990, 1996). I suspect that the cu-

mulative range of measurements for wing

chord in the parental species would overlap

the hybrid value if the sample size was in-

creased. Had the measurements of bangsi

occurred well outside (e.g., >3% larger) the

range of those of A. tzacatl and A. rutila,

this particular hybrid hypothesis would
have been rejected.

In summary, concordance of results from

analyses of plumage color and external mea-

surements provides strong support for the

hypothesis that bangsi is an intrageneric hy-

brid between A. tzacatl and A. rutila. Ama-
zilia bangsi Ridgway, 1910, is thus available

in taxonomy only for the purposes of hom-
onymy. The parental species are sympatric

from the Yucatan Peninsula (Howell &
Webb 1995) south to northwestern Costa

Rica, particularly in the transition zone be-

tween dry thorn forest and semi-humid for-

est (Underwood 1896, Carriker 1910, Slud

1964, Stiles & Skutch 1989).
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Appendix 1

Species of trochiline hummingbirds that occur reg-

ularly in the Cordillera de Guanacaste and adjacent

lowlands of northwestern Costa Rica (see Underwood

1896, Carriker 1910, Slud 1964, Stiles & Skutch

1989). Taxonomy follows Sibley & Monroe (1990).

Parentheses enclose a representative list of characters

or traits that would probably be expressed in hybrid

progeny of these species, but that do not occur in the

type of Amazilia bangsi Ridgway, 1910 (MCZ
116682): Phaeochroa cuvierii (white spots on R4-R5;

thickened rachises of P8-P10); Campylopterus hemi-

leucurus (purple head and breast; white spots on R3-
R5; thickened rachises of P8-P10); Florisuga melli-

vora (blue head and breast; white collar; R1-R5 white

with black tips); Colibri delphinae (violet auricular

patch); Anthracothorax prevostii (black throat; purple

rectrices); Klais guimeti (violet crown and throat;

white tips on R2-R5); Lophornis helenae (elongated

black head plumes; white rump band); Chlorostilbon

canivetii (black tail); Thalurania colombica (purplish-

black rectrices; violet crown, lower breast, flanks, and

abdomen); Panterpe insignis (brilliant coppery-orange

throat; blue crown; bluish-black rectrices); Hylocharis

eliciae (golden-green tail; blue throat); Amazilia ama-

bilis (bluish-violet upper breast; black rectrices); Ama-

zilia saucerrottei (steel-blue tail); Amazilia cyanura

(blackish-violet rectrices); Amazilia rutila; Amazilia

tzacatl; Eupherusa eximia (white medial vanes of R2-
R5); Elvira cupreiceps (R2-R5 white); Microchera al-

bocoronata (white crown; white vanes on R2—R5;
deep maroon body plumage); Chalybura urochrysia

(bronzy-black rectrices; pale feet in dried skin); Lam-

pornis castaneoventris (brilliant green crown; purple

gorget; bluish-black rectrices); Heliodoxa jacula (bril-

liant green crown; small blue gorget spot; bluish-black

rectrices); Heliothryx barroti (R3-R5 white; violet

crown; white ventral plumage); Heliomaster constantii

(red gorget; white facial stripe; white tips on R3-R5);

Heliomaster longirostris (reddish-violet gorget; white

facial stripe; brilliant bluish-green crown; white tips on

R4-R5); Philodice bryantae (purple gorget; white pec-

toral band; white flank tufts).

Appendix 2

Abridged description of adult male Amazilia tzacatl,

A. rutila, and a probable hybrid, A. tzacatl X A. rutila

(= Amazilia bangsi Ridgway, 1910; MCZ 116682).

The forecrown and crown of tzacatl are dark bronze

becoming dark green on the hind neck, lesser and me-

dian wing coverts, and back, changing to bronzy-green

or bronze on the upper tail coverts. The dorsum of

rutila is similar in color but slightly paler and less

iridescent (particularly on the lower back and rump)

owing to narrow buffy feather margins. The color and

quality of iridescence of the dorsum in bangsi are in-

termediate to those of tzacatl and rutila. The rectrices

(R1-R5) of tzacatl, rutila, and bangsi share a similar

color pattern. Rectrices are chestnut broadly tipped

with bronze in rutila, slightly darker in tzacatl. The

rectrices of bangsi are intermediate in appearance be-

tween those of rutila and tzacatl. Likewise, the greater

wing coverts, secondaries, and primaries of bangsi are

intermediate in appearance between those of the pos-

tulated parental species. Underwing coverts are dark

glossy green in tzacatl, dull green broadly tipped with

buff or rufous in rutila, and intermediate in appearance

in bangsi. Primaries and secondaries of tzacatl, rutila,

and bangsi lack rufous or chestnut pigmentation. Ra-

chises of tzacatl, rutila, and bangsi are unmodified.

The chin, throat, breast, and flanks of tzacatl are

dark green (the throat and upper breast are glowing

golden-green when viewed head-on). Grayish feather

margins on the abdomen become progressively wider

from the sides to the ventral midline; the center of the

abdomen is buffy-gray. Undertail coverts are chestnut

or dark rufous. The ventral plumage of rutila from chin

to undertail coverts is buffy-cinnamon, palest on the

throat (feathers with narrow buffy margins in many

individuals). Ventrally, bangsi is most similar to rutila

but shows the influence of a "green breasted" parental

species, particularly along the sides of the throat and

upper breast where feathers have dull, pale green, sub-

terminal disks which are broadly margined with buff.

Feather of the chin and upper throat of bangsi are cin-

namon-buff margined with very pale buff. Scattered

feathers across the center of the lower throat have

small greenish-bronze subterminal disks. The midline

of the abdomen of bangsi is cinnamomeous as in rutila

but duller with grayish tones. Undertail coverts of

bangsi are intermediate in color but closer to rutila

than to tzacatl. The maxillary and mandibular ram-

photheca of tzacatl, rutila, and bangsi are pale yellow-

ish-brown (red in life) tipped with dark brown or

blackish-brown (20-30% of the bill length).
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A new small-eared shrew of the Cryptotis nigrescens-group from
Colombia (Mammalia: Soricomorpha: Soricidae)

Neal Woodman
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Abstract.—Cryptotis colombiana Woodman & Timm, 1993 previously was
known from few specimens from two isolated regions in the Cordillera Central

and Cordillera Oriental of Colombia. Recent collecting in the northern Cordil-

lera Central and review of older collections from the central Cordillera Oriental

in the vicinity of Bogota yielded additional specimens that permit reevaluation

of the two geographic populations of these small-eared shrews. Morphological

and morphometrical studies indicate that the population inhabiting the Cordil-

lera Oriental represents a distinct, previously unrecognized species that I de-

scribe herein as Cryptotis brachyonyx. Study of 54 specimens of shrews from

the Cordillera Oriental in systematic collections in North America, South

America, and Europe yielded only four specimens of the new species, all col-

lected before 1926. The paucity of modern specimens suggests that C brach-

yonyx may be extremely restricted in distribution, or possibly extinct.

Small-eared shrews of the genus Cryp-

totis occur from eastern North America

south through Central America to the An-

des Mountains of South America. Recent

systematic studies on these shrews gener-

ally partition the species among four infor-

mal, groupings originally defined by Choate

(1970) and modified by Woodman & Timm
(1993, 1999, 2000). Only two of these

groups have members that occur in South

America. The C. nigrescens-gvowp is pri-

marily a Central American group, but with

two species occurring in South America:

Cryptotis mera, along the Panama/Colom-

bia border (Woodman & Timm 1993), and

Cryptotis colombiana, reported from the

Cordillera Central and Cordillera Oriental

of Colombia (Woodman 1996). The C tho-

masi-gYonp is comprised entirely of Andean
species. The C nigrescens-gxou^) and the C
thomasi-group can be distinguished using a

combination of external, cranial, and post-

cranial characters. Two of the more reliable

external characters are the relative size of

the forefeet and length of the foreclaws:

members of the C. thomasi-group tend to

have large forepaws with notably elongate

foreclaws, whereas species in the C ni-

grescens-group have smaller forefeet and

foreclaws.

Cryptotis colombiana Woodman &
Timm, 1993 originally was described from

a single specimen collected in 1950 from

Rio Negrito on the Cordillera Central of

Colombia and now housed in the Field Mu-
seum, Chicago. A second specimen, col-

lected in 1925 from San Juan de Rioseco

on the Cordillera Oriental of Colombia,

subsequently was identified in the collec-

tion of the American Museum of Natural

History, New York. At that time, I (Wood-

man 1996) noted differences between the

two specimens, but indicated that the tax-

onomic significance of this variation was

difficult to interpret based on only two

specimens. Field work during the past few

years in the Cordillera Central by Colom-

bian colleagues has added a number of im-

portant new specimens of C. colombiana

that permit more comprehensive evaluation
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of the characteristics of this species (Wood-

man et al. 2003). However, its presence in

the Cordillera Oriental has continued to be

based on the single American Museum
specimen. Recently, I studied available col-

lections of Colombian shrews from the Cor-

dillera Oriental, among them a series of ten

specimens in The Natural History Museum,
London, and the National Museum of Nat-

ural History, Washington, that were col-

lected from April to November 1895 at or

near La Selva. These specimens include at

least five of the individuals Merriam (1897)

used when he described C. thomasi, the first

valid species of shrew identified from South

America. The pelage of each of the skins is

faded, and most are irregularly and some-

what overly stuffed, obscuring external dif-

ferences. However, among the ten are three

specimens that possess small forepaws,

short claws, and distinctive cranial features

that mark them as members of the C. ni-

grescens-gxoup, rather than C. thomasi.

This conclusion is supported by morpho-

logical and morphometrical characters of

the skull. Additional morphological and

morphometrical analyses of the four speci-

mens from the Cordillera Oriental show
them to be distinct from the population of

C colombiana on the Cordillera Central.

Herein, I describe the population from the

Cordillera Oriental as a new species and re-

port on variation within and between the

two species based on the available speci-

mens from the two Colombian Cordilleras.

Materials and Methods

Regional names, place names, and map
coordinates derive from original collector

tags, field notes, and field catalogs supple-

mented with additions, corrections, and al-

ternative readings based on my review of

published localities, maps, and gazetteers of

Colombia (Paynter & Traylor 1981,

USBGN 1988). Capitalized hfezone names
follow Espinal and Montenegro (1963) and

IGAC (1988). The species synonomy lists

only the first use of published names.

Information from personal correspon-

dence is based on my inspection of original

letters from George O. Child to Oldfield

Thomas [# Df 232/1/55-56] and photocop-

ies of correspondence from Clinton Hart

Merriam to Thomas [# Df 232/1/252-257]

in the Official Archives of The Natural His-

tory Museum, London, and from microfilm

of correspondence from Thomas to Merri-

am in The Bancroft Library, University of

California, Berkeley [BANC Film 1958].

Terminology of dentition and dental

characteristics follows Choate (1970). Cap-

italized color names for pelage hues are

from Ridgway (1912). Pelage coloration

was determined only from museum speci-

mens. All four specimens of the new spe-

cies were collected more than 80 years ago,

and their pelages are faded and do not ac-

curately represent those of live or newly-

captured specimens.

Measurements used in my analyses fol-

low Woodman & Timm (1993, 1999) and

are in mm, weights in g. Abbreviations are

explained in Table 1. External measure-

ments were recorded from skin tags or orig-

inal field notes, except for head-and-body

length, which was calculated by subtracting

length of tail from total length. Measure-

ments of the skull were taken to the nearest

0.1 mm using either an ocular micrometer

in a binocular microscope or a hand-held

dial caliper (for CBL and CB). Univariate

statistics include mean ± SD and total

range. Ratios of measurements were mul-

tiplied by 100 to calculate percentages (Ta-

ble 2). In describing species of Cryptotis, I

compare them primarily with other mem-
bers of the genus, unless stated otherwise.

Comparative terms used for measurements

and ratios reflect this context. A feature of

"moderate" length or width is one whose

mean value for the species falls within the

range of plus or minus one standard devi-

ation {SD) of the mean value for the genus.

A "long" or "wide" feature is one greater

than the mean plus one SD\ a "short" or

"narrow" feature is less than the mean mi-

nus one SD.
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Principal components analysis (PCA) of

a correlation matrix of 16 log-transformed

craniomandibular variables (ZP, lO, M2B,
PL, TR, UTR, MTR, MIW, ML, HCP,

HCV, HAC, ACS, TRM, Lml, BAC—Ta-

ble 3) was used to investigate relationships

in overall shape of the skull among 6 C
colombiana from the Cordillera Central, 6

C. mera, 32 C. thomasi, and 4 individuals

of the new species. I carried out a second

PCA to determine morphometrical relation-

ships between just C. colombiana and the

new species using a correlation matrix of 8

log-transformed cranial variables (ZP, lO,

USB, PL, TR, UTR, MTR, MIW—Table

4). Values of the variable M2B do not over-

lap between the two species (Table 1), and

it was excluded from the second PCA to

determine whether the two samples would

continue to be separated using combina-

tions of other variables.

In my investigations of Cryptotis, I op-

erate under a systematic framework for the

genus outlined previously (Woodman
2002). My comprehension of the biological

species is under the philosophical influence

of the evolutionary species concept as re-

defined by Wiley (1978) and characterized

by Wiley & Mayden (2000). In application,

a species represents the largest monophy-
letic entity whose constituent parts interact,

that maintains its own identity, and that has

an independent evolutionary trajectory

(Frost & Hillis 1990). In practice, I use

unique distributional patterns of morpho-

logical characters among populations to dis-

tinguish individual, presumably genetically-

cohesive groups from other genetically-co-

hesive groups. This application provides

testable hypotheses for additional studies.

Specimens from the following institu-

tions were used in this study: American

Museum of Natural History, New York

(AMNH); Natural History Museum [for-

merly British Museum (Natural History)],

London (BM); Field Museum, Chicago

(FMNH); Instituto de Ciencias Naturales,

Universidad Nacional de Colombia, Bogota

(ICN); University of Kansas Natural His-

tory Museum, Lawrence (KU); Museum of

Comparative Zoology, Cambridge (MCZ);
Museo de la Universidad de Antioquia, Me-
dellin (MUA); Royal Ontario Museum, To-

ronto (ROM); National Museum of Natural

History, Washington (USNM).

Systematic Biology

Cryptotis brachyonyXy new species

Figs. lA, IB, 2, 4A, 5A, 6A

Blarina thomasi Merriam, 1897:227 (in

part).

[Blarina {Cryptotis)^ thomasi: Trouessart,

1904: 1S8 (in part; name combination).

Cryptotis thomasi: O. Thomas, 1921 :S54

(in part; name combination).

Cryptotis avia: Tate, 19S2:226 (in part; not

Cryptotis avia G. M. Allen, 192S).

Cryptotis thomasi thomasi: Cabrera, 1958:

48 (in part; name combination).

Cryptotis colombiana: Woodman, 1996:417

(in part; not Cryptotis colombiana Wood-
man & Timm, 199S).

Holotype.—Dried skin (Fig. 1) and skull

(Fig. 2) of adult male, BM number
99. 10. S. 2, collected by an unnamed worker

for George O. Child of Bogota, Colombia,

on 19 October 1895; purchased from G. O.

Child and presented to the British Museum
(Natural History) by Oldfield Thomas. Skin

in fair to good condition: all fur present,

faded; 2 small holes near right cheek; left

hind foot sewn on; other feet loosely at-

tached. Skull in good condition: slight dam-

age to orbital areas; small crack running

dorsally from foramen magnum; mandibles

separate; both angular processes intact. Of
standard external field measurements, only

length of hind foot (= 12 mm) was record-

ed on the skin tag, and this measurement

probably was taken from the dried skin.

Type locality.—COLOMBIA: Depart-

ment of Cundinamarca: "La Selva, near

Bogota." La Selva was the name of George

O. Child's estate on the Plains of Bogota,

the altitude of which he estimated as ap-

proximately 8900 feet (G. O. Child, in litt.



External measurements:

n^l n = 4

Head-and-body length (HB)

69 ± 2 65 ± 7

66-73 60-76

Tail length (TL)

27 ± 2 30 ± 3

24-31 27-34

Skull measurements:

n ^ 6^ « = 6^

Condylobasal length (CBL)

18.3 ± 0.4 19.6 ± 0.3

17.7-18.7 19.4-20.1

(n = 5)

Cranial breadth (CB)

9.4 ± 0.3 9.7 ± 0.4

9.1-9.8 9.2-10.0
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Table 1.—Measurements of selected Cryptotis from Colombia. Statistics are mean ± SD, and range. Mea-

surements follow Woodman & Timm (1993).

C. mera C. colombiana C. brachyonyx C. thomasi

n = n = 12

— 87 ± 6

74-96

— 24 ± 2

20-27

n = 4^ « = 17^

21.7 ± 0.5

20.7-22.6

10.5 ± 0.2

10.2-10.9

(n = 13)

Breath of zygomatic plate (ZP)

2.0 ± 0.1 2.0 ± 0.1 1.9 ± 0.1 2.0 ± 0.2

1.9-2.2 1.8-2.1 1.7-2.0 1.7-2.4

Interorbital breadth (lO)

4.5 ± 0.2 4.8 ± 0.1 4.9 ± 0.2 5.0 ± 0.2

4.3-4.7 4.7-4.9 4.6-5.0 4.6-5.2

Breadth across first unicuspids (UIB)

2.5 ± 0.1 2.7 ± 0.05 2.6 ± 0.1 2.7 ± 0.1

2.4-2.6 2.6-2.7 2.5-2.6 2.6-2.9

Breadth across third unicuspids (U3B)

2.9 ± 0.1 3.1 ± 0.1

2.7-3.0 2.9-3.2

Breadth across second molars (M2B)

5.6 ± 0.1 6.2 ± 0.2

5.5-5.8 6.0-6.4

Palatal length (PL)

7.8 ± 0.1 8.7 ± 0.3

7.6-7.8 8.1-9.0

Length of upper toothrow (TR)

7.1 ± 0.1 7.6 ± 0.2

6.9-7.2 7.3-7.8

Length of unicuspid toothrow (UTR)

2.4 ± 0.1 2.5 ± 0.1

2.3-2.5 2.4-2.6

Length of molariform toothrow (MTR)

5.1 ± 0.1 5.5 ± 0.2

5.1-5.2 5.3-5.8

20.4 ± 0.1

20.3--20.4

(n --= 3)

9.7

(n --= 1)

1.9 ± 0.1

1.7--2.0

4.9 ± 0.2

4.6--5.0

2.6 ± 0.1

2.5--2.6

(n --= 3)

3.0 ± 0.05

2.9--3.0

5.8 ± 0.1

5.7--5.9

8.6 ± 0.2

8.3--8.8

7.6 ± 0.3

7.3--7.9

2.5 ± 0.1

2.4--2.5

5.5 ± 0.2

5.3--5.7

3.1 ± 0.1

2.9--3.2

6.2 ± 0.2

5.8--6.5

9.4 ± 0.2

8.8--9.8

8.2 ± 0.3

7.7--8.7

2.8 ± 0.2

2.4--3.0

5.8 ± 0.1

5.5--6.0
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Table 1.—Continued.

C. mera C. coloinbiunu C. hnicliYoinx C. rhoimisi

Posterior width of first upper molar (M 1W)
1.8 ± 0.05 2.0 ± 0.1

1.8-1.9 1.9-2.0

Length of mandible (ML)

5.9 ± 0.4 6.7 ± 0.2

5.2-6.2 6.3-7.0

Height of coronoid process (HCP)

4.5 ± 0.1 4.6 ± 0.2

4.3^.6 4.3^.7

Height of coronoid valley (HCV)

2.7 ± 0.1 2.8 ± 0.2

2.6-2.8 2.5-3.0

Height of articular condyle (HAC)

3.8 ± 0.1 3.8 ± 0.2

3.6-3.8 3.6-^.2

Breadth of articular condyle (BAC)

3.0 ± 0.1 3.2 ± 0.2

2.9-3.1 3.0-3.4

icular condyle to m3 (AC3)

4.4 ± 0.1 4.9 ± 0.1

4.3^.6 4.6-5.0

igth of lower toothrow (TRM)

5.5 ± 0.1 5.9 ± 0.2

5.4-5.7 - 5.6-6.3

igth of lower toothrow (Ml 3)

4.3 ± 0.1 4.6 ± 0.1

4.1-4.4 4.5-4.8

(n = 4)

Length of first lower molar (Lml)

1.8 ± 0.1 1.9 ± 0.1

1.7-1.8 1.8-1.9

Weight (g):

1.8 ± 0.5 1.9 ± 0.1

1.8-1.9 1.8-2.1

6.8 ± 0.3 7.0 ± 0.2

6.4-7.0 6.6-7.4

4.6 ± 0.1 4.7 ± 0.1

4.5^.7 4.5^.9

2.8 ± 0.05 3.1 ± 0.1

2.8-2.9 2.9-3.3

3.9 ± 0.1 4.3 ± 0.1

3.8-4.1 4.1-4.6

3.1 ± 0.2 3.6 ± 0.2

3.0-3.4 3.4-^.1

5.0 ± 0.1 5.7 ± 0.3

4.9-5.1 5.0-6.0

6.0 ± 0.2 6.4 ± 0.2

5.7-6.2 6.1-6.7

4.5 ± 0.1 4.7 ± 0.2

4.3^.5 4.2-5.1

(n = 17)

1.8 ± 0.1 1.9 ± 0.1

1.7-1.8 1.7-2.0

10, 10

(n = 2)

Except as noted.

13 July 1895). Merriam (1897) gave the el-

evation of La Selva as 9000 ft. This slightly

higher elevation probably was based on in-

formation in a letter to him from Thomas
(quoted below).

Paratypes (2).—COLOMBIA: Cundina-

marca: Plains of Bogota (USNM 80905;

"topotype" [of C. thomasi] written on tag);

La Selva, near Bogota (BMNH 99.10.3.3).

Referred specimen (1).—COLOMBIA:
Cundinamarca: San Juan de Rioseco

(AMNH 70597).

Etymology.—Greek: brachys (short) +
onyx (claw), hence "short claw;" a noun in

apposition.

Distribution.—Presumably Premontane

Moist Forest, Premontane Wet Forest, Low-
er Montane Moist Forest, Montane Moist
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Table 2.—Characters of selected Colombian Cryptotis.

C. mera
(n = 7)"

C. colombiana
(n = 1Y

C. brachyonyx
(n = 4)

'
C. thomasi

in = 39r

8% (minute)

{n =
:38)

3% two

15% one

82% none

Foramen of sinus canal present

0% 0%
(n = 5)

Foramen dorsal to dorsal articular facet present

71% two

14% one

14% none

Two dorsal foramina present

71%

43% two

14% one

43% none

86%

0%

25% two

50% one

25% none

100% 79%

Petromastoid foramen present one or both petromastoids

14% (med-lg) 100%

in = 5)

Postero-lingual cuspules on cingulae of Ul-3

17% absent

83% minute

(n = 6)

Size of U4 (% of U3)

54 ± 10.0%

40-66

(n = 6)

Emargination of posterior borders of P4, Ml

V. slight to slight v. slight to slight

Complexity of M3
100% simple 86% simple

14% complex

Lower sigmoid notch

V. shallow to shallow shallow

Entoconid of m3 present

100%

100% minute

100% obvious

(n = 4)

42 ± 13% 40 ± 7%
32-61 31-48

(n = 5)

100%
(n = 35)

16% absent

62% minute

22% obvious

(n = 32)

48 ± 9%
22-64

(n = 35)

V. slight to slight

100% complex

V. slight to mod. deep

50% simple

50% complex

(n = 28)

V. shallow to mod. deep v. shallow to mod. deep

29% minute 100% minute

71% absent 100% absent

Mensural characters:

« = 6" n = 6^ n = 4^

Relative tail length (TL/HB X 100)

39 ± 4 47 ± 9 —
34-46 36-57

(n = 7) (n = 4)

Relative length of rostrum (PL/CBL X 100)

42.2 ± 1.1 43.8 ± 1.5 42.9 ± 0.6

41.3-44.1) 41.8-46.2 42.2^3.4

(n = 5) (n = 3)

Relative breadth of zygomatic plate (ZP/PL X 100)

26.0 ± 1.3 22.7 ± 0.8 21.7 ± 1.1

24.7-28.2 22.1-24.1 20.5-23.3

11% obvious

32% minute

57% absent

(n = 28)

n = 17^

28 ± 3

21-36

(n = 22)

43.2 ± 0.5

42.4^4.0

21.2 ± 1.5

18.7-24.7
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Table 2.—Continued.

C. mera
{n = 7)-

C. colombiana
(n = ir

C. brachyomx
(n = 4)

C. thomasi
(n = 39)-

Relative breadth of zygomatic plate (ZP/CBL X 100)

11.0 ± 0.7 9.9 ± 0.5

10.3-12.1 9.3-10.5

in = 5)

Breadth of interorbital area (lO/CBL)

24.8 ± 0.6 24.5 ± 0.4

24.3-25.8 23.9-25.1

(« = 5)

Relative length of unicuspid toothrow (UTR/CBL X 100)

13.3 ± 0.4 12.7 ± 0.4

12.6-13.6 12.0-13.2

in = 5)

Relative palatal breadth (M2B/PL X 100)

72.7 ± 2.2 71.2 ± 2.2

70.5-76.3 69.0-75.3

Relative height of coronoid process (HCP/ML X 100)

76.3 ± 4.8 68.3 ± 1.9

71.0-82.7 65.7-71.2

Relative length of posterior portion of the mandible (AC3/ML X 1 00)

75.5 ± 5.7 73.1 ± 2.0 74.1 ± 2.2

68.4-82.7 70.0-75.8 71.4-76.6

Relative length of posterior portion of the mandible (AC3/HCP X 100)

98.9 ± 2.3 107.0 ± 2.7 109.3 ± 1.2

95.7-102.2 - 104.3-111.4 108.5-111.1

9.5 ± 0.3

9.3--9.8

in =
:3)

24.4 ± 0.3

24.0--24.6

in =
:3)

12.1 ± 0.3

11.8--12.3

in = :3)

67.0 ± 2.0

64.8--68.7

67.8 ± 2.6

64.3--70.3

9.2 ± 0.6

7.8-10.6

23.1 ± 0.^

21.0-24.6

13.0 ± 0.6

11.6-14.0

66.6 ± 2.6

60.8-70.5

66.1 ± 1.9

63.4-70.6

81.0 ± 3.4

71.4-86.8

122.5 ± 4.7

111.1-128.9

Except as noted.

Forest, and Montane Wet Forest life zones

on the Cordillera Oriental in central and

eastern Cundinamarca Dept., Colombia
(Fig. 3); known elevational distribution, ca.

1300-2715 m.

Diagnosis.—A small- to medium-sized

Cryptotis with a moderately long tail, long

dorsal pelage, small forepaws, and short

foreclaws. Typically two large dorsal for-

amina; no lateral branch of the sinus canal

or associated foramen; a large foramen on

postero-medial edge of tympanic process of

each petromastoid. Interorbital area broad;

rostrum, zygomatic plate, and palate of

moderate breadth. Dentition bulbous; U4
large, but not visible in lateral view; teeth

moderately pigmented, with distinct color

in protoconal basins (and occasionally pale

pigmentation in hypoconal basin) of P4 and

Ml-2; posterior borders of P4 and Ml-2

only slightly recessed; anterior and poste-

rior elements of ectoloph of Ml about

equal; M3 complex. Coronoid process mod-
erately high, joins horizontal ramus at a

high angle; posterior mandible short; artic-

ular process low and broad; inferior sig-

moid notch variably shallow; p3 short and

high; minute entoconid on m3.

Description.—A small- to medium-sized

Cryptotis. Tail moderately long (Fig. 1;

there are no external measurements, except

length of hind foot, recorded for any of the

four specimens). Forepaws and foreclaws

small (Fig. 4), similar in proportions to

those of C. nigrescens and other members
of the C. nigrescens-group. Dorsal fur typ-

ically 5-6 mm long, individual hairs up to

7 mm. Dorsal pelage of the four available
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Table 3.—Factor loadings for the first three factor axes from principal components analysis (PCA) of 18 cranial

measurements from Cryptotis colombiana, C. mera, C. brachyonyx, and C. thomasi. Variables are listed in de-

scending order by their loadings on the second axis. Abbreviations of measurements are explained in Table 1.

Correlations

Variable PCI PC2 PC3

ZP -0.060 0.210 -0.610

lO -0.238 0.202 -0.081

M2B -0.245 0.406 0.079

PL -0.298 -0.088 0.058

TR -0.298 -0.077 0.082

UTR -0.264 -0.133 0.070

MTR -0.293 0.128 0.073

MIW -0.136 0.647 -0.107

LM -0.277 -0.015 -0.037

HCP -0.197 -0.068 -0.057

HCV -0.276 -0.174 -0.156

HAC -0.265 -0.288 -0.022

AC3 -0.291 -0.224 -0.014

TRM -0.291 -0.009 0.158

Lml -0.161 0.303 0.443

BAC -0.265 -0.153 0.106

Eigenvalue: 10.183 1.308 1.143

Proportion of variation explained: 0.636 0.082 0.071

Specimens Chestnut Brown to Front's

Brown to Mummy Brown; venter Olive

Brown to Buffy Brown to Hair Brown; dor-

sal and ventral hairs 2-banded, with gray

base and mid-section and ca. 1 mm brown-

ish distal tip. [Pelage of these skins is fad-

ed; live C brachyonyx probably have a

darker pelage, possibly similar to that of C.

colombiana (see Comparisons, below).]

Two obvious dorsal foramina present

along the suture between the frontals

(100%; Table 2); generally about equal in

size (75%). Typically lacking lateral branch

of sinus canal and associated foramen (see

Woodman & Timm 1999) posterior to the

dorsal articular facet (100%). A minute fo-

ramen often present dorsal to one (50%) or

both (25%) dorsal articular facets. Large,

obvious foramen on the postero-medial

edge of the tympanic process of both petro-

Table 4.—Factor loadings for the first three factor axes from principal components analysis (PCA) of 8 cranial

measurements from Cryptotis colombiana and C. brachyonyx. Variables are listed in descending order by their

loadings on the second axis. Abbreviations of measurements are explained in Table 1.

Correlations

Variable PCI PC2 PC3

U3B -0.246 0.533 0.075

UTR -0.140 0.506 -0.695

MIW -0.231 0.478 0.526

ZP -0.404 -0.006 0.347

PL -0.449 -0.034 -0.1.08

MTR -0.429 -0.093 -0.059

TR -0.417 -0.242 -0.310

lO -0.379 -0.404 0.054

Eigenvalue: 4.1890 1.3537 0.9006

Proportion of variation explained: 0.524 0.169 0.113
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Fig. 1. Dried skins of C. brachyonyx (A: BM 99.10.3.2—holotype; B: USNM 80905) and C. thomasi (C:

USNM 80904; D: USNM 80903). The smaller body size and shorter length of tail in C. brachyonyx are per-

ceptible despite the irregular preparation.

mastoids (100%); foramen not as large as

in C. thomasi or C. colombiana; positioned

more medially than in either of those spe-

cies. Rostrum of moderate length (PL/CBL
= 42.9%). Interorbital area broad (lO/CBL
= 24.4%). Zygomatic plate of moderate

breadth in proportion to CBL (9.5%) and

PL (21.7%); anterior border of zygomatic

plate at posterior mesostyle-metastyle val-

ley to metastyle of Ml; posterior border

from parastyle to posterior half of M3, and

from posterior one-half to posterior edge of

maxillary process. Palate of moderate

breadth for the genus (M2B/PL = 67.0%).

Anterior process of petromastoid variable in

size.

Dentition bulbous. Teeth moderately pig-

mented: medium red to dark red on tips of

cones, styles, and cristae; pale to medium
pigment typically extends into protoconal

basins of Ml and M2; very pale pigment

only occasionally in hypoconal basins.

Short, somewhat crowded unicuspid tooth-

row (UTR/CBL = 12.1%); U4 mostly ob-

scured by U3 and P4 in lateral view of skull

(100%; Fig. 5). Ul-3 broad in lateral view

and straight to convex on posteroventral

margin. Cuspules on posterolingual cingu-

lum of Ul-3 typically absent to minute; this

region of these unicuspids typically pig-

mented. U4 large, averaging ca. 40% of the

surface area of U3 (Fig. 6). Posterior borders
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Fig. 2. Skull of the holotype of Cryptotis brachyonyx (BM 99.10.3.2): (A) dorsal view of cranium; (B)

ventral view of cranium; (C) lateral view of cranium and mandible; and (D) posterior view of articular process

of the mandible.
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Fig. 3. Map of the northern Andes showing the distributions of Cryptotis brachyonyx, C. colombiana, C.

mera, and C. thomasi. The 1000 m contour is shown.

of P4, Ml, M2 only slightly recessed. An-

terior element of ectoloph of Ml approxi-

mately equal in length to posterior element;

protoconal basin of Ml about equal in size

to hypoconal basin. M3 appears moderately

complex, partly resulting from the presence

of a small, but distinct hypocone that squares

off the labial border of the tooth and from

the relatively extensive pigmentation; par-

astyle, paracrista, paracone, and precentro-

crista w^ell-developed and pigmented; me-

sostyle, postcentrocrista, and metacone re-

duced, but pigmented and obvious; proto-

cone pigmented and obvious; hypocone

present, but reduced and unpigmented.

Anterior border of coronoid process of

mandible joins horizontal ramus at a rela-

tively high angle; coronoid process mod-
erately high (HCP/LM = 67.8%). Inferior

sigmoid notch variably shallow to moder-

ately deep. Posterior mandible behind m3
short (AC3/ML = 74.1%). Articular pro-

cess relatively low and broad. Third lower

premolar nearly as high as it is long. Mi-

nute, uncolored, but distinct entoconid pre-

sent (100%) on talonid of m3.
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1 mm

Fig. 4. Ventral views of left forepaws of (A) Cryptotis brachyonyx (BM 99.10.3.2) and (B) C. thomasi (BM
99.10.3.4), both from La Selva, Colombia.

Postcranial skeleton unknown.

Comparisons.—Cryptotis colombiana:

Externally, C brachyonyx and C colombi-

ana may be difficult to distinguish. Based

on cranial dimensions, C brachyonyx is

generally close in size to C colombiana

(e.g., see Multivariate Analyses, below),

both appear to have a moderately-long tail,

and both may have dark pelage. The orig-

inal description of the pelage of C. colom-

biana (dorsum Olive Brown to Fuscous;

ventrum Buffy Brown to Hair Brown

—

Woodman & Timm 1993) was based solely

on the faded holotype. Study of a more re-

cently-collected specimen (MUA 62) indi-

cates that the pelage is closer to Sooty

Black to Chaetura Black dorsally, with a

Dark Olive Gray to Chaetura Black venter.

Dorsal and ventral hairs have a medium-

gray base and middle, with a ca. 1 mm
dark-brown to black tip. However, the two

species are easily distinguished cranially: C
brachyonyx has a smaller and more medi-

ally located foramen on the tympanic pro-

cess of the petromastoid; relatively and ab-

solutely narrower palate; darker, more ex-
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Fig. 5. Lateral view of upper first incisor and uni-

cuspids: (A) C. brachyonyx (USNM 80905); (B) C.

colombiana (MUA 62); (C, D) Cryptotis thomasi (KU
157765, FMNH 71030). Arrows point to (a) curvature

of posteroventral margin of Ul and (b) visible U4.

tensively pigmented dentition, with pigment

more completely coloring protoconal basins

of Ml-2 and hypocone of Ml; narrower

upper dentition; larger and more complex

M3, resulting from more strongly pigment-

ed protocone, better developed (but unco-

lored) hypocone, and better developed and

pigmented postcentrocrista and metastyle;

minute entoconid in talonid of m3.

Cryptotis mera: Cryptotis brachyonyx is

absolutely larger in many cranial dimen-

sions, and it possesses a large, obvious fo-

ramen on the tympanic process of the pe-

tromastoid; relatively shorter zygomatic

plate (Table 2); relatively narrower palate;

more extensively pigmented dentition, with

darker pigment more completely filling pro-

toconal basins of Ml-2 and coloring hy-

pocone of M 1 ; relatively shorter unicuspid

toothrow; smaller average U4; more com-

plex M3 possessing a small hypocone,

strongly pigmented protocone, and more
distinct postcentrocrista and metastyle; rel-

atively lower coronoid process; minute en-

toconid more commonly present in talonid

of m3.

Cryptotis thomasi-group: Like other

members of the C. nigrescens-group, C.

brachyonyx has noticeably smaller forefeet

and shorter foreclaws; Ul—3 typically are

relatively broad and conical in lateral view

of the skull, with a straight or convex pos-

teroventral margin (Fig. 5); the anterior el-

ement of ectoloph of Ml is approximately

equal in size to the posterior element; the

anterior border of the coronoid process of

the mandible joins the horizontal ramus at

a relatively high angle; the articular process

is relatively low and broad.

Cryptotis thomasi: This is the only spe-

cies of shrew with which C brachyonyx

may be sympatric. In addition to the char-

acters that separate it from members of the

C thomasi-group in general, Cryptotis

brachyonyx can be separated by its smaller

body size and longer tail. Cranially, C
brachyonyx has a smaller and more medi-

ally located foramen on the tympanic pro-

cess of the petromastoid; smaller average
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B

1 mm

Fig. 6. Occlusal view of upper unicuspids: (A) C. brachyonyx (USNM 80905); (B) C. colombiana (MUA
62); and (C) Cryptotis thomasi (USNM 80906).

U4; less emarginate posterior borders of P4,

Ml, and M2; relatively shorter posterior

portion of the mandible (AC3); minute en-

toconid more commonly present on talonid

of m3.

Results of multivariate analysis.—Prin-

cipal components analyses (PCA) of cran-

iomandibular variables measured from C.

brachyonyx, C. colombiana, C. mera, and

C thomasi strongly support the distinctive-

ness of C. brachyonyx. The first analysis,

which incorporated all four species, showed

greatest separation among groups on factor

axes 1 and 2. When factor scores on these

two axes are plotted, individuals of the four

species form four distinct groups of points

(Fig. 7). Along the first factor axis, inter-

preted as size (Table 3), the species sepa-

rated into three size groupings with mini-

mal overlap. Specimens of C. thomasi com-
prise the largest individuals, and those of

C. mera the smallest. Individuals of C.

brachyonyx and C. colombiana, which
overlap nearly completely along this axis,

form a single group of intermediate size.

The largest C. colombiana and the smallest

C. thomasi also overlap along this axis.

Along the second factor axis, which is in-

terpreted as representing width of palate

(M2B) and width of dentition (WMl—see

Table 3), the groupings of individuals of C.

colombiana and C. brachyonyx separate

without overlap.

A second PCA incorporating cranial var-

iables from just C. colombiana and C.

brachyonyx (Fig. 8) again shows nearly

complete overlap along the first factor axis,

interpreted as overall size of the cranium

(Table 4). However, the two species segre-

gate completely along the second factor

axis, which represents the combined effects

of variables that include lO, U3B, UTR,
and WMl (Table 4). The variable M2B was

specifically excluded from this analysis to

assess whether the two species could be

separated using other variables. The lack of

intersection between the scatters defined by

the two samples is notable, because over-
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laps in multivariate space are common
among species within the Cryptotis nigres-

c^n5-group, even those that are geographi-

cal neighbors (Woodman & Timm 1993,

Woodman 2000).

Discussion

The histories of the original specimens of

C. brachyonyx and C. thomasi are closely

associated. At least one of the specimens

that Merriam (1897) used to name C. tho-

masi is now known to be of C. brachyonyx,

indicating that since its original description,

C. thomasi has been polytypic in content.

This seeming oversight partly reflects an

understandable ignorance at that time of the

quality and extent of variation within and

among species of small-eared shrews. It

also can be attributed to the poor quality of

preparation of the specimens, a point noted

by Thomas in a letter to Merriam (see be-

low).

In his paper naming C. thomasi, Merriam

(1897:227) wrote: "For the opportunity to

describe this very interesting shrew I am
indebted to Mr Oldfield Thomas, Curator

of Mammals in the British Museum, who
sent me seven specimens from the type lo-

cality. Heretofore the genus Blarina has not

been recorded from any point south of Cos-

ta Rica; hence the discovery of the present

species in South America is of unusual in-

terest." The seven specimens sent to Mer-

riam were from a collection of shrews that

eventually numbered at least ten skins

(eight with accompanying skulls) collected

at or near La Selva for George O. Child in

1 895 and purchased by Oldfield Thomas for

the BM (Table 5). Six of these specimens,

including the holotype of C. thomasi, cur-
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rently are in BM and four are in the USNM,
the result of an ongoing exchange of spec-

imens between Thomas and Merriam. In his

letter to Merriam regarding these speci-

mens, Thomas (in litt. 25 December 1895)

wrote:

I am sending you 6 or 7 Blarinas from Bogota,

a long way south of any locality that I expect you

know of. We have had an odd specimen from there

since about 1845 but it has never been named, &
this lot have just come in to me personally. It is sad

that they are such awful skins, but they are made

by natives, & one must be thankful for the perfect

Table 5.—Specimens of shrews collected for G. O. Child from near the type locality of C. brachyonyx and

C. thomasi. Specimens are listed in order by date. All specimens with dates were collected in the year 1895.

Abbreviations and symbols: SS—skin and skull; SO—skin only; *—holotype.

Museum number Species Tag locality Date Preparation

USNM 80904 C. thomasi Plains of Bogota 5 April SO
USNM 80905 C. brachyonyx Plains of Bogota 5 April SS

USNM 80906 c. thomasi La Selva 6 Aug. SS

USNM 80903 c. thomasi La Selva 9 Aug. SS

BM 99.10.3.3 c. brachyonyx Le Selva, near Bogota 10 Aug. SS

BM 97.5.21.2* c. thomasi G. Child's Estate, Plains of Bogota 14 Sept. SS

BM 99.10.31 c. thomasi Boqueron, near Bogota 24 Sept. SS

BM 99.10.3.2* c. brachyonyx La Selva, near Bogota 10 Oct. SS

BM 99.10.3.4 c. thomasi La Selva, near Bogota 1 Nov. SS

BM no number

(GDC #311) c thomasi Bogota (Child) no date so
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skulls & exact localities. A dozen more are likely

to come to me, so I will give you all these except

one, the best, which you shall select for me, & re-

turn with your determination upon it, of course if

new, & you would kindly describe it I would ask

you to make that one the type.

"Plains of Bogota" means an estate some few

miles out of the town, at an altitude of about 9000

feet. The other places are all about the Bogota dis-

trict.

The material is so poor compared to what you

are accustomed to that you may despise it, & not

care to work it out. I have kept then back some here

hoping to get your paper on the genus, but I am
now going away for a long holiday on account of

my health, & prefer to send them you before I go.

There is a discrepancy between the num-
bers of specimens noted by both Thomas
and Merriam and the current number of

specimens available. Although Thomas
clearly noted sending Merriam up to seven

specimens (with permission to keep all but

one), and, based on Merriam's (1897) report

all seven arrived, only four specimens ever

were catalogued in the collection of the

USNM. The difference does not result from

counting skins and skulls separately, be-

cause the four USNM specimens and the

holotype in the BM include five skins and

four skulls, which would yield nine speci-

mens. There is no evidence that any speci-

mens from Child were exchanged by either

BM or USNM with any other collections in

North America or Europe. One possibility

is that Merriam returned to Thomas two

specimens in addition to the holotype, in

which case, the remaining specimens may
be among those in the BM. Unfortunately,

I have yet to find correspondence that men-

tions the return of the holotype to Thomas.

Alternatively, some of specimens may have

been lost or discarded prior to cataloging in

either collection.

That there may at one time have been

even more specimens is suggested by

Thomas in his letter to Merriam, when he

noted, "a dozen more are likely to come to

me. . .
." This statement probably was

based on a letter from Child to Thomas (in

litt. 7 Nov. 1895), in which Child wrote, 'T

have got already some 12 shrews ready for

you and some 20 bats." What happened to

all of these specimens is not known. I have

been able to trace only the 10 specimens

now in the BM and USNM (Table 5).

The AMNH specimen of C. brachyonyx

and one of the AMNH specimens of C. tho-

masi at one time were identified as the only

other known specimens of Cryptotis avia G.

M. Allen, 1923 (Tate 1932). Cryptotis avia

originally was described on the basis of a

single specimen, a dried skin with skull

(MCZ 20091), collected by Niceforo Maria

at El Verjon on the Cordillera Oriental in

1922. Although the holotype is a small in-

dividual based on both the external mea-

surements from the dried skin reported by

G. M. Allen (1923) and my cranial mea-

surements, in my opinion it is conspecific

with specimens of C. thomasi (AMNH
62789, 62790; MCZ 19995) taken by the

same collector from the type locality of C.

avia in March and October 1922 and with

specimens of C thomasi from elsewhere

(Woodman 1996). The name C. avia is

therefore a junior synonym of C. thomasi

and not applicable to C. brachyonyx. The
previous confusion of the AMNH specimen

of C. brachyonyx with C. avia is under-

standable, because the crania of both spec-

imens are incomplete (Woodman 1996) and

because, for some time, the mandibles of

the two specimens had been interchanged.

Both conditions served to obscure some of

the characteristics important for distin-

guishing the two taxa.

As noted by Merriam (1897), C thomasi

was the first species of that genus (at that

time a subgenus of Blarina) described from

south of Costa Rica. It also represents the

first valid species of the family Soricidae or

of the order (Insectivora or Soricomorpha)

from South America. Several species pre-

viously had been interpreted as South

American shrews, although all were deter-

mined eventually to be otherwise. These er-

roneous soricids included Miis araneus

Marggraf, 1648, and Musaraneus brasilien-

sis Brisson, 1762, both based on specimens

of the didelphid marsupial Monodelphis
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from Brazil fin any case, Marggrafs names

are pre-Linnaean, and Brisson's names gen-

erally are considered unavailable (Hop-

wood 1947)J. Two species from Surinam,

Sorex surinamensis Gmelin, 1789 and Blar-

ina pyrrhonota Jentinck, 1910 (first men-

tioned, but not described, by Jentinck

1888), were based on specimens of Euro-

pean Sorex araneus mistakenly purported to

hail from South America (Husson 1963,

Hutterer 1993).

It is reasonable to presume that the spec-

imens collected for George Child in 1895

may have been the first specimens of true

shrews collected in South America. How-
ever, as noted by Thomas in his correspon-

dence to Merriam, there is one other spec-

imen in the BM (number 54. 1 . 1 1 .4)—

a

skull of C thomasi without skin from

"New Grenada" that had been "purchased

of Mr. S. Stevens." Based on the catalog

number, this specimen must have been col-

lected in 1854 or earlier, and Thomas (in

litt. 25 Dec. 1895) noted that it had been in

the possession of the BM "since about

1845," making it the first verifiable speci-

men of a shrew from South America.

My inspection of 54 specimens of shrews

from the Cordillera Oriental in Cundina-

marca Department, Colombia, that are

available in systematic collections has

yielded only four specimens of C. brachy-

onyx, all of which were collected either in

1895 or in 1925. The remainder are all C
thomasi. Cryptotls brachyonyx represents

30% of the ten existing specimens collected

from near La Selva in 1895. The four spec-

imens of C. brachyonyx comprise 13% of

26 shrews collected in this region through

1931. Among 24 specimens collected since

1950, all are C. thomasi; there are no spec-

imens of C brachyonyx. The overall scar-

city of C. brachyonyx and its absence in

later collections may reflect a species re-

stricted to habitats that have not been ade-

quately sampled since the 192()s and that

have shrunken dramatically in size or dis-

appeared in the region surrounding the type

locality as a result of agriculture and urban

development. Alternatively, it is possible

that the species may be extinct, but previ-

ous experience with the history of collect-

ing C colombiana (Woodman et al. 2003)

suggests that this is unlikely and new spec-

imens will begin to be collected. However,

intensive surveys in the Cordillera Oriental

using appropriate methods will be required

to elucidate the modern geographic and

ecological distributions of C brachyonyx.
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Appendix: Specimens Examined

Specimens marked with an asterisk (*) in the fol-

lowinu listings are cranial remains recovered from owl
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pellets. Specimens marked with an asterisk and in

brackets are mandibles from owl pellets.

Cryptotis brachyonyx (4).—COLOMBIA: Cundi-

namarca: San Juan de Rioseco (AMNH 70597); La

Selva, near Bogota (BM 99.10.3.2—holotype,

99.10.3.3); Plains of Bogota (USNM 80905).

Cryptotis colombiana (14).—COLOMBIA: Antio-

quia: Corregimiento San Antonio de Prado, 2100-

2800 m (MUA 060, 062); Finca Campiiio, Alto de San

Miguel, 2000 m (KU 157761); Reserva Ecologica Alto

de San Miguel, 2150 m (MUA 12009, 12010*, 1201 1*

[MUA 12012*, 12013*]); Vereda San Francisco, 2750

m (KU 157762*, MUA 12005* [MUA 12007*,

12008*]); Rio Negrito, 15 km E of Sonson, 1750 m
(FMNH 69816—holotype); Finca Los Sauces, 2150 m
(MUA 12001).

Cryptotis mera (7).—PANAMA: Darien: Cerro Ta-

carcuna, 4800 ft (USNM 337967-337969); Cerro

Mall, 4700 ft (USNM 337966); Mount Pirri [Cerro Pir-

re], E slope near head of Rio Limon, 4500-5000 ft

(USNM 178974-178976—including holotype).

Cryptotis thomasi (50).—COLOMBIA: [no specific

locality] (BM 54.1.11.4; MCZ 27596). Cundinamarca:

Represa del Neusa (ICN 9659); Bogota (AMNH
34605); Plains of Bogota (USNM 80904); Paramo de

Bogota, 2900 m (AMNH 37381; MNHN 1962-1068);

La Selva [G. O. Child's Estate], near Bogota, (BM
97.5.21.2—holotype, 99.10.3.4, BM no number [GDC
#311]; USNM 80903, 80906); Boqueron, near Bogota

(BM 99.10.3.1); Paramo de Monserrate, 3200-3300 m
(ICN 9649, 9650, 9652, 9658; ROM 51870); San Fran-

cisco, 3000-3500 m (AMNH 71354, 71355; FMNH
71023, 71024, 71025, 71026, 71027, 71028, 71029,

71035); San Cristobal, 2800-2900 m (FMNH 71030,

71031, 71032, 71033, 71034, 71036, 71037); Reserva

Biologica Carpanta, 3000 m (ICN 10995, KU 157765);

Paramo de Choachi, 3000 m, (AMNH 38405, MCZ
19885, 20090, 20092, 27597, 27598); Paramo el Ver-

jon (AMNH 62789, 62790, MCZ 19995, 20091—ho-
lotype of C. avia)\ Chipaque (USNM 251960); Fusa-

gasuga (MCZ 27599); Paramo de Chisaca, 3100 m
(ICN 5223).
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Abstract.—Ituglanis nebulosus is described from the Aprouague basin in

French Guiana. It differs from all other species of Ituglanis by a color pattern

composed of large, round spots irregularly distributed on body and not coa-

lesced into longitudinal stripes. It is also diagnosable from most congeners by

the round caudal fin and the reduced number of vertebrae (35 or 36). The new
species shares all synapomorphies so far proposed for the genus Ituglanis, as

well as other characteristics supporting the placement of the genus within tri-

chomycterids.

The neotropical catfish family Tricho-

mycteridae is known mostly for the semi-

parasitic (hematophagous and lepidopha-

gous) habits of some of its members in the

subfamilies Stegophilinae and Vandelliinae,

popularly called "candirus". However,

most species in the family are free-living

generalized predators of aquatic inverte-

brates, usually inhabiting fast-flowing,

clear-water streams. The majority of those

are included in the subfamily Trichomyc-

terinae, a vast non-monophyletic assem-

blage (de Pinna 1989) comprising over 100

described species (cf. Eigenmann 1918,

Tchernavin 1944) plus many others unde-

scribed (de Pinna 1998).

One consequence of the non-monophyly

of the Trichomycterinae is that some forms

included in the group are expected to be

more closely related to other subfamilies

than to remaining trichomycterines (de Pin-

na 1989, 1998). Costa & Bockmann (1993)

recognized a small monophyletic group of

species formerly included in Trichomycte-

rus, which they removed to a separate ge-

nus, Ituglanis. Costa & Bockmann pro-

posed that Ituglanis, rather than forming a

clade with other species of Triehomycterus,
is instead the sister group to a large clade

comprising the subfamilies Tridentinae,

Stegophilinae, Vandelliinae, Sarcoglanidi-

nae, and Glanapteryginae. That hypothesis

implies that Ituglanis, though superficially

similar to Trichomycterus and other mem-
bers of the subfamily Trichomycterinae, is

a key taxon in understanding the evolution

of the pronounced morphological and be-

havioral specializations found in more dis-

tal trichomycterids, including the parasitic

forms.

The genus Ituglanis, as defined by Costa

& Bockmann (1993), currently comprises

ten species, namely /. amazonicus (Stein-

dachner), /. eichomiarum (Miranda Ribei-

ro), /. gracilior (Eigenmann), /. herberti

(Miranda Ribeiro), /. laticeps (Kner), /. me-

tae (Eigenmann), /. parahybae (eigen-

mann), /. parkoi (Miranda Ribeiro), /. pas-

sensis Fernandez & Bichuette, and /.

proops (Miranda Ribeiro). The distribution

of species assignable to the genus, several

of which remain undescribed, covers much
of cis-Andean South America, from the

Guyanas in the north to Uruguay in the

south.
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In this paper, we describe a distinctive

new species of Ituglanis, representing the

first species of the genus described from

French Guyana.

Material and methods.—Meristics and

morphometries are taken according to de

Pinna (1992). Skeletal observations are

mostly based on a single paratype, cleared

and counterstained for bone and cartilage

according to a procedure combined and

modified from the methods of Taylor & Van
Dyke (1985) and Song & Parenti (1995).

Data on vertebral number and pleural ribs

were taken from the cleared and stained

paratype and from radiographs of the ho-

lotype and alcoholic paratype. Radiographs

were made with a digital x-ray system at

the National Museum of Natural History,

Smithsonian Institution. Vertebral counts do

not include those in the Weberian complex,

and the compound caudal centrum

(PUl+Ul) is counted as one. Number of

branchiostegal rays and odontodes are

based on the single cleared and stained

paratype.

Comparative material examined.—Itug-

lanis amazonicus, MZUSP 30449 (1 ex

c&s); /. eichorniarum, MZUSP 40792 (13

ex, 2 c&s), 59387 (2 ex); /. gracilior,

FMNH 53264, x-ray of holotype, MZUSP
65415 (1 ex); /. herberti, MZUSP 22186 (1

ex), 2209 (1 ex); /. parahybae, MZUSP
79810 (2 ex, 1 c&s), MZUSP 71852 (3 ex);

/. metae, MZUSP 26030 (2 ex); /. parkoi,

MNRJ 3849 (holotype), MZUSP 23368 (1

ex); /. passensis, MZUSP 80097 (3 ex),

80098 (3 ex), 80099 (2 ex); /. proops,

MZUSP uncat (5 ex c&s); Ituglanis sp. 1,

MCP 10420 (1 ex c&s, from Uruguay);

Ituglanis sp. 2 MZUSP 24128 (2 ex c&s,

from the Amazon); Ituglanis sp. 3 MNRJ
11489 (5 ex c&s, from Tocantins basin).

The unidentified species listed above (sp. 1,

sp. 2, etc.) refer to undescribed species

which are comparatively relevant for this

paper. They will be described in separate

publications. Material of /. laticeps was not

available for examination, and data on that

species were obtained from Eigenmann

(1918). Additional comparative material of

other trichomycterids and other catfishes is

Usted in de Pinna (1992).

Ituglanis nebulosuSy new species

Figs. 1 and 2

Ituglanis sp.; Le Bail, Keith & Planquette,

2000:164, 165 (brief description and col-

or photograph)

Holotype.—ymn^ 2001-1 128, 36.6 mm
SL, French Guiana, Arataye river (tributary

of Approuague river), near the natural pre-

serve "Reserve naturelle des Nouragues",

(04°00'22"N, 52°36'34"W), col. R Plan-

quette & et al., Sep 1985.

Paratypes.—Two specimens, both col-

lected with holotype. MNHN 2001-1129,

31.1 mm SL; MZUSP 69574, 35.1 mm SL
(specimen cleared and stained).

Diagnosis.—Ituglanis nebulosus is dis-

tinguished from all other species of Itug-

lanis by a color pattern composed of large

dark blotches (larger than twice eye diam-

eter), which often contact each other at their

borders but do not coalesce. Dark spots in

all other Ituglanis species, when present,

are either very fine and irregular or regu-

larly spaced and round, no larger than eye,

or irregular and coalescent forming rough-

ly-defined longitudinal stripes. Ituglanis

parahybae has the color pattern most sim-

ilar to that of /. nebulosus, but its dark

markings are mostly irregular (vs. round)

and partly coalesce as two or three longi-

tudinal series. The differences in color pat-

tern between the two species are well dem-

onstrated in color photographs of fresh or

live specimens included in fig. 1 of Costa

& Bockmann (1993) and page 165 of Le

Bail et al. (2000). The round caudal fin dis-

tinguishes /. nebulosus from all of its con-

geners except /. metae. In all other species

of Ituglanis, the caudal fin is either truncate

or truncate with rounded dorsal and ventral

corners and a gently convex posterior mar-

gin (see Discussion). The new species is

further diagnosable from /. gracilior, geo-

graphically its closest congener, by the
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Table 1.—Morphometric data for Ituglanis nebulosus. A—holotype, B and C—paratypes, D—mean. Mea-

surements 2-13 expressed as % of SL. 14-27 as proportions of HL.

1—Standard length (mm)
2—Total length

3—Body depth

4—Caudal peduncle length

5—Caudal peduncle depth

6—Predorsal length

7—Preanal length

8—Prepelvic length

9—Antevent distance

10—Dorsal-fin base length

11—Anal-fin base length

12—Pelvic-fin length

13—Head length

14—Head width

15—Head depth

1 6—Interorbital

17—Eye diameter

18—Snout length

19—Mouth width

20—Length of interopercular patch of odontodes

21—Length of opercular patch of odontodes

22—Posterior internarial width

23—Anterior internarial width

24—Posterior internarial diameter

25—Anterior internarial diameter

26—Pectoral-fin length

27—Length of pectoral-fin filament

36.6 31.1 35.1 34.3

120.8 121.9 118.2 120.3

16.1 14.5 15.1 15.2

18.0 17.4 18.5 18.0

11.5 11.6 11.4 11.5

72.4 73.0 70.4 71.9

75.4 74.6 77.2 75.7

62.6 62.7 63.5 62.9

68.9 68.5 69.8 69.0

7.7 7.4 7.7 7.6

6.3 6.4 6.3 6.3

8.7 8.4 8.3 8.5

18.6 19.3 18.8 18.9

88.2 90.0 89.4 89.2

51.5 45.0 39.4 45.3

26.5 30.0 27.3 27.9

10.3 8.3 6.1 8.2

36.8 38.3 39.4 38.2

50.0 48.3 40.9 48.4

25.0 26.7 25.8 25.8

13.2 13.3 10.6 12.4

19.1 20.0 18.2 19.1

22.1 21.7 19.7 21.1

5.9 5.0 6.1 5.6

5.9 5.0 4.5 5.1

58.8 55.0 57.6 57.1

29.4 31.7 37.9 33.0

shorter maxillary barbel (reaching posteri-

orly slightly beyond posterior margin of

pectoral-fin base; vs. minimally to mid-

length of pectoral fin exclusive of filament).

The presence of only three pleural ribs dis-

tinguishes /. nebulosus from all congeners

except /. amazonicus and /. gracilior. How-
ever, rib number is not known in all species

of Ituglanis. The reduced number of verte-

brae in /. nebulosus, 35 or 36, is also un-

usual in the genus, where vertebral counts

normally range otherwise from 39 to 41 (41

in /. gracilior, 39 in /. eichorniarum and /.

parahybae, 40—41 in /. proops). The only

other species with 36 vertebrae is /. passen-

sis, a cave species easily distinguished from

all other Ituglanis species by the reduction

of eyes and of integumentary pigmentation.

Description.—Morphometric data for the

holotype and paratypes are provided in Ta-

ble I. Cross-section of body round or shght-

ly depressed at pectoral-fin insertion, be-

coming increasingly compressed posterior

to midlength of trunk. Caudal peduncle ta-

pering gradually to caudal fin in dorsal

view. Dorsal profile of body straight from

head to origin of dorsal fin, sometimes

slightly convex at posterior half of trunk.

Dorsal profile of head continuous with that

of dorsum (Fig. 1). Caudal peduncle evenly

deep, nearly as much as remainder of body,

expanded posteriorly by procurrent rays.

Ventral profile of body gently convex along

abdomen, then practically straight from or-

igin of pelvic fins to origin of caudal fin.

Myotomes obscured by thick integument

but visible by relief on caudal peduncle and

dorsal part of posterior half of trunk. Re-

gion of longitudinal skeletogenous septum

visible as a shallow wide depression, prob-

ably in part due to post-mortem shrinkage.

Axillary gland inconspicuous on surface of
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Fig. 1. Ituglanis nebulosus, holotype, MNHN 2001-1128, 36.7 mm SL, lateral view.

body, apparenly located dorsoposteriorly to

base of pectoral fin, as inferred from slight-

ly different texture of integument. Its small

slit-like pore located shortly dorsoposterior-

ly to first pectoral-fin ray, slightly antero-

ventral to first lateral-line pore.

Head depressed, parabolic in dorsal view

(nearly round excluding snout), slightly

longer than wide. Snout differentiated from

rest of head by deep concavity on each side

in dorsal view (Fig. 2). Jaw muscles hyper-

trophied laterally, resulting in swollen

cheeks. Eyes small, without free orbital rim,

located dorsally on head but directed dor-

Fig. 2. Ituglanis nebulosus, holotype, MNHN
2001-1128, dorsal view of head.

solaterally. Skin covering eyes thin and

transparent. Eyes located entirely on ante-

rior half of HL. Interorbital nearly four

times eye diameter. Eye lens well-formed

and visible. Anterior nostril located slightly

closer to margin of snout than to anterior

margin of eye, surrounded by membrane of

integument forming short tube, continuous

laterally or posterolaterally with nasal bar-

bel. Anterior nares separated by space

slightly smaller than interorbital. Posterior

nostrils slightly smaller than eye, located

slightly closer to anterior nares than to eye,

partly closed by thin cup-like flap of integ-

ument along their anterior margin (no cor-

responding flap posteriorly). Posterior in-

ternarial width slightly smaller than anterior

one.

Opercular patch of odontodes small, dor-

solaterally located on head, its posterior end

reaching vertical through posterior margin

of base of first pectoral-fin ray or to middle

of fin-base. Approximately 12 opercular

odontodes underlain by small, well-differ-

entiated oval fold of integument. Interoper-

cular patch of odontodes located ventrolat-

erally on head, anteroventral to and approx-

imately twice size of opercular patch. Oper-

cular and interopercular odontode patches

close to each other, almost juxtaposed in

some specimens (Fig. 1). Approximately 17

interopercular odontodes, underlain by

short flap of integument. Posterior odon-

todes largest.
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Mouth subterminal, its corners only

slightly curved posteriorly. Upper lip al-

most straight, covered with large papillae.

Premaxillary teeth arranged in two well-de-

fined regular rows. Outer row teeth fine and

conical, inner row teeth more robust, some-

what blunt at tip. Lower lip thin, poorly-

differentiated from remainder of ventral

surface of head, covered with papillae

smaller than those on upper lip. Flat, thin

integumentary outgrowth at corner of

mouth, adjacent to posterior margin of rictal

barbel base. Branchiostegal membranes
thick, narrowly joined to isthmus medially

and forming large free fold. Six branchios-

tegal rays. Branchial openings broad, un-

constricted. All barbels large (Fig. 2). Max-
illary barbel longest and broadest, reaching

posteriorly slightly beyond posterior margin

of pectoral-fin base. Rictal barbel smaller

than maxillary one, extending to posterior

margin of interopercular patch of odontodes

or to anterior margin of pectoral-fin base.

Nasal barbel approximately as long and

wide as rictal one, extending posteriorly to

perpendicular through posterior margin of

opercular patch of odontodes, or slightly

beyond.

Lateral line reduced to short tube im-

mediately posterior to head, its terminal

pore slightly posterior to vertical through

posterior margin of pectoral-fin base. Single

additional pore anterior to it, located close

to posterior margin of opercular patch of

odontodes. Pectoral fin narrow, distally

convex, with i+ 5 rays. Rays progressively

shorter posteriorly. First pectoral-fin ray

preceded by broad anterior margin of integ-

ument, forming anterior edge of fin. First

ray longer and thicker than others, pro-

longed into filament representing approxi-

mately one-third the total length of ray.

Length of pectoral fin (filament included)

approximately equal to HL. Pelvic-fin i+4;

first unbranched ray shorter than second

and third. Origin of fin well anterior to that

of dorsal fin. Large pelvic splint present.

Posterior margin of pelvic fin slightly con-

vex, covering anal and urogenital openings

but not reaching origin of anal fin. Dorsal

fin small, with broadly round distal margin,

its origin anterior to vertical through origin

of anal fin. Dorsal-fin rays ii+ 6 plus one

accessory anteriorly. Anal fin similar to

caudal in size but deeper in shape, with

ii+ 5 rays plus one accessory anteriorly.

Caudal fin round, approximately twice as

long as deep, continuous with caudal pe-

duncle, with 6+6 principal rays. Procurrent

caudal-fin rays difficult to discern in alco-

hol-preserved specimens, 12 dorsally and

10 ventrally in cleared and stained paratype.

Vertebrae 35 (MNHN paratype) or 36

(holotype and MZUSP paratype). Pleural

ribs three. Branchiostegal rays seven.

Pigmentation.—A color photograph of a

freshly-collected specimen is provided in

Le Bail et al. (2000:165). In preservative,

whole of dorsum and sides of body covered

with irregularly-distributed, roundish dark

markings (Fig. 1). Most individual marks

larger than twice eye diameter, often partly

coalescent, with those on ventral part of

sides smaller than rest and those on dorsum

less conspicuous due to darker background.

Thin, dendritic, white threads evident on

close examination, probably representing

superficial blood vessels, sometimes outlin-

ing limits between myotomes. Hypural

plate outlined by large, dark, triangular

spot. Dorsal part of head as dark as dorsum,

but marbled tan, with spots less clearly de-

fined. Area around eyes and nares markedly

darker than rest, especially on region im-

mediately lateral to nares (Fig. 2). Cheeks

with well-defined spots smaller than those

on body. Area of opercular odotodes nearly

or totally white, but surrounding integu-

ment rim very darkly-pigmented, forming

narrow round black edge around odontode

patch (Fig. 1, 2). Interopercular patch of

odontodes white, except for dark area at

base. Ventral surface of head mostly white,

except for faint fields of dark chromato-

phores on anterior part of mental region,

lower jaw and lower lip. Part of cheek chro-

matophores also visible in ventral view. Na-

sal barbel and dorsal surface of maxillary
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barbels covered with irregular fields of dark

chromatophores along their basal three-

fourths. Rictal barbel lacking dark integu-

ment pigmentation. All barbels with clearly

visible reddish-tan cores (cf. nasal barbels

in Fig. 2). Caudal fin, except for its hyaline

distal third, covered with spots similar to

those on body. Dorsal fin with elongate

dark fields on its proximal half. Anal fin

with sparse, dark fields along base. Pectoral

fin with small, elongate dark field along ba-

ses of one or two anterior rays. Pelvic fin

lacking dark pigment. Abdomen white.

Etymology.—From the Latin nebulosus,

meaning cloudy, misty, in reference to the

integumentary pigmentation pattern of this

species.

Ecological notes.—All material of the

new species was collected at a slow-flowing

section of the river, about 3 meters wide,

20-50 cm deep, and densely shaded by

tropical rain forest (gallery forest). The bot-

tom was sandy, covered with leaf litter. Wa-
ter was clear, slightly tea-stained. The exact

microhabitat of the specimens could not be

determined, because collecting was done

with rotenone. Eight species were found to-

gether with Ituglanis nebulosus: Dysichthys

coracoideus, Helogenes marmoratus, Bry-

conops affinis, Hoplias aimara, Gastero-

pelecus sternicla, Copella carsevennensis,

Astyanax meunieri, and Poptella brevispi-

na. Stomach contents seen by transparency

in the cleared and stained paratype of /. ne-

bulosus show numerous arthropod remains.

Distribution.—So far known only from

type locality, in Approuague basin, French

Guyana (Fig. 3).

Comments on the taxonomy of Ituglan-

is.—The genus Ituglanis seems monophy-

letic as presently constituted and of partic-

ular importance in being the sister-group to

a large subclade of trichomycterids, includ-

ing highly specialized parasitic forms (see

section below). However, the limits of most

of its species remain poorly-known, and

there are, additionally, several yet unde-

scribed species assignable to the genus. The

ATLANTIC OCEAN

Cayenne

BRASIL

Trois Sauts

50 Km

Fig. 3. Type locality (square mark) of Ituglanis ne-

bulosus in French Guiana.

systematics of the genus, therefore, is clear-

ly in need of detailed revisionary studies.

In the course of this study, some com-

parative data were encountered that may be

useful in elucidating the taxonomy of Itug-

lanis. The shape of the caudal fin was found

to be of systematic value. In most species

of Ituglanis, as in most of Trichomycterus,

the caudal fin is vertically truncate with

round corners, with the posterior margin

gently convex or straight. The shape of the

fin seems to vary little intraspecifically,

even in the largest samples examined (over

100 specimens of /. proops). In a few spe-

cies, the caudal fin is round, as in the new
species herein described. Miranda Ribeiro

(1908) and Eigenmann (1918) reported the

caudal fin as round in /. proops, but this

seems to be mistaken, since it is truncate in

all specimens examined of the species. Il-

lustrations in Miranda Ribeiro (1908, 1912)

clearly show a specimen preserved with a

collapsed caudal fin, which partly obscures

its truncate shape. Although the description

in Eigenmann (1918) repeats the informa-
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tion on the round caudal fin, the illustration

in his pi. 51 fig. 2 more accurately repre-

sents the actual truncate condition. The cau-

dal fin has also been erroneously reported

as round in /. eichorniarum by Eigenmann

(1918), even though the original description

(Miranda Ribeiro 1912) reports it as trun-

cate, a shape confirmed in specimens ex-

amined. The shape of the caudal fin indi-

cates that the form described by Dahl

(1960) as Pygidium metae guayaberensis

(actually an Itiiglanis), with a truncate fin,

probably represents a separate species, and

should be referred to as /. guayaberensis.

The fin in /. metae is round.

The species geographically closest to /.

nebulosus is /. gracilior, from the lower Po-

taro River in Guyana. The two species are

evidently distinct, as demonstrated by the

characters already discussed and listed in

the diagnosis and by a few other, less ob-

vious, traits which could not be confirmed

in the holotype of /. gracilior, such as the

more numerous procurrent caudal-fin rays

(15/12). However, diagnosis of /. gracilior

is problematic. It seems like the original de-

scription in Eigenmann (1912), based on a

single, very small specimen, may in part be

misleading. The only statement about pig-

mentation pattern is "all upper parts ob-

scurely spotted". The subsequent illustra-

tion in Eigenmann (1918) shows a uniform

coloration. We suspect that /. gracilior is

actually strongly spotted, and corresponds

to the form illustrated in Le Bail et al.

(2000) as /. amazonicus. The very long bar-

bels reported in the holotype of /. gracilior

are seen in some specimens from French

Guyana here identified as that species, al-

though that character is subject to some de-

gree of intraspecific variation and the con-

dition illustrated by Eigenmann is one ex-

treme.

The superficial similarity in color pat-

terns in /. nebulosus and /. parahybae is not

reflected in other morphological characters.

The two species differ markedly in the

number of vertebrae (cf. Diagnosis above),

ribs (3 in /. nebulosus and 6 in /. parahy-

bae), and branchiostegal rays (7 vs. 8).

Ituglanis parahybae also has the fewest

pectoral- and pelvic-fin rays in the genus (5

and 4, respectively, with a vestigial fifth

pelvic-fin ray sometimes present). The re-

duction in pelvic fin-ray number may be

part of a trend to reduce the pelvic fins,

since some specimens of that species have

been reported to lack those fins entirely

(Costa & Bockmann, 1993). Ituglanis ne-

bulosus has 6 pectoral- and 5 pelvic-fin

rays, values that are plesiomorphic for Itug-

lanis. The vertebral count (35 or 36) in /.

nebulosus is one of the lowest among Itug-

lanis. The only other species with a similar

value is /. passensis, reported to have 36

vertebrae by Fernandez & Bichuette (2002:

276). So far as known, all other Ituglanis

have at least 39 vertebrae. Samples exam-

ined of multiple cleared and stained speci-

mens of /. proops and Ituglanis sp. 3 show
that vertebral number is subject to only mi-

nor variation (±2 vertebra), and that the

value observed for /. nebulosus is therefore

taxonomically significant, despite being

based on only three specimens. Costa &
Bockmann (1993:44) reported 34-38 total

vertebrae in the generic diagnosis of Itug-

lanis, but their method of counting verte-

brae was not specified and comparisons are

therefore difficult. Ituglanis gracilior is the

species described from nearest to the type

locality of/, nebulosus and it has 41 (value

for holotype) to 43 vertebrae.

Ituglanis proops, from the Rio Ribeira

basin, and /. eichorniarum, from the Para-

guay basin, are similar in external aspect

and pigmentation. However, there are ad-

ditional differences that indicate that they

are not conspecific. The most conspicuous

differences are found in the interopercular

patch of odontodes. Ituglanis proops has

the largest interopercular patch of odon-

todes in the genus. Most of that enlarge-

ment occurs dorsolaterally, so that the dor-

soposterior margin of the interopercular

patch closely approaches the ventral margin

of the opercular one. The integumentary

folds of the opercular and interopercular
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patches contact each other in preserved

specimens. In all other species of Ituglanis,

the two patches are clearly separated by a

broad band of normal head integument. The
condition in /. proops seems to be autapo-

morphic, and clearly diagnoses it from all

other species of Ituglanis, including /. ei-

chorniarum.

Ituglanis herberti may be a synonym of

/. eichorniarum. The two come from the

Paraguay basin. The original description of

/. herberti by P. de Miranda Ribeiro (1940)

considered the species as "evidently alied

to Triehomycterus proops'' [— I. proops],

but fails to mention /. eichorniarum, from

the same basin as /. herberti. The original

description reports the color pattern of /.

herberti as a series of vertical stripes along

the sides of the trunk. This characteristic is

unique in Ituglanis and, if confirmed, would

provide evidence of specific distinctiveness.

However, the original description also notes

that the vertical striped pattern was not ev-

ident in the live fish. It seems likely that the

dark vertical stripes were artifactual, result-

ing from folds of integument following

preservation and shrinkage. This is com-

mon in large trichomycterids with thick in-

tegument, where deep ridges of the folds

forming after preservation may be mistaken

for darkly-pigmented stripes. We have seen

this effect clearly in one specimen refer-

rable to /. herberti (MZUSP 2209), which

is an old specimen where dark pigment is

entirely faded. No additional taxonomically

relevant data were found to justify separa-

tion of /. herberti and /. eichorniarum.

Phylogenetic relationships.—The place-

ment of the new species in Ituglanis is un-

problematical. The three synapomorphies

for the genus provided in Costa & Bock-

mann (1993) are present in /. nebulosus.

The first is the vestigial condition of the

posterior fontanel, reduced to a small round

orifice on the posterior half of the supra-

occipital (Fig. 4). The second is a deep

notch on the mesial margin of the palatine.

The condition in /. nebulosus is not as ex-

treme as that illustrated for /. parahybae by

premaxilla

lateral ethmoid

fronto-Iacrimal

bone

mesethmoid

supraocclpital

posterior

fontanel

supracleithrum

Weberian complex and capsule

Fig. 4. Ituglanis nebulosus, paratype, MZUSP
69574, dorsal view of neurocranium. Scale bar = 1

mm.

Costa & Bockmann (1993, fig. 6), but is

still clearly present. The third synapomor-

phy /. nebulosus shares with its congeners

is an anteriorly-directed anterior portion of

the sphenotic (Fig. 4).

Elucidation of the relationships of /. ne-

bulosus within Ituglanis requires a phylo-

genetic analysis, preferably associated with

a species-level revision, and is beyond the

scope of this paper. However, characters

found in the course of this study support

preliminary inferences about relationships.

Among the species of Ituglanis available

for skeletal examination, Ituglanis sp. 2 has

the fewest pleural ribs, with only 2 pairs.

The next lowest value, 3 pairs, is seen in /.

nebulosus, I. amazonicus and /. gracilior.

Remaining species for which data are avail-

able, /. eichorniarum, I. parahybae, I.

proops, I. passensis, Ituglanis sp. 1 and Itug-

lanis sp. 3 have between 5 and 7 pairs. Re-

duction in rib number is considered derived

because basal trichomycterids have nine or

more ribs. A reduction in rib number (seven

or fewer) has been considered synapomorph-
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ic for Ituglanis plus a large subset of Tri-

chomycteridae (see below). A more extreme

reduction (three or fewer) is a state syna-

pomorphic for a subset of the genus, includ-

ing /. nebulosus, I. amazonicus, I. gracilior

and Ituglanis sp. 2. Such rib reduction is ho-

moplastically seen, in similar or more ex-

treme degrees, also in the highly especilized

subfamilies which constitute the sister group

to Ituglanis (see below).

A smaller clade including only /. nebu-

losus, I. amazonicus, and Ituglanis sp. 2.

further shares a peculiar widening of the

mesethmoid shaft. In those species, the

width of the mesethmoid shaft equals or

surpasses the length of one of the meseth-

moid cornua. This condition is markedly

distinct from that in other species of Itug-

lanis and remaining species of the subfam-

ily Trichomycterinae, where the meseth-

moid shaft is narrow, its width being mark-

edly smaller than the length of each mes-

ethmoid cornua.

Another subgroup of Ituglanis, including

/. eichorniarum, /. parahybae, I. proops,

Ituglanis sp. 1 and Ituglanis sp. 3, share a

peculiar lateral, or posterolateral, process

on the anterior third of the antorbital (fron-

to-lacrimal tendon bone of some authors).

In /. proops, some specimens have the pro-

cess on one side only. The presence of this

process is a derived condition, because the

antorbital is a simple rod in all other rele-

vant trichomycterine taxa.

The characters discussed indicate that

Ituglanis seems to comprise two main
monophyletic groups. One includes north-

ern South American species from the Am-
azon and the Guyanas. The other includes

southern forms from the Parana/Paraguai,

Ribeira de Iguape, Paraiba do Sul and

Southeastern drainages in Brazil and Uru-

guay, plus /. eichorniarum and Ituglanis sp.

3, which also occur in Southern Amazonian
tributaries. This idea is just a first approxi-

mation to an understanding of Ituglanis

phylogeny. Further study, on the basis of

additional characters and broader taxonom-

ic sampling, is necessary to formulate a de-

tailed hypothesis on the relationships

among species of the genus.

Costa & Bockmann (1993) hypothesized

Ituglanis as the sister group to a large clade

including the subfamilies Tridentinae, Ste-

gophilinae, Vandelliinae, Sarcoglanidinae

and Glanapteryginae. This group shares a

synapomorphic reduction in the number of

pleural ribs (2 to 6 pairs). Ituglanis nebu-

losus, with 3 pleural ribs, conforms to the

condition of this character in the clade. The
same happens with a more inclusive group,

including the multi-subfamilial clade and

Ituglanis, plus the genus Scleronema. This

clade relies on two characters: a reduction

in size of the interopercular patch of odon-

todes and the fine, elongated lateral arms of

the urohyal. Again, both derived conditions

are present in /. nebulosus. Thus, the dis-

covery of the new species does not bring in

any new character state conflicting with

current understanding of the relationships

of Ituglanis within Trichomycteridae.
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Abstract.—The stemoptychid species Argyripnus brocki Struhsaker, origi-

nally described from the Hawaiian Islands, has been reported in the literature

from various Indo-Pacific localities and to the west off east Africa. We have

made univariate and multivariate comparisons, using sheared principal com-

ponents analysis, of specimens from this broad area and found there to be

evidence of two distinct species: Argyripnus brocki, endemic to the Hawaiian

Islands and vicinity, and A. pharos n. sp., occurring in all other investigated

areas. These two species are distinguished from the other four in the genus by

their relatively low numbers of gill rakers, vertebrae, and certain photophores.

Argyripnus pharos is distinguished from A. brocki by several features but most

clearly by its VAV + ACA photophore cluster, which is dorsally inflected in

an arch-like form and reaches a higher elevation on the flank.

Fishes of the order Stomiiformes are

mainly meso- and bathypelagic fishes,

found in all oceans but more diverse at

tropical and subtropical latitudes. The re-

lationships and composition of the order

have been examined in a series of papers

by Weitzman (1974), Ahlstrom et al.

(1984), Harold and Weitzman (1996), and

Harold (1998). Four families are currently

recognized in the order: Gonostomatidae,

Photichthyidae (also spelled Phosichthyi-

dae), Stomiidae, and Sternoptychidae. The

last comprise the hatchetfishes, to which

Argyripnus belongs. Unlike the deep-bod-

ied hatchetfish genera, Argyropelecus, Po-

lyipnus and Sternoptyx (see Baird, 1971,

and Harold, 1994), Argyripnus species are

quite shallow-bodied and overall rather

similar to gonostomatids (bristlemouthes).

Unlike the many pelagic stomiiforms, Ar-

gyripnus species are considered to be ben-

thopelagic (Badcock and Merritt 1972), liv-

ing in association with the benthic com-

munity and geographically restricted to the

continental slope and other features of pos-

itive topographic relief.

Grey (1961, 1964) recognized three Ar-

gyripnus species: A. atlanticus Maul 1952,

A. ephippiatus Gilbert and Cramer 1897,

and A. iridescens McCulloch 1926. Argy-

ripnus brocki Struhsaker 1973 and A. elec-

tronus Parin 1992 were added subsequent-

ly, bringing the total in the genus to five.

Struhsaker (1973) reviewed species occur-

ring in the Indo-Pacific region and de-

scribed A. brocki from off the Hawaiian Is-

lands. Low gill-raker counts and other fea-

tures in combination were used to distin-

guish it from the most similar congeneric

species, A. ephippiatus and A. iridescens.

Strusaker (1973:835) examined several

non-Hawaiian specimens, some of which he

tentatively ascribed to A. brocki, stating that

the geographic range of the species "may
extend from Hawaii to the Indian Ocean."

We report on additional collections of "low

count" Argyripnus from the Philippines and

other areas of the Pacific and Indian oceans

and describe the non-Hawaiian specimens

as a new species, Argyripnus pharos. In

making comparisons with A. brocki we rely

on standard morphometric and meristic tab-
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ular and graphical presentations, as well as

a sheared principal components analysis

(PCA) (sensu Humphries et al. 1981, Book-

stein et al. 1985) of a subset of the mor-

phometric characters.

Materials and Methods

Specimen length is standard length (SL)

in mm. Morphometric, meristic, photophore

and other characters were determined fol-

lowing the methods and terminology of

Weitzman (1986) and Harold (1994). Ter-

minology of the photophores is repeated

here for convenience, and to describe and

illustrate certain photophore characters not

covered by previously published works.

The abbreviation for each photophore or

photophore series ("cluster," in cases

where associated photophores joined in a

common organ) and its anatomical location,

as defined by Weitzman (1986), and with

modifications of the AC series terminology

according to Harold (1994), are as follows:

ACB (cluster dorsal to central portion of

anal fin), ACC (cluster along ventral sur-

face of caudal peduncle), BR (cluster on

branchiostegal membranes), IP (cluster on

isthmus), OP 1 (single photophore associ-

ated with anterior base of preopercle), OP
2 (single photophore near anterodorsal mar-

gin of opercle, posterior to center of eye),

OP 3 (single very large photophore asso-

ciated with subopercle), ORB (single pho-

tophore anteroventral to eye), OV (dorsal

abdominal series/cluster posterior to pecto-

ral fin base), PV (ventral abdominal cluster

between bases of pectoral and pelvic fins),

and VAV + ACA (combined VAV and

ACA clusters of other sternoptychids in a

long organ extending from above pelvic-fin

base to vertical through about seventh to

tenth anal-fin ray; VAV/ACj of Badcock
and Merrett, 1972:fig.l). Counts of fin rays

and numbers of photophores in clusters are

the total number of elements in all cases.

Elevation of the VAV + ACA photophore

cluster is a character developed specifically

for this study, determined by taking the dis-

tance from the dark pigment border of the

dorsalmost VAV + ACA photophore to the

base of the immediately ventral anal-fin ray.

A sheared principal components analysis

was performed on a subset of morphometric

characters for which the greatest number of

specimens had values for all characters.

Humphries et al. (1981) discussed compu-
tational aspects of the procedure. The pro-

gram "Shear," written by N. MacLeod, was
used for the analysis (McLeod 1990); this

software was published as part of the Pro-

ceedings of the Michigan Morphometries

Workshop (Rohlf & Bookstein 1990).

One of the difficulties with systematic

study of deep-sea fishes is their delicate na-

ture and the resultant poor condition of

trawl-captured material. Specimens may
lack structures, rendering them of little val-

ue for analyses such as PCA, in which a

complete set of data for each is specimen

is desirable. Damaged specimens were ad-

equate for making counts and some mea-

surements included in the description but

were excluded from multivariate analysis.

A complete truss network was not utilized,

but instead selected homologous point-to-

point measurements were used that provide

critical shape comparisons.

Sources of material for this project are

listed as institutional acronyms and associ-

ated catalog numbers for A. pharos in the

account and for other Argyripnus species in

Appendix L Institutional abbreviations are

as listed in Leviton et al. (1985).

Argyripnus pharos new species

Fig. 1

Argyripnus sp.—Grey, 1961:470-474, ta-

bles 1, 2, 3 (USNM 135402, Philip-

pines).—Grey, 1964:207 (off northern

Mindinao, Philippines; Key to Spe-

cies).—Bourret, 1985:57-58 (USNM
135402).

Argyripnus brocki.—Struhsaker, 1973:835

(part, USNM 207984, Indian Ocean).—

Parin, 1992:136 (part, northwestern Aus-

tralia, northwestern Madagascar).—Har-
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Ig^^ ^C^ rrff^

Fig. 1. Argyripnus pharos, holotype, BMNH 1986.9.22.41, 78.9 mm SL.

old, 1999:1901 (part, western Central Pa-

cific), [not Argyripnus brocki Struhsaker,

1973]

Holotype.—BMNn 1986.9.22:41, (1,

78.9 mm), Saleh Bay, South Java, approx.

8°30'S, 118°00'E, field no. TGT 1676, coll.

T. Gloerfelt-Tarp (no other data available).

Paratypes.—AMS 1.24338002 (2, 55.7-

79.3 mm), Saleh Bay, South Java, 8°30'S,

117°46'E, 150-280 m, coll. T. Gloerfelt-

Tarp, Jul 1981. BMNH 1986.9.22:42-45 (4,

59.4—76.6 mm), collected with holotype.

Non-type material.—AMS 1.31174005

(11, 58.6-72.3 mm). Shark Bay, Western

Australia, 26°42.3-42.1'S, 112°38.4-38.5'E,

(0-) 285 m, coll. J. Paxton, 30 Jan 1991.

CSIRO H2169-01 (1, 57.8 mm), E of Eraser

Island, Queensland, Australia, 24°44.2-

47.7'S, 154°12.5-14.8'E, (0-) 492 m, RA^
Soela, Sta. S00685/7, 17 Nov 1985. TOAN
uncataloged (2, —45-51.4 mm), western In-

dian Ocean, 12°3rS, 48°17'E, (0-) 380 m,

RA^ Vityaz, Cr 17, Sta. 2603, 12 Nov 1988.

MNHN 1979-98 (1, 67.9 mm), Philippines,

13°49'N, 120°04'E, (0-) 200 m, RA^ MU-
SORSTOM I, Sta. 51CP4, Mar 1976.

MNHN 1979-99 (1, 62.4 mm), Phihppines,

14°00'N, 120°16'E, (0-) 195 m, RA^ MU-
SORSTOM I, Sta. 64CP4, Mar 1976.

USNM 135402 (1, 78.4 mm), N of Mindi-

nao, Philippines, 8°48.5'N, 123°35.5E, (0-)

366 m, R/V Albatross, Sta. D5542, 20 Aug
1909. USNM 207984 (1, 47.8 mm), Indian

Ocean, 06°51'S, 39°54'E, (0-) 100 m, RA^
Anton Bruun, Cr 9, Sta. 422, 19 Nov 1964.

YPM 10015 (12, 52.3-80.8 mm), Albay

Gulf, Philippines, 13°10'N, 124°00'E, 22

Sep 1995.

Diagnosis.—Characters that in combina-

tion serve to distinguish Argyripnus phar-

os: gill rakers 15-16, usually 16, with typ-

ically 12 on the ventral limb; VAV + ACA
photophores 13-18; total number of verte-

brae 42-44, usually 42 or 43; dorsal-fin

rays 9-12; VAV + ACA photophore ele-

vation 3.7-6.4% SL. No uniquely derived

characters known.

Description.—Moderate-sized species,

maximum observed adult body length 80.8

mm SL (Table 1; Philippines, YPM 10015)

with shallow body profile, body depth

24.7-31.9% SL. Head large (up to 35.1%

SL), lateral profile forming a slightly round-

ed angle of about 90 degrees, with its apex

at dentary symphysis. Mouth large, oblique.

Scales deciduous, none remaining in any

specimens examined; based upon observa-

tions of scale pockets, scales quite large and

dorsoventrally elongate. Adipose fin pre-

sent. Maximum body depth located at ver-

tical through occiput, body nearly as deep

at dorsal-fin origin. Dorsal-fin origin ap-

proximately at vertical through base of

most lateral pelvic-fin ray, and located at

about mid-body (predorsal length 47.0-

55.2% SL, prepelvic length 44.1-53.5%

SL). Body profile gently tapered posterior

to dorsal-fin origin to shallowest point at

about middle of caudal peduncle; caudal

peduncle slightly flared posteriorly.

Orbit circular to slightly dorsoventrally

elongate, and large, up to 47.1% of head
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Table 1
.—Morphometric characters expressed as percentages of head length (orbit diameter and snout length)

or standard length (all others) and meristic character values for Argyripnus pharos holotype (BMNH 1986.9.22:

41), and other material, and Argyripnus brocki holotype (USNM 207653), and other material combined.

Argyripnus pharos Argyripnus ,brocki

Holotype Other Mean N Holotype Other Mean N

Standard length 78.9 47.8-80.8 65.8 35 81.5 48.8-89.0 69.6 80

Orbit diameter 37.7 37.7-47.1 41.1 33 39.8 38.6-46.8 42.2 64

Snout length 21.0 21.6-26.0 23.7 32 21.9 21.1-29.0 24.2 65

Head length 32.6 29.0-35.1 32.1 33 30.8 27.9-33.8 30.8 68

Body depth 27.6 24.7-31.9 28.9 35 27.7 25.3-31.6 28.3 73

Caudal peduncle length 16.2 12.8-18.1 14.2 34 13.0 12.2-17.4 14.7 67

Caudal peduncle depth 8.3 8.1-11.3 9.4 34 8.2 7.7-11.6 9.2 72

Dorsal fin length 13.1 12.1-18.3 14.1 35 13.5 12.0-17.1 14.3 71

Anal fin length 25.3 23.7-35.1 29.3 26 27.6 25.1-33.3 28.4 65

Preanal length 61.3 52.2-62.4 58.2 31 57.5 53.6-62.8 58.4 65

Predorsal length 48.9 47.0-55.2 49.4 32 49.4 44.4-52.4 48.7 65

Prepelvic length 51.0 44.1-53.5 48.2 30 49.5 45.2-54.6 49.4 58

Postdorsal length 54.5 52.8-62.5 55.5 33 53.7 52.0-60.0 56.3 60

Postanal length 42.9 39.1^7.6 43.5 33 40.4 41.0-47.8 43.9 63

Dorsal-pelvic length 28.2 24.4-30.6 28.4 33 27.4 24.3-34.6 28.3 66

OP 3 height 3.0 1.8-3.9 2.8 32 4.3 2.9-6.0 4.7 53

VAV + ACA elevation 5.6 3.7-6.4 5.2 34 3.6 2.8^.9 3.8 56

VAV + ACA - ACB length 3.7 1.8-8.0 4.3 34 4.4 2.9-7.4 5.0 56

ACB - ACC length 6.1 6.4-11.2 8.8 34 9.0 7.8-14.3 10.0 67

ACC length 9.6 4.7-8.7 7.0 33 10.1 8.6-12.7 10.6 64

Dorsal-fin rays 11 9-12 10.9 35 11 10-13 II.

1

75

Anal-fin rays 21 20-24 22.1 32 21 18-24 21.2 75

Pectoral-fin rays 15 14-17 15.6 33 16 14-16 14.9 77

Pelvic-fin rays 7 6-7 6.9 32 7 6-7 6.9 66

Dorsal gill rakers 4 3^ 4.0 29 4 3^ 3.9 14

Ventral gill rakers 12 11-12 11.7 29 12 12-13 12.1 14

Total gill rakers 16 15-16 15.7 29 16 15-17 16.0 14

Total vertebrae 42 42^4 42.8 21 41 41-43 41.9 40

VAV + ACA photophores 15 13-18 15.3 34 15 13-18 15.4 54

ACB photophores 5 5 5.0 35 5 5 5.0 76

ACC photophores 11 9-12 10.2 32 10 8-12 10.1 66

length. No spines or serrae present in asso-

ciation with elements of the head skeleton

or elsewhere. Premaxillary teeth uniserial,

differing in size and shape, ranging from,

medially, three widely spaced conical to re-

curved large teeth (about 1 mm in length in

78.9 mm SL holotype) interspersed with

much shorter teeth; laterally, a short comb-

like patch of minute teeth (each about one

tenth the length of the largest premaxillary

teeth) along extremity of alveolar process.

Maxillary teeth uniserial, subequal, conical

to recurved, up to about one half the length

of the largest premaxillary teeth, variable in

number: 17 in series in 59.4 mm SL para-

type, and 29 in 78.9 mm SL holotype. Den-

tary teeth biserial, inner row comprising nu-

merous (more than 20) minute, recurved

teeth increasing in length toward the jaw an-

gle, outer row three or four widely-spaced

larged recurved teeth similar in size and

shape to largest teeth of premaxilla. One or

two large, recurved vomerine teeth located

laterally on extremity of each anterior wing-

like process; no teeth present on posterior

shaft. Four or five minute, conical palatine

teeth in a longitudinal row. Mesopterygoid

teeth absent. Pseudobranch present and well-

developed.

Photophore counts as for genus (Ahls-
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trom et al. 1984), except VAV + ACA and

ACC: AC group combined with VAV, from

anterior to posterior, VAV + ACA (13-18),

forming a distinctive arch in central portion

of cluster directly dorsal to third or fourth

anal-fin ray. ACB (5). ACC (9-12), begin-

ning adjacent to second or third last anal-

fin ray and continuing posteriorly to near

anteriormost ventral procurrent caudal-fin

ray. BR (6). IP (6). OP 3. ORB 1. OV (6)

+ 1. PV (10).

Color in preservative.—Dark brown chro-

matophores on head in association with iris,

photophores (BR, IP, OP, and ORB), poste-

rior portion of cranium, areas immediately

dorsal, ventral, and posterior to orbit includ-

ing dorsal portion of opercle, symphysial

portions of premaxilla and dentary, anterior

margin of medial one half of maxilla, and

entire medial one half of posterior supra-

maxilla. Reflective guanine pigment associ-

ated with photophores, iris, and most of gill

cover. Dorsal portion of body above lateral

septum pigmented with dark brown chro-

matophores, with greatest concentration be-

tween pectoral girdle and dorsal-fin origin,

in a patch on caudal peduncle, delineating

myosepta, and forming predorsal stripe be-

tween occiput and dorsal-fin origin. Other

areas of concentration include patches of

dark pigment at bases of dorsal- and pro-

current-caudal rays, and covering main body

of all photophores. Reflective guanine pig-

ment on body on lateral surface of pectoral-

fin base associated with posterior IP photo-

phore reflector; guanine pigment also asso-

ciated with other photophores, especially

ventrolateral area of the abdomen lining OV
and PV organs and region of body wall be-

tween these clusters. Fin rays largely unpig-

mented. Pectoral fins with lines of small

dark brown chromatophores along basal por-

tions of fin rays and widely separated spots

of dark pigment distally. Longest three or

four rays of both lobes of caudal fin darkly

pigmented along approximately one quarter

to one third of their lengths.

Etymology.—The specific name pharos

is based on the feminine Greek noun phar-

os, meaning lighthouse or beacon, with ref-

erence to the dorsally displaced elements of

the VAV + ACA photophore cluster.

Distribution.—West Pacific, from Phil-

ippines southward through Indonesian Ar-

chipelago and Coral Sea, and western In-

dian Ocean off Africa.

Ecology.—In almost all cases Argyripnus

species, including A. pharos, have been

captured at mesopelagic depths (100-492

maximum depth of capture for A. pharos)

but near the sea floor. Captures have most

typically been made by bottom trawl, al-

though Badcock and Merrett (1972) report-

ed collections of A. atlanticus made by a

rectangular midwater trawl (RMT8/5) when
it was towed near (within 40 m) or on the

bottom. The specimens caught were juve-

niles and subadults (26.0-53.0 mm SL),

suggesting the existence of a population of

A. atlanticus near the sea floor. Available

collection data for A. pharos indicate that

this species likely occurs typically in this

near-bottom, benthopelagic habitat. Certain

other sternoptychids, such as Sonoda and

Polyipnus, are also reported to have such

affinity with the sea floor.

Remarks.—A multivariate statistical ap-

proach, sheared principal components anal-

ysis, was used to quantify aspects of shape

variation in the complex of forms here rec-

ognized as A. brocki and the new species

A. pharos. Characters used in the analysis

are listed in Table 2. The principal com-

ponents analysis extracted three compo-
nents, with their eigenvalue and total vari-

ance, respectively, as follows: PC 1 (0.049,

62.262), PC 2 (0.020, 23.604), and PC 3

(0.005, 5.964). The cumulative percent of

variance accounted for by these principal

components is 91.831. The size vector, PC
1, is not important in addressing the issue

of interspecific discrimination in this prob-

lem. Variable loadings for PC 1 and two

sheared principal components (PC 2 and PC
3), the shape components, for each speci-

men are reported in Table 2, with the five

most important variables in terms of vari-

ance explained indicated. Analyzed speci-
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Table 2.—Sheared principal component loadings for eighteen morphometric characters from analysis of Ar-

gyripnus pharos and A. brocki, 27 and 39 specimens, respectively. Five highest loadings for each principal

component followed by *.

Character PC 1 (size) PC 2 (sheared) PC 3 (sheared)

1 Standard length 0.251959 -0.026222 0.064297

2 Head length 0.240692 0.015219 -0.027908

3 Orbit diameter 0.233235 -0.045382 0.010296

4 Snout length 0.255381* -0.008259 0.010706

5 Caudal-peduncle length 0.223821 0.017732 0.216135*

6 Caudal-peduncle depth 0.205857 -0.097824 -0.035673

7 Dorsal-fin length 0.253762 -0.112102* 0.033499

8 Anal-fin length 0.191146 -0.129438* -0.051035

9 Preanal length 0.293429* -0.020121 0.062156

10 Predorsal length 0.262491* 0.009478 0.054128

11 Prepelvic length 0.293861* -0.000413 0.084425

12 Postdorsal length 0.232723 -0.058346 0.078760

13 Postanal length 0.215870 -0.088821 0.027782

14 Dorsal-fin origin to pelvic-fin origin 0.260888* -0.000512 0.083734

15 ACC photophore cluster length 0.242147 0.064465 0.219743*

16 Posterior ACB to anterior ACC photophore 0.183837 -0.331822* 0.267798*

17 Posterior VAV + ACA to anterior ACB photophore 0.112730 -0.782794* -0.509556*

18 VAV + ACA photophore cluster elevation 0.224150 0.445263* -0.740109*

mens are plotted with respect to sheared PC
2 and PC 3 scores in Fig. 2. The character

VAV + ACA photophore elevation was

found to be an important discriminating

feature in PC space and is therefore plotted

separately as a bivariate with standard

length (Fig. 3).

Argyripnus pharos shares with the other

five species in the genus a united series of

VAV + ACA photophores (18-32 photo-

phores overall for the genus), dorsal fin

with 10 to 14 rays and originating near or

anterior of vertical through anal-fin origin

(Weitzman 1974, 1986). The six species are

separated into two main groups of morpho-

logically similar species (see key to species,

Grey 1964:207): (1) those with the dorsal

fin originating nearly directly above the or-

igin of the anal fin and with numerous (28-

32) VAV + ACA photophores (A. atlanti-

cus and A. electronus), and (2) those with

the dorsal fin originating well anterior of a

vertical through the anal-fin origin, and

fewer (13-21) VAV + ACA photophores

(A. brocki, A. ephippiatus, A. iridescens,

and A. pharos). The new species, A. pharos,

and A. brocki are clearly most similar, based

upon the presence of relatively few gill rak-

ers (15-17, usually 16, as compared with

18-22 overall in A. ephippiatus and A. iri-

descens), fewer VAV + ACA photophores

(13-18, as compared with 19-21), and low

vertebral counts (41-44 total vertebrae, as

compared with 44—53). Meristic features

that, in part, distinguish A. pharos from A.

brocki include the presence of slightly more
vertebrae (42-44 in A. pharos, as compared

with 41-43 in A. brocki), and fewer dorsal-

fin rays (9-12, as compared with 10-13,

respectively). In terms of morphometric

features, A. pharos compared with A. brocki

has more highly elevated VAV + ACA
photophores (elevation 3.7-6.4% SL, as

compared with 2.8-5.9, respectively, a larg-

er head (head length 29.0-35.1% SL, as

compared with 27.9-33.8), and the dorsal-

fin origin located slightly posteriorly (pre-

dorsal length 47.0-55.2% SL, as compared

with 44.4-52.4).

Grey (1961) reported on an Argyripnus

specimen (USNM 135402) from off Min-

dinao, Philippines, that she was unable to

place to species level, and consequently re-

ferred to Argyripnus sp. The specimen, with
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that same designation, was later incorporat-

ed into a Key to Species (Grey 1964); lack

of additional material apparently prevented

Grey from describing what was evidently a

representative of an undescribed Argyrip-

nus species. Neither was Struhsaker (1973)

able to assign USNM 135402 to a species,

although the single specimen was reported

to be very similar to his new species, A.

brocki, from the Hawaiian Islands. He did,

however, assign another geographically re-

moved specimen (USNM 207984, western

Indian Ocean) to A. brocki. These speci-

mens were examined and placed herein

well within the ranges of variation of A.

pharos. Other Indian Ocean material ex-

amined, from off the east coast of Africa

(lOAN uncataloged, 12°31S, 48°17E) is as-

signed to A. pharos.

In conclusion, A. brocki is an endemic of

the Hawaiian Islands vicinity. The similar,

and likely phylogenetically related species,

A. pharos, occurs in the Indo-Australian re-

gion, from the Coral Sea northwards to the

Philippines, and in the western Indian

Ocean off Africa. There are, however, no

records of A. pharos from the central Indian

Ocean. This situation could be due to a pau-

city of slope habitat at appropriate latitude

and, concomitantly, collections of bentho-

pelagic fishes in the region, although it is

possible the species has disjunct western

and eastern populations.
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Appendix I

Comparative Material Examined

Lots are listed alphabetically by species, general

geographical area, and then by catalog number. Num-
bers in parentheses indicate number of specimens in a

lot.

Argyripnus atlanticus.—Western North Atlantic:

FMNH 64551 (1), 65693 (1), 65694 (1), 71018 (2),

71587 (1), 71600 (4), 71735 (2), USNM 324583 (1).

Argyripnus brocki.—Hawaiian Islands: BPBM
23979 (30), 23995 (35), USNM 207653 (holotype),

207658 (4 paratypes), 204739 (11).

Argyripnus ephippiatus.—Hawaiian Islands: BPBM
24965 (21), 24962 (2), 24968 (21), USNM 47708 (ho-

lotype). 126079 (2), 207663 (12), 207664 (3).

Argyripnus electronus.—Sala y Gomez Ridge, east-

ern Pacific: AMS 1.28181001 (3 paratypes), lOAN un-

cataloged, RA^ Professor Shtokman, Cr. 18, Sta. 1976

(8), Cr. 19, Sta. 1977 (1).

Argyripnus iridescens.—Great Australian Bight:

CSIRO H 2604-06 (6), T 999 (7), T 1068 (8), T 1 129

(10).
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Abstract.—Six species of Tubificidae are reported from abyssal depths (over

2600 m) off New York/New Jersey in the Northwest Atlantic Ocean. Two
members of the subfamily Phallodrilinae, Bathydrilus medius Erseus, 1983 and

B. sandersi Erseus, 1983, previously known only from deep-sea localities in

the Northeast Atlantic, are described. The known depth distributions of all

deep-sea oligochaetes known to occur in the North Atlantic (38 species of

Tubificidae, three species of Enchytraeidae) are analysed, and their pattern sug-

gests that, while abyssal species tend to be distributed on both sides of the

ocean, the bathyal taxa are largely endemic to either the American or the

European continental slopes.

In the course of a study of rates and mag-

nitude of trace metal redistributions follow-

ing the end of sludge dumping at the 106-

Mile Dumpsite on the continental rise off

New York/New Jersey (Dr. J. Frederick

Grassle, Principal Investigator), new mate-

rial of deep-sea clitellates (families Enchy-

traeidae and Tubificidae) was collected and

placed at our disposal.

The tubificids from this collection are re-

ported in the present paper. Two of them,

Bathydrilus medius Erseus, 1983a and B.

sandersi Erseus, 1983a, were first described

from similar depths off Ireland in the

Northeast Atlantic (Erseus 1983a), and the

new records are thus a considerable range

extension. As there is limited access to col-

lections of oligochaetous Clitellata from the

deep sea, the new American specimens of

these two species are described in this pa-

per. One new deep-sea species of enchy-

traeid, Grania papillinasus, found during

the dumpsite study as well as on the Eu-

ropean side of the North Atlantic, was re-

cently described by Rota & Erseus (2003).

The distributional pattern of all known

North Atlantic deep-sea oligochaetes is an-

alyzed herein.

Material and Methods

The worms studied originate from nine

dives with the submersible "A/v/n," under-

taken in June 1996 during the "Atlantic 11"

cruise #133 at the 106-Mile Dumpsite area

off New York/New Jersey. The actual

dumpsite (38.8°N, 72.TW) is located about

106 miles SE off New York City, i.e., east

of the mouth of Delaware Bay, where

dumping of sewage sludge was done be-

tween 1989 and 1992. All dives were made
to similar depths but at various distances

from the dumpsite, including two reference

dives at about 39.3°N, 70.7°W (S of Mas-

sachusetts) (J. Frederick Grassle, personal

information).

The specimens were fixed in formalin,

stained with Rose Bengal, and stored in

70% ethanol. They were later stained with

alcoholic paracarmine and mounted whole

in Canada balsam. The measurements in the

descriptions refer to this whole-mounted
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material, examined by a light microscope.

The material is deposited in the National

Museum of Natural History (USNM),
Smithsonian Institution, Washington, D.C.,

and the Swedish Museum of Natural His-

tory (SMNH), Stockholm.

Taxonomy

Class Clitellata

Family Tubificidae

Subfamily Phallodrilinae

Genus Bathydrilus Cook, 1970

Bathydrilus medius Erseus, 1983

Fig. lA-B

Bathydrilus medius Erseus, 1983a: 140-

142, fig. 9.

New material examined.—USNM
(1018636), sexually mature specimen in

two parts (on two slides), from continental

slope S of Massachusetts, U.S.A., 39.33°N,

70.66°W, 2610 m {Alvin dive # 3076); 8 Jun

1996. USNM (1018637), immature speci-

men in two parts (on two slides), from same

dive.

Description of new, sexually mature

specimen.—Length 6.4 mm, 37 segments.

Width at clitellum 0.33 mm, but this region

much flattened by coverslip; preclitellar and

postclitellar parts of body only 0.08-0.14

mm wide. Prostomium damaged. Clitellum

well developed, extending over 1/2X-XII.

Chaetae (Fig. lA) bifid, with diverging,

subequal teeth; upper tooth slightly thinner

than lower. Bifids 55-65 jjim long, 2-2.5

|jLm thick, three to four per bundle in pre-

clitellar segments, two per bundle in mid-

body, mostly three per bundle in posterior

part of body. Ventral chaetae of segment XI
absent. Male pores paired, in line with ven-

tral chaetae, in middle of XI; each pore as

a small copulatory sac covered by a papilla

formed by a fold of body wall. Spermathe-

cal pores paired, in anteriormost part of X;

pores appear dorso-lateral, but exact posi-

tion not established.

Pharyngeal glands poorly developed.

Male genitalia (Fig. IB) paired. Vas defer-

ens about 7 |jLm wide, thin-walled, not ob-

served in its whole length, but entering ec-

tal part of atrium. Atrium cylindrical, sig-

moid, totally about 270 |JLm long, with en-

talmost part about 50 \lvc\ wide, tapering to

about 25 |JLm wide at ectal, duct-like part.

Most of atrium heavily muscular, with mus-

cle layer up to about 7 jjim thick; ectal duct

less muscular. Atrium opening into small

copulatory sac. Ental, apical end of atrium

in posterior end of segment XL Anterior

prostate gland communicating with ectal

part of atrium, near entrance of vas defer-

ens. Posterior prostate located near ental,

apical end of atrium, and extending into

XII, but actual entrance into atrium not ob-

served. Spermathecae elongated oval, about

135 |xm long, about 70 ixm wide, but exact

outline not clear in specimen; ducts incon-

spicuous, ampullae with large globules of

secretion (in walls?) and irregular lumen

containing loose sperm.

Remarks.—The second specimen is im-

mature, but its somatic features conform to

those of the sexually mature worm.

Bathydrilus medius was originally de-

scribed on the basis of two specimens from

a locality at about 3350 m depth, southwest

of Ireland (Erseus 1983a). The present ma-

ture specimen has more sigmoid atria than

those reported for the type material, but this

may be merely a result of muscular con-

traction (i.e., shortening) of its body. More
noteworthy is that its spermathecal pores

appear to be dorso-lateral, rather than lat-

eral as was clearly observed for the North-

east Atlantic material (Erseus 1983a: 141);

we did not find it necessary to re-examine

the type specimens. However, even if this

difference is real (i.e., if the present worm
indeed has dorso-lateral pores), it could be

interpreted as intra-specific, considering the

great geographical distance between the

two populations of B. medius studied.

Distribution and habitat.—South of

Massachusetts (U.S.A.) in Northwest Atlan-

tic (new record), and off Ireland/France in

Northeast Atlantic. Deep-sea sediment,

2610-3356 m depth.
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Fig. 1. A, B: Bathydrilus medius Erseus. A, Free-hand drawing of chaeta (ectal portion). B, Ventral view of

male genitalia in segment XI. C-F: Bathydrilus sandersi Erseus. C, Ectal portion of chaeta from segment III.

D, Ectal portion of chaeta from segment IV. E, Ectal portion of chaeta from posterior end of worm. F, Ventral

view of male genitalia and spermathecae in segments X-XI. Abbreviations: a, atrium; ep, epidermal papilla;

mp, male pore; prl, anterior prostate gland; pr2, posterior prostate gland; s, spermatheca; vd, vas deferens.

Bathydrilus sandersi Erseus, 1983

Fig. IC-F

Bathydrilus sandersi Erseus, 1983a: 139—

140, fig. 8.

New material.—USNM (1018638-

1018639), two specimens (one complete,

sexually mature; the other a posterior end

only) from continental slope E of Delaware,

U.S.A., 38.57°N, 72.50°W, 2625 m {Alvin

dive # 3078); 10 Jun 1996. SMNH Main
Coll. 46160-46161, two sexually mature

specimens from same site, but 2630 m (dive

# 3077); 9 Jun 1996.

Description.—Length of single complete

specimen 10.5 mm, with 43 segments.

Width at segment XI, 0.19-0.24 mm. Pro-

stomium pointed, triangular, rather muscu-

lar, and with more or less demarcated apical

papilla. Anus somewhat subterminal on py-

gidium. Clitellum poorly developed. In seg-

ments II-III, chaetae bifid with upper tooth

slightly smaller than lower (Fig. IC) or sin-

gle-pointed (Fig. ID); these chaetae about

50 |jLm long, about 2 (xm thick, generally

one or two (occasionally three or zero) per

bundle. From IV onwards, chaetae sharply

single-pointed (Fig. IE), 55-70 [xm long.
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2-3 |JLm thick, two to four (occasionally

one) per bundle; those of postclitellar seg-

ments seldom more than two per bundle.

Chaetae absent from segment bearing male

pores; no modified genital chaetae present.

Male pores paired, in line with ventral

chaetae, located posterior to middle of seg-

ment X (one specimen) or XI (two speci-

mens). Spermathecal pores paired, located

dorsal to lateral lines, almost in line with

dorsal chaetae, in anteriormost part of seg-

ment immediately preceding the male pore

segment.

Pharynx wide, conspicuous. Pharyngeal

glands poorly developed. Male genitalia

(Fig. IF) paired. Vas deferens about 10-13

|jLm wide, thin-walled, somewhat coiled, en-

tering (together with stalk of anterior pros-

tate gland) ectal end of atrial ampulla; i.e.,

approximately where atrium narrows

abruptly to form its ectal duct (see below).

Atrium consisting of oval-to-spindle-shaped

(generally somewhat twisted) ampulla,

135-160 jjim long, 60-100 jiim wide, with

10-20 |jLm thick muscular layer and some-

what granulated and ciliated inner epitheli-

um, and ectal muscular duct; latter shorter

and distinctly narrower than ampulla and

leading to copulatory organ. This organ an

epidermal papilla (Fig. IF, ep) inside a

small copulatory sac. Spermathecae (Fig.

IF, s) consisting of narrow, short, but dis-

tinctly muscularized ducts, and thin-walled,

oblong ampullae; latter 160-240 fjim long,

70—90 |jLm wide, lacking muscular layer,

but containing dense masses of sperm.

Remarks.—This species was originally

described on the basis of three specimens

from abyssal depths SW of Ireland, in the

Northeast Atlantic (Erseus 1983a). The new
material conforms well to the original de-

scription, even in terms of dimensions of

the chaetae and various genital structures.

It is particularly noteworthy that the geni-

talia are located in segments IX-X in one

of the new specimens from the Northwest

Atlantic, while genitalia normally are in X-
XI in tubificids; the genitalia were in such

a forward position (in either VIII-IX, or

IX-X) also in the three Northeast Atlantic

specimens.

The presence of an epidermal papilla in-

side each copulatory sac was noted as a

possibility in the original description (Er-

seus 1983a: 140: "..atrial duct opening into

a deep vagination, the wall of which is

thickened at inner end (possibly a papilla is

present here, as in B. meridianus Erseus

(1979a, fig. 6); but this is not quite clear in

available material)"; see also Erseus

(1983a, fig. 8C), where the thickening is de-

picted, albeit partly hidden by the atrial

duct). The papillar nature of the structure is

confirmed by the new material of B. san-

dersi (Fig. IF, ep).

This study has also shown that Bathydri-

lus sandersi has a somewhat muscular pro-

stomium equipped with a small apical pa-

pilla, a feature shared by three other deep-

sea species of Bathydrilus, B. asymmetricus

Cook, 1970a, B. atlanticus Erseus, 1979a,

and B. hadalis Erseus, 1979a. It is note-

worthy that two deep-sea representatives of

the large genus Grania Southern, 1913

(family Enchytraeidae), G. torosa Rota &
Erseus, 2003, and G. papillinasus Rota &
Erseus, 2003, possess similar frontal papil-

lae (see Rota & Erseus, 2003, figs. 12A,

13A). Other deep-sea Tubificidae (e.g., At-

lantidrilus hamulus Erseus, 1992, Mexidri-

lus grasslei (Erseus, 1984), and M. obtusus

Erseus, 1992) have triangular prostomia but

with less demarcated tips, while at least two

abyssal species, Atlantidrilus rostratus (Er-

seus, 1984), and Adelodrilus fimbriatus Et-

seus, 1983b, appear even further modified;

their prostomium as a whole being pro-

longed into a conspicuous muscular

"snout."

The occurrence of muscle fibers in the

prostomium is reported for members of sev-

eral oligochaetous families. Such muscula-

ture, which is embryologically derived

from a forward extension of the anterior

ends of the mesodermal bands (Dales 1963,

Anderson 1973), takes either the form of

parietal layers (the circular and longitudinal

ones sometimes arranged in a reversed or-



896 PROCEEDINGS OF THE BIOLOGICAL SOCIETY OF WASHINGTON

der with respect to that characteristic of the

segmental body wall, e.g., in the haplotaxid

Haplotaxis ichthyophagous Gates, 1971,

Brinkhurst & McKey-Fender 1991), or of

muscle strands or laminae running trans-

versely across the lumen of the prostomium

(e.g., in species of the enchytraeid genera

Achaeta and Oconnorella (Vejdovsky,

1884: plate VII, fig. 1, Rota & Healy 1999),

or, particularly for species with elongate

prostomia, of longitudinal straps running

backwards to the walls of the first two seg-

ments (e.g., in the "criodrilid" Criodrilus

lacuum Hoffmeister, 1845 [family Almidae

according to Jamieson, 1988]; Vejdovsky,

1884: plate XIV, fig. 1). By contraction of

the circular parietal musculature or of trans-

verse luminal fibers, the prostomium nar-

rows, whereas contraction of the longitu-

dinal fibers produces its shortening or even

its retraction into the peristomium (both

changes of shape are reported in the Tubi-

ficidae, e.g., in species of Duridrilus, Lim-

nodriloides, and Tectidrilus; see Erseus

1990a, b). Such a deformable cephalic end

can be used in combination with the buccal

lips for food manipulation (e.g., in megad-

riles; Darwin 1881, Gates 1982) or as a sen-

sitive proboscis for exploring the surround-

ings [as hypothesized for Capilloventer lon-

gicapitus Pinder & Brinkhurst, 1997 (Cap-

illoventridae); see original description].

However, for animals dwelling in fine deep-

sea sediment, heavily muscularized, mov-
able prostomia are likely to be primarily an

adaptation for burrowing, in contrast to the

situation for the interstitial oligochaetous

species commonly inhabiting sandy conti-

nental shelf bottoms. Until more detailed

morphological studies have been made, the

function of the apical papilla remains un-

clear, but we propose it may act as a sen-

sory structure. At any rate, as such papillae

are rare among other marine tubificid taxa,

as well as among the many shallow-water

Grania species, we can assume their inde-

pendent evolution (by convergence) in at

least two lineages of deep-sea oligochaetes.

Distribution and habitat.—E of Dela-

ware (U.S.A.) in Northwest Atlantic (new
record), and SW of Ireland in Northeast At-

lantic. Deep-sea sediment, 2625-3356 m
depth.

Other Tubificidae

The following species (all except T. acu-

leatus are members of Phallodrilinae) were

also found in this study (see Table 1 for

authorities).

Tubificoides aculeatus (Tubificinae) was
collected during all dives (including those

at the dump site, E of Delaware), at 2603-

2630 m. This species is already well known
from many stations, at 1330-2946 m, S of

Massachusetts (Cook 1970a, b; Erseus

1984).

Mexidrilus grasslei and Adelodrilus fim-

briatus were found at eight and four dive

sites (including some at the dump site, E of

Delaware), respectively, in both cases rang-

ing 2603-2630 m. Both taxa were previ-

ously known from the continental slope S

of Massachusetts, at about 1800 m (Erseus

1983b, 1984). Mexidrilus grasslei also oc-

curs at 1330 m depth in the Gulf of Mexico

(Erseus 1988).

Finally, a single specimen of Atlantidri-

lus biparis was encountered during dive #

3078 (E of Delaware, 2625 m). This species

is already known from S of Massachusetts

(at 1764 m; Erseus 1984), as well as from

W of Brittany, France (at 2160-2798 m;

Erseus 1983a).

Discussion

Bathydrilus medius and B. sandersi are

new records for the Northwest Atlantic

Ocean, whereas the other tubificids found

in the present study were already known
from this sector of the continental slope/rise

off the eastern U.S.A.

Deep-sea oligochaetes were first de-

scribed by Cook (1970a, b), and have sub-

sequently been reported from all major

oceans. This paper deals with the North At-

lantic species, but tubificids have been ob-

tained from great depths also in the Indian
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Table 1.—Oligochaete species exclusively reported from depths greater than 200 m in the North Atlantic

Ocean, ordered according to their deepest known record; data compiled from Coates & Erseus (1985), Cook
(1970a, b), Erseus (1979a, b, 1982a, b, 1983a, b, 1984, 1988, 1989c, d, 1991, 1992), Erseus & MiUigan (1989),

and Rota & Erseus (2003). All except Grania spp. (Enchytraeidae) are members of Tubificidae. Species distri-

butions are indicated for the western ("West", Northwest Atlantic) and eastern ("East", Northeast Atlantic)

sides of the ocean.

Species

Distribution
Depth range

West East (m)

X 2000^850
X X 1600^632
X — 2900-3753

X X 1800-3753

X — 3670-3685

X — 1839-3685
— X 3338-3356

X X 2625-3356

X X 2610-3356

X — 3006-3011

X — 2002-3009

X — 1330-2946

X — 618-2902

X X 2630-2885
— X 2875

X — 622-2853
— X 2730-2825
— X 2205-2798

X X 1764-2798

X — 1330-2630
— X 2160-2227
— X 2165-2207

X — 2114

X — 1330-2064

X — 1839-2000

X — 1991

— X 1491-1800
— X 1170-1800

X X 556-1796

X — 1456-1518

X — 1000-1518

X — 625-860

X — 840-841

X — 807

X — 799

X — 583

X — 540-582

X — 320-547

X — 540

X — 540

X 242

Tubificoides sp. ?*

Bathydrilus atlanticus Erseus, 1979a

Abyssidrihis reimis (Erseus, 1979b)

Abyssidrilus profundus (Cook, 1970a)

Atlaiitidrilus rostratus (Erseus, 1984)

Adelodrilus fimbhatus Erseus, 1983b

Atlantidrilus quadhsetis Erseus, 1982a

Bathydrilus sandersi Erseus, 1983a

Bathydrilus rnedius Erseus, 1983a

Abyssidrilus potens Erseus, 1992

Abyssidrilus opulentus Erseus, 1992

Tubificoides aculeatus (Cook, 1970b)

Bathydrilus connexus Erseus, 1988

Grania papillinasus Rota & Erseus, 2003

Atlantidrilus styloatriatus (Erseus, 1979b)

Bathydrilus longiatriatus Erseus, 1983a

Bathydrilus desbruyeresi Erseus, 1983a

Atlantidrilus vulnus (Erseus, 1983a)

Atlantidrilus biparis (Erseus, 1983a)

Mexidrilus grasslei (Erseus, 1984)

Gianius cristolatus (Erseus, 1983a)

Pirodrilus pinguis (Erseus, 1983a)

Atlantidiilus hamulus Erseus, 1992

Bathydrilus asymmetricus Cook, 1970a

Adelodrilus voraginus (Cook, 1970a)

Abyssidrilus altoides Erseus, 1992

Bathydrilus graciliatriatus Erseus, 1979a

Grania torosa Rota & Erseus, 2003

Grania atlantica Coates & Erseus, 1985

Phallodriloides lobatus (Erseus, 1983)

Limnodriloides sphaerothecus Erseus, 1982b

Mexidrilus constrictus (Erseus, 1988)

Mexidrilus vescus (Erseus, 1989c)

Phallodriloides pinnulatus Erseus, 1992

Mexidrilus obtusus Erseus, 1992

Olavius rallus Erseus, 1991

Tubificoides paracrinitus E. & Milligan, 1989

Tubificoides crinitus Erseus, 1989d

Tubificoides pequegnatae E. & Milligan, 1989

Limnodriloides olearius E. & Milligan, 1989

Tubificoides bruneli Erseus, 1989d

* This taxon, identified as '"?Peloscoles gabriellae Marcus, 1950" by Cook (1970a), is probably one (or two?)

deep-water species of Tubificoides, and not identical to Tectidrilus gabriellae (Marcus, 1950) (see Erseus, 1982b).
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(Erseus 1986) and Pacific Oceans (Erseus

1979a, 1989a, b). The deepest finds so far

concern two Pacific phallodrilines living in

the hadal zone, Bathydrilus hadalis at 7298

m in the Aleutian Trench (Erseus 1979a),

2ind Abyssidrilus hessleri (Erseus, 1989b) at

5916 m near the Philippine Trench.

Table 1 lists all (41) oligochaete taxa re-

ported exclusively from depths greater than

200 m in the North Atlantic, the deepest

record being from 4850 m. Thirty-three

species are known from the American side

of the ocean, and this includes some records

from the Gulf of Mexico, and from off Su-

rinam (north of South America), while a to-

tal of 15 species have been found in the

deep sea off Europe. Seven species are re-

ported from both sides of the ocean. Al-

though this latter group makes up only

about 17% of the total North Atlantic deep-

sea oligochaete fauna known to date, a

striking pattern with regard to the depth dis-

tribution emerges. Five tubificids and one

enchytraeid among these seven amphi-At-

lantic oligochaete taxa all extend well into

the abyssal zone; i.e., they reach bottoms

that are at least between 2798 and 4632 m
deep, and none of them has been found

shallower than 1600 m. On the other hand,

among 21 species solely recorded from bot-

toms between 242 and 2798 m, only G. at-

lantica (Enchytraeidae) has so far been col-

lected from both sides of the ocean. In fact,

G. atlantica is known also from the South

Atlantic Ocean (Coates & Erseus 1985).

Thus, the abyssal oligochaete species, here

referring to the species extending their

ranges from the continental slope down to-

wards the abyssal plain, tend to be more
widely distributed in the North Atlantic

than the bathyal species (i.e., those restrict-

ed to the continental slopes), which appear

to be largely endemic to one or the other

side of the ocean. This pattern may be ex-

plained by the more or less continuous ex-

tension of abyssal habitats across the Atlan-

tic; i.e., although the North American Basin

(in the west) is separated from the Canary

and North Eastern Atlantic Basins (in the

east) by the Mid-Atlantic Ridge, the latter

has numerous passages that are between

3000 and 4000 m deep (see, e.g.. The
Times' Atlas of the World. Comprehensive

ed.).

As reviewed by Wilson & Hessler

(1987), there are numerous examples in the

literature of deep-sea species that are said

to be widespread or even cosmopolitan, but

it has also been pointed out (Wilson & Hes-

sler 1987:187) that "the perceived size of

species distributions may be directly cor-

related with the broadness of species con-

cepts." For the North Atlantic deep-sea ol-

igochaetes (Table 1), however, too much
lumping does not seem to be a major prob-

lem, as such a large majority (83%) of the

species are so far recorded only from one

side of the ocean.

Due to the scarcity of records, it would

be premature to draw any detailed conclu-

sions about the amount of endemism of oli-

gochaetous Clitellata within different parts

of the North Atlantic deep sea. The data

available suggest that the abyssal species

are more widely distributed than the bathyal

ones, but this pattern needs to be corrobo-

rated (or refuted) by additional collections

from various areas of the North Atlantic

Ocean. In this context, material from the

Newfoundland Basin, the Mid-Atlantic

Ridge, and the continental slopes south of

Greenland and off the Reykjanes Ridge, all

areas from which no oligochaetes are yet

recorded, would be particularly important.
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Abstract.—Two new genera of pea crabs of the family Pinnotheridae, Hol-

otheres and Buergeres, members of which are parasites of sea cucumbers, are

described from the Indo-West Pacific. Species of Holotheres are characterized

by having all the dactyli of the walking legs of females short and subequal in

length, with the spatuliform dactylus of the third maxilliped inserted very near

or at the base of the propodus. Species of Buergeres are characterized by

having the last dactyli of the walking legs of females elongate and longer than

those of the other legs, with the subspatuliform dactylus of the third maxilliped

inserted distinctly before the base of the propodus. Holotheres and Buergeres

are compared to other genera whose members are associated with holothurians,

Holothuriophilus Nauck, 1880, and Alain Manning, 1998 (obligate parasites);

as well as Pinnaxodes Heller, 1865 (facultative parasites).

In a synopsis of the Pinnotheridae, Man-
ning (1993a: 127, 128) defined the genus

Pinnotheres Bosc, 1802, sensu stricto as

having a subhexagonal or subcircular cara-

pace without any surface ornamentation or

sculptures, a third maxilliped which has the

ischium and merus completely fused (with-

out any trace of a suture) and a three-seg-

mented palp in which the dactylus is slen-

der, inserted basally on the propodus; the

dactyli of the first to fourth walking legs are

subequal and similar, short and strongly

curved, with the tips simple; and all the

seven male abdominal somites are free.

Manning (1993a), however, did not treat

most of the species of Pinnotheres which

live in holothurians, all of which have a

third maxilliped in which the dactylus is not

slender but spatuliform to subspatuliform.

* Deceased 18 January 2000.

In addition, the third maxilliped of most of

these species has the inner margin usually

angular, and the carpus of the third maxil-

liped is distinctly shorter than the propodus

that is relatively long and slender. In this

combination of characters, these species are

very different from almost all other taxa

now classified in Pinnotheres sensu stricto

or any of the other non-holothurian sym-

biotic genera recognized or described by

Manning (1993a, 1993b) and other work-

ers. Manning (1993a: 128) did note briefly

in his synopsis, however, that one genus

parasitic in holothurians, Holothuriophilus

Nauck, 1880, was valid, and subsequently

elaborated more on this (Manning 1993b).

Currently, 16 species of pinnotherid

crabs are known to be parasites of holothu-

rians, and of these, 13 occur only in the

Indo-West Pacific (see Schmitt et al. 1973,

Hamel et al. 1999). The eastern Pacific spe-
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cies which are obHgate parasites in holo-

thurians are both members of Holothurio-

philus Nauck, 1880, although one species

of Opisthopus Rathbun, 1893, is occasion-

ally found in sea cucumbers (Rathbun

1918, Schmitt et al. 1973). The 13 Indo-

West Pacific species are Alain crosnieri

Manning, 1998 (Indonesia); Ostracotheres

holothuriensis (Baker, 1907) (South Austra-

lia); Pinnaxodes major (Ortmann, 1894)

(Japan); Pinnotheres deccanensis Chopra,

1931 (southern India); P. flavus Nauck,

1880 (Philippines); P. halingi Hamel, Ng &
Mercier, 1999 (Solomon Islands); P. holo-

thuriae Semper, 1880 (Philippines); P. ort-

manni Burger, 1895 (Philippines, Peninsu-

lar Malaysia, Singapore); P. pilumnoides

Nobili, 1905 (Red Sea, Gulf of Aden); P.

semperi Burger, 1895 (Java, Sumatra, Su-

lawesi, Singapore); P. setnai Chopra, 1931

(Andaman Islands); P. tenuipes Burger,

1895 (Philippines); and P. villosissimus Do-

flein, 1904 (Sumatra, Andaman Islands,

New Guinea) (Chopra 1931, Schmitt et al.

1973, Pregenzer 1988, Van den Spiegel &
Jangoux 1989, Hamel et al. 1999).

Most of the species parasitic in holothu-

rians now placed in Pinnotheres sensu lato

can, however, be divided into two distinct

"groups" on the basis of the dactyli of their

walking legs and form of the third maxil-

liped (see Hamel et al. 1999). Members of

one "group" {P. semperi, P. flavus, P. vil-

losissimus and P. setnai) have all the dac-

tyli of the female walking legs short and

similar in length, and the dactylus of the

palp of the third maxilliped inserted at the

base of the propodus. Members of the sec-

ond "group" {P. ortmanni, P. holothuriae,

P. tenuipes and P. deccanensis) have the

dactyli of the last female walking leg sty-

liform and much longer than the short and

hooked dactyli of the other three pairs of

legs, and the dactylus of the palp of the

third maxilliped inserted well before the

base of the propodus.

The present paper serves to diagnose two

new genera for these two "groups". The
abbreviations MXP3 refers to the third

maxilliped; WLl-4 refer to the first to

fourth walking legs respectively; and Gl to

the male first pleopod. The terminology fol-

lows Manning (1993a). Measurements are

of the carapace width and length, respec-

tively. Specimens examined are deposited

in the Zoological Reference Collection of

the Raffles Museum, National University of

Singapore (ZRC); Senckenberg Museum,
Frankfurt-am-Main (SMF); National Sci-

ence Museum, Tokyo (NSMT); Zoological

Museum of the University of Copenhagen
(ZMUC); and National Museum of Natural

History, Smithsonian Institution, Washing-

ton, D.C. (USNM).

Notes on the Material of Otto Burger

A note on the pinnotherid material of

Semper, Nauck and Burger in the USNM is

necessary. In 1906, the USNM received six

lots of pinnotherid crabs on exchange from

the University of Gottingen in Germany.

This material was from the collections

made by C. Semper and was used for sev-

eral studies by Semper (1880), Nauck
(1880) and Burger (1895), all of whom
were at the University of Gottingen. All of

this material was reported by Burger

(1895). This shipment included: Pinnoth-

eres ajflnis Burger, 1895 (1 ovigerous fe-

male, 9.5 by 8.2 mm, Bohol, Philippines,

USNM 32435); Pinnotheres exiguus Biir-

ger, 1895 (1 ovigerous female, 5.6 by 4.6

mm, Samar, Philippines, USNM 32432);

Pinnotheres flavus Nauck, 1880 (2 oviger-

ous females, 8.4 by 7.8 mm, 10.0 by 9.5

mm, Zamboanga, Philippines, USNM
32434); Pinnotheres glaber Burger, 1895 (1

ovigerous female, 7.8 by 6.5 mm, Palawan

Island, Palaos Islands, USNM 32431); Pin-

notheres holothuriae Semper, 1880 (2 ovig-

erous females, 10.1 by 9.3 mm, 8.0 by 6.5

mm, Zamboanga, Philippines, USNM
32433); and Xenophthalmus latifrons Biir-

ger, 1895 (1 ovigerous female, 9.5 by 8.1

mm, Bohol, Philippines, USNM 32436).

Mary Jane Rathbun, then Second Assis-

tant Curator of Invertebrates at the USNM,
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considered these specimens to be types.

Checking with various museums, including

the collections in the University of Gottin-

gen, Schmitt et al. (1973) tracked down
many of the specimens of Semper, Nauck
and Burger but commented that the types

of P. exiguus, P. flaviis, P. holothuriae and

X. latifrons were lost or unknown. Curious-

ly, Schmitt did not check his own collec-

tions at the USNM. Apparently, sometime

after 1906, at least some of Semper's ma-

terial was transferred to the Zoological Mu-
seum, Berlin, where the true types of P. af-

finis and P. glaber are still extant (O. Cole-

man, in litt.). There are no types of P. ex-

iguus, P. flavus, P. holothuriae and X.

latifrons in the Berlin Museum (O. Cole-

man, in litt.). The surviving specimens, rep-

resenting the bulk of Semper's material in

the University of Gottingen, were recently

transferred to the Senckenberg Museum.
Michael Tiirkay and Andreas Allspach

kindly provided a list of the extant Gottin-

gen pinnotherid specimens now in the SMF.

Of the species reported from holothurians

by Semper, Nauck and Burger, only speci-

mens of two species are still extant, P. fla-

vus and Holothuriophilus trapeziformis.

There were also several lots in which the

labels have been lost, but examination of

this material by one of us (PKLN) did not

uncover specimens of any pinnotherid spe-

cies parasitic in holothurians. On the basis

of this material, we also provide herein fig-

ures of P. flavus and P. holothuriae, each

of which are transferred to one of the two

new genera here recognized.

Taxonomic Account

HolothereSy new genus

Type species.—Pinnotheres semperi Biir-

ger, 1895, by present designation.

Included species.—Five: H. flavus

(Nauck, 1880), H. halingi (Hamel, Ng &
Mercier, 1999), H. semperi (Burger, 1895),

H. setnai (Chopra, 1931), and H. villosis-

simus (Doflein, 1904).

Diagnosis.—Obligate symbionts in ho-

lothurians. Carapace circular to subcircular,

often highly setose; posterior carapace mar-

gin distinctly convex. WL subequal right

and left; WL3 similar in length, longer than

WL4; female WLl-4 with dactyli short,

similar in length and form. Ischium and

merus of MXP3 completely fused, without

trace of suture; dactylus of palp spatuli-

form, subequal in length to propodus, in-

serted near base of propodus. Gl simple,

curved tube, tapering from base to tip,

slightly recurved distally.

Etymology.—The name is derived from

an arbitrary combination of the name for

sea cucumbers Holothuria, and Pinnother-

es. Gender masculine.

Remarks.—Among taxa wholly symbi-

otic with holothurians, Holotheres is per-

haps closest to Holothuriophilus Nauck,

1880, sensu Manning, 1993b (type species

Holothuriophilus trapeziformis Nauck,

1880). The dactylus and propodus of the

palp of MXP3 of Holothuriophilus species

(Fig. 7C), however, is distinctly shorter than

those oi Holotheres species (Figs. IB, 3B).

In any case, Holothuriophilus is known
only for certain from the eastern Pacific

(Manning 1993b). Takeda & Prince Masa-

hito (2000) transferred Pinnaxodes mutuen-

sis (Sakai, 1939), which is known only

from bivalves, to Holothuriophilus but we
do not agree (see "Notes on Pinnaxodes

and Holoturiophilus'').

Two other genera, Pinnaxodes Heller,

1865, and Opisthopus Rathbun, 1893, have

some species which are facultatively found

in holothurians (Rathbun 1918, Schmitt et

al. 1973), and have carapaces and MXP3
similar to those of Holotheres. Species of

Holotheres can be easily separated from

Pinnaxodes in having the posterior carapace

margin prominently convex (Figs. lA, J,

2A, 3A) (versus slightly convex to almost

straight. Fig. 6A, E), a proportionally lon-

ger dactylus and propodus of the MXP3
(Figs. IB, 3B versus Fig. 6B, F), the dac-

tylus of the MXP3 is inserted near the base

of the propodus (Figs. IB, 3B) (versus in-

serted V?, from base of propodus) (Fig. 6B,
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Fig. 1. Holotheres semperi (Burger, 1895). A-I, neotype male (7.9 by 7.2 mm) (ZRC 1965.11.24.40); J,

female (10.7 by 10.2 mm) (ZRC 1965.11.24.41). A, overall view of specimen (setae on right half of body

denuded); B, left MXP3, outer view; C, right chela, outer view; D, WLl; E, WL2; F, WL3; G, WL4; H, male

abdomen; I, left Gl; J, carapace, dorsal view. (Except for A, all structures denuded.) Scales: A, J = 5.0 mm,
B-I = 1 .0 mm.

F), the ischium and merus are completely

fused without any trace of a suture (Figs.

IB, 3B versus Fig. 6B, F), and the male

telson is semicircular (Figs. IH, 2G) (versus

usually medially expanded laterally to form

rounded to subpentagonal structure, cf.

Campos et al. 1998: fig. 3A, C; Takeda &
Masahito 2000: fig. 4B) (see also Campos
et al. 1998, Takeda & Prince Masahito

2000). Opisthopus has the same male ab-

domen form as Holotheres, but can be sep-

arated by the same carapace and MXP3
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characters discussed above for Pinnaxodes

(see Campos et al. 1998, Campos & Man-
ning 2000).

Of the five species here included in Hol-

otheres, the types of two species, H. sem-

peri (Burger, 1895) and H. flavus (Nauck,

1880), are considered to be lost. The tax-

onomy of only H. semperi and H. flavus are

discussed herein. Holotheres setnai has

been well described and figured by Chopra

(1931). Holotheres halingi has been de-

scribed and figured in detail by Hamel et

al. (1999). Holotheres villosissimus (see

Doflein 1904, Van den Spiegel & Jangoux

1989) is not well known and must be re-

described when fresh specimens become
available.

Holotheres semperi (Burger, 1895)

Fig. 1

Pinnotheres semperi Biirger, 1895:382, pi.

9 fig. 28, pi. 10 fig. 27.—Lanchester,

1900:761.—Chuang, 1961:189, pi. 94.—
Schmitt et al., 1973:85. (See Schmitt et

al. (1973:85) for additional references).

Neotype.—M2i\Q (7.9 by 7.2 mm) (ZRC
1965.11.24.40) in respiratory tree of Holo-

thuria scabra, coll. S. H. Chuang, 1950s.

Other material examined.— 1 female

(10.7 by 10.2 mm) (ZRC 1965.11.24.41),

same data as neotype. 1 male (10.5 by 10.0

mm), 1 female (4.8 by 4.3 mm) (ZRC
1965.11.24.38-39), in cloaca of Holothuria

scabra, coll. S. H. Chuang, 1950s. 2 males

(7.7 by 6.8 mm, 7.0 by 6.6 mm), 2 females

(11.2 by 9. mm, 10.7 by 9.0 mm) (all spec-

imens badly damaged and carapace crushed

in parts) (ZRC 1965.11.24.34-37), in clo-

aca of Holothuria scabra, coll. S. H.

Chuang, 1950s. 1 male (8.4 by 7.9 mm)
(ZRC 1965.11.24.16), 6-12 fathoms, from

sea cucumber, Pulau Tekong, Singapore,

coll. M. W. F. Tweedie, 1960s.

Diagnosis.—Male carapace subquadrate,

width to length ratio ca. 1.1; female cara-

pace subcircular, width length ratio 1.1-1.2;

dorsal surface gently convex, covered with

dense layer of short setae longer along lat-

eral regions, completely obscuring outline

and surface; intestinal region slightly de-

pressed. Anterolateral margin of male al-

most straight, lateral margin gently convex,

posterolateral margin gently concave; an-

terolateral and lateral margin of female

more confluent, gently convex; sub-bran-

chial surface densely setose. MXP3 with is-

chium and merus completely fused, without

trace of suture, subovate, inner margin sub-

angular submedially; exopod relatively

stout, outer margin convex, with well de-

veloped setae on flagellum; palp 3-seg-

mented, propodus elongate, conical, sub-

equal in length to dactylus; dactylus spa-

tuliform, articulates at base of propodus.

Chelipeds subequal; surfaces of merus, car-

pus, palm and fingers densely covered with

setae, those on inner surfaces relatively lon-

ger; palm relatively stout; fingers shorter

than palm; cutting edges of dactylus and

propodus each with sub-basal large tooth

and numerous denticles before and after it;

distalmost part of fingers excavated on in-

ner surface. WL relatively stout, WL2 >
WL3 > WLl > WL4 in length (basis-is-

chium to tip of dactylus); dactyli of WLl-
4 relatively long, sharply tapering, all sub-

equal in length; dorsal and ventral margins

of meri, carpi and propodi of all legs dense-

ly lined with setae of various lengths, com-

pletely obscuring margins. Male abdomen
with all 6 segments distinct, freely articu-

lating, telson semicircular; lateral margins

of segments 3-6 gently concave. Female

abdomen with all segments freely articulat-

ing. Gl relatively slender, gently sinuous,

tip distinctly curving upwards.

Biology.—Holotheres semperi has been

reported from inside Holothuria fursociner-

ea and H. scabra (see Schmitt et al. 1973).

Remarks.—The identity of Pinnotheres

semperi Burger, 1895, is a problem. In de-

scribing the species on the basis of one

male and one female. Burger (1895:382, pi.

9 fig. 28, pi. 10 fig. 27) described and fig-

ured a female specimen with a subhexagon-

al carapace highly setose over its carapace

and legs, well produced triangular frontal
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margin, WL4 substantially shorter than the

rest of the legs, and MXP3 in which the

dactylus of the palp is spatuliform and as

long as the propodus. A pair of specimens

was subsequently reported by Lanchester

(1900:761) who noted: "The specimens

which Dr. Burger has described came from

the cloaca of Hoi. fusco-cinerea; whereas

the specimens we obtained from that Ho-

lothurian are, I find, referable to P. ortman-

ni. The host, from which came Dr. Burger's

example of the latter species, was, I sup-

pose, not known, as he makes no reference

to it. In both these species, the animal was

found high in the respiratory tree, forming

an enormous gall; whether it would be able

to extricate itself from this, and move, at

will, up or down the respiratory tree, I do

not know, but it has the appearance of a

fixture, nolens volens'\ The species was

next reported by Chuang (1961:189) who
noted that the species occurs in the respi-

ratory tree of the sea cucumber, Holothuria

scabra: "A pair of them consisting of a

male and a female may occur in one single

sea cucumber. The relatively thick carapace,

about 1 cm in diameter, is white in colour

and has a circular outline. The cylindrical

legs and both chelipeds are hairy".

In their synopsis of the Pinnotheridae,

Schmitt et al. (1973) stated that the male

and female syntypes of H. semperi (muse-

um number not stated), which were origi-

nally in the University of Gottingen, are no

longer extant. The Gottingen material, as

discussed earlier, was examined by one of

us (PKLN), and it does not contain any

specimens which can be identified with this

species. A check with the Berlin Museum
confirms that the types of H. semperi are

not there (O. Coleman, in litt.). They are

also not in the USNM, and are thus almost

certainly lost.

Comparisons of the present series of

specimens from Singapore and the descrip-

tion and figures of the types by Burger

(1895), however, reveal a number of dis-

crepancies. The relatively prominently pro-

duced triangular frontal margin of the fe-

male figured by Burger (1895: pi. 9 fig.

28a) is an important one. The females on

hand all have very narrow, non-protruding

front, with the margin distinctly sinuous,

and the eyes are not visible in dorsal view

(Fig. IJ). In contrast, males have a more
produced front, appearing subtruncate when
viewed dorsally (Fig. lA). Even when a

specimen is angled such that the anterior

part of the carapace arches upwards, the

frontal margin never appears triangular. The
frontal margins of uncleaned male speci-

mens, however, are densely lined with setae

and when covered with fine sediment, the

"front" does appear to be more triangular

in shape, especially when observed dry and

the setae clump medially. None of the ex-

amined female specimens, however, resem-

ble the specimen figured by Burger, even

when they are not cleaned. It would thus

appear that Burger might have figured an

uncleaned, undenuded male rather than a

female. It is also pertinent to note that the

carapace shapes of the present males agree

well with Burger's figure, although the pre-

sent specimens do not appear to be as se-

tose. The distinct pattern of setae figured by

Burger is certainly not at all apparent in the

present specimens. Burger (1895:382) not-

ed that the male he had, measured 7.0 mm
by 6.8 mm, and the female 6.5 by 6.5 mm.
All the present specimens examined are

broader than long. Lanchester (1900:761),

however, reported that his specimens were

longer than broad (male 10.5 by 11.0 mm,
female 7.75 by 8.0 mm). Whether these

measurements were accurate or if they were

taken from cleaned specimens could not be

ascertained. The very short WL4 is note-

worthy, as none of the present specimens

on hand (male or female) has such a short

WL4 as figured by Burger (1895: pi. 9 fig.

28a). It seems likely though, that the WL4
of Burger's specimen appears shorter than

it actually is because the leg was bent

slightly upwards when it was drawn. The

MXP3 figured by Burger (1895: pi. 10 fig.

27) agrees well with those of the present

specimens, although the dactylus of the
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palp he figured appears slightly less spatu-

liform, the dactylus is subequal in length to

the propodus, and the outer margin of the

fused ischium-merus is more rounded. The

figure, however, is too schematic. The male

abdomen figured by Burger (1895: pi. 9 fig.

28b) is also too schematic to be of much
use, although its general shape and propor-

tions agree with those of the present spec-

imens.

In describing H. setnai from the Anda-

man Islands (as Pinnotheres setnai), Cho-

pra (1931:313) commented that his species

differed from H. semperi in the carapace

being more arched; the front is truncate

with the anterior margin of the front de-

pressed medially (not triangular); the large

chela is more slender, with the palm pro-

portionately longer and the fingers having

well developed teeth; WL4 is very much
smaller than the others; and the propodus

of the palp of MXP3 is longer than the dac-

tylus (not subequal in length). Of the above

differences, as has been discussed earlier,

only the proportions of the chela are really

valid. On the basis jDf Chopra's (1931) ex-

cellent description and figures, it is clear

that H. setnai and H. semperi are very

close. Chopra, however, did not figure the

carapace of the male. On the basis of Cho-

pra's (1931) figures, H. setnai can also be

separated from H. semperi by the relatively

broader and more sinuous female frontal

margin, the more slender ischio-merus of

MXP3, and the carpus of the chelipeds not

possessing a deep longitudinal cleft. Both

species should thus be regarded as separate

for the time being.

The pair of specimens figured by Chuang

(1961: pi. 94: Figs. 2 and 3) is now in the

ZRC (ZRC 1965.11.24.40-41), and the

male, 7.9 by 7.2 mm (ZRC 1965.11.24.40),

is here designated as the neotype of Pin-

notheres semperi Burger, 1895. The speci-

mens are very consistent in all the charac-

ters discussed here. Other than the sexually

dimorphic features of the abdomen and re-

productive structures, the only major dif-

ference is in the shape of the carapace, be-

ing more ovate in the female (Fig. lA ver-

sus Fig. IJ). The form and proportions of

the chela and WLl-4 are not sexually di-

morphic.

Holotheres flavus (Nauck, 1880)

Figs. 2, 3

Pinnotheres flavus Nauck, 1880:23, 66.

—

Burger, 1895:383, pi. 9 fig. 29, pi. 10 fig.

29, 35.—Schmitt et al., 1973:45. (See

Schmitt et al. (1973:45) for additional

references).

Lectotype.—Male (8.6 by 7.9 mm) (SMF
951a), Bohol, Ubay, Philippines, coll. C.

Semper, 1863-1864.

Paralectotypes.—2 males (7.9 by 7.6

mm, 8.0 by 7.6 mm), 2 females (10.3 by

10.0 mm, 8.9 by 8.0 mm) (SMF 951b),

same data as lectotype. 2 ovigerous females

(10.0 by 9.5 mm, 8.4 by 7.8 mm) (USNM
32434), Zamboanga, Philippines, coll. C.

Semper, 1876.

Diagnosis.—Female carapace subcircu-

lar, width to length ratio ca. 1.1; female car-

apace subcircular, width length ratio ca. 1.1;

dorsal surface gently convex, covered with

short setae which obscures outline. Antero-

lateral margin arcuate, posterolateral mar-

gin gently convex; sub-branchial surface

setose. MXP3 with ischium and merus

completely fused, without trace of suture,

subovate, inner margin subangular subme-

dially; exopod relatively stout, outer margin

convex, with well developed flagellal setae;

palp 3-segmented, propodus elongate, sub-

conical, subequal in length to dactylus; dac-

tylus spatuliform, articulates at base of pro-

podus. Chelipeds subequal; inner surfaces

of merus, carpus, palm and fingers covered

with setae; palm relatively stout; fingers

shorter than palm; cutting edges of dactylus

and propodus each with sub-basal large

tooth and several denticles before it. WL
relatively stout, WL2 > WL3 > WLl >
WL4 in length (basis-ischium to tip of dac-

tylus); dactyli of WLl -4 relatively long,

sharply tapering, all subequal in length;

dorsal and ventral margins of meri, carpi
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Fig. 2. Holotheres flavus (Nauck, 1880). Lectotype male (8.6 by 7.9 mm) (SMF 951a). A, overall view of

specimen (setae on right half of body denuded); B, right chela, outer view; C-F, WLl-4 respectively; G, male

abdomen; H, left Gl. (Except for A, H, all other structures denuded.) Scales: A = 5.0 mm, B-H =1.0 mm.
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Fig. 3. Holotheres flavus (Nauck, 1880). Paralectotype female (10.0 by 9.5 mm) (USNM 32434). A, overall

view of specimen; B, left MXP3 (denuded), outer view; C, right cheliped, outer view; D-G, WLl-4 respectively,

denuded. Scales = 1.0 mm.

and propodi of all legs lined with setae of

various lengths, obscures margins. Female

abdomen with all segments freely articulat-

ing.

Biology.—Burger (1895) noted that the

species was collected from an unidentified

holothurian. Nothing else is known.

Remarks.—Holotheres flavus was orig-

inally described by Nauck (1880) (as Pin-

notheres flavus) on the basis of an un-

known number of specimens from an un-

specified site or sites in the Philippines,

obtained from collections there by Semper
(Nauck, 1880:5), although he did not
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explicity state so when describing the spe-

cies. Burger (1895:383) subsequently re-

ported six males and six females collected

by Semper from Zamboanga in the Phil-

ippines. De Man (1887:720, 721), who re-

appraised Nauck's taxa, provided mea-

surements for only one male and one fe-

male (without specific location), suggest-

ing he only had two specimens. Schmitt

et al. (1973:45) commented that there

were "2 syntypes: ZIMB 67/297 [Gottin-

gen Museum], no longer extant; type lo-

cality: 'Philippinen'". How Schmitt et al.

(1973) knew there were only two syntypes

was not stated, perhaps these were the

specimens used by De Man (1887). As
discussed earlier, two of the females from

Gottingen were actually given to the

USNM, and the SMF has taken over from

Gottingen three male and two female

specimens of P. flavus. There are no spec-

imens on this species in the Berlin Mu-
seum (O. Coleman, in litt.). Since Sem-
per's material was used by Nauck, Burger

and De Man, it is reasonable to believe

that all the material on hand are syntypes.

We hereby select a male (8.6 by 7.9 mm,
SMF 951a) as the lectotype of Pinnoth-

eres flavus Nauck, 1880.

Holotheres flavus is similar to H. sem-

peri, but can be distinguished by its more
quadrate male carapace with the lateral

margins straighter, appearing subparallel

(Fig. 2A) (versus more rounded. Fig. lA),

the dorsal surface of the carapace covered

with pubescence only along the margins

(Fig. 2A) (versus uniformly all over, Fig.

lA), and most significantly, the Gl is

more strongly curved, appearing distinct-

ly C-shaped (Fig. 2H versus Fig. II).

BuergereSy new genus

Type species.—Pinnotheres ortmanni

Burger, 1895, by present designation.

Included species.—Four: B. deccanensis

(Chopra, 1931), B. holothuriae (Semper,

1880), B. ortmanni (Burger, 1895), and B.

tenuipes (Burger, 1895).

Diagnosis.—Obligate symbionts in ho-

lothurians. Carapace circular to subcircular,

broader than long. WL subequal right and

left; WL4 dactylus of female much longer

than short, hooked dactyli of WLl-3. Is-

chium and merus of MXP3 completely

fused, without trace of suture; dactylus of

palp subspatuliform, subequal in length to

propodus, inserted distal to base of propo-

dus (V3 to midway from base). Gl a simple

tube, tapering from base to tip, slightly re-

curved distally.

Etymology.—The genus is named in hon-

or of Otto Burger, whose key paper in 1895,

laid the foundation for much of what has

been done recently in pinnotherid taxono-

my. The genus name is derived from an ar-

bitrary combination of Burger's name and

Pinnotheres. The gender is masculine.

Remarks.—The key diagnostic features

of Buergeres are the form of the MXP3
(dactylus subspatuliform, inserted well be-

fore base of propodus), and relative length

of the female WL4 (dactylus much longer

than WLl-3). No other group of pinnoth-

erids associated with holothurians has these

characters. With regards to the form of the

MXP3 and WL4, Buergeres is perhaps

closest to the American Tumidotheres Cam-
pos, 1989, but in members of the latter ge-

nus, the carapace is less rounded with the

front more distinctly produced, and the pro-

podus and dactylus of MXP3 are propor-

tionately shorter (see Campos 1989). Tum-

idotheres is also wholly symbiotic with var-

ious bivalves while Buergeres is an obligate

parasite of holothurians. The relatively sub-

spatuliform dactylus of MXP3 also allies it

with Atlantic and eastern Pacific taxa like

Afropinnotheres Manning, 1993, Nepin-

notheres Manning, 1993, Alainotheres

Manning, 1993, and Raymondia Campos,

2002 (see Manning 1993a, Campos 2002)

but they are quite different in the form of

the carapace and legs. Some genera of pin-

notherids have adult females with the WL3
longest (e.g., Arcotheres Manning, 1993,

see Campos & Manning 2001); or WL2
longest (e.g., the Atlantic Zaops Rathbun,
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1900, and Waldotheres Manning, 1993; see

Manning 1993a, 1993b; Campos and Man-
ning 2000); but in the case of Buergeres,

WLl-3 are more or less subequal in length,

with the dactylus of WL4 longest and more

prominently elongate than the rest. In any

case, none of the species in these genera are

associated with holothurians.

Of the four species presently referred to

Buergeres, two, B. holothuriae (Semper,

1880) and B. ortmanni (Burger, 1895) are

treated here in detail. One of these, B. dec-

canensis (Chopra, 1931) was well described

and figured by Chopra (1931) and its affin-

ities are not in doubt. Buergeres tenuipes

(Burger, 1895) (type locality Ubay, Philip-

pines) was described apparently from only

one female specimen, but on the basis of

Burger's (1895:371, pi. 9 fig. 11, pi. 10 fig.

11) figures of the third maxillipeds and

walking legs, we have little doubt that it

belongs in this genus as well. The type of

B. tenuipes is apparently lost (see Schmitt

et al. 1973:89) and we have not been able

to locate it in any of the depositories we
have checked. ^

Buergeres ortmanni (Burger, 1895)

Fig. 4

Pinnotheres ortmanni Burger, 1895:384, pi.

9 fig. 30, pi. 10 fig. 28.—Schmitt et al.,

1973:61. (See Schmitt et al. (1973:61) for

additional references).

Neotype.—Female (11.4 by 9.5 mm)
(ZRC 2003.59), in holothurian in coral reef,

exposed at edge of reef, Pulau Salu, north-

eastern Singapore, coll. R. U. Gooding, 28

April 1967.

Other material examined.—2 females

(both 12.5 by 11.8 mm) (ZRC 1965.

11.24.14-15), coll. Singapore, no other

data.

Diagnosis.—Female carapace almost cir-

cular, slightly wider than long, width to

length ratio 1.1-1.2; dorsal surface smooth,

gently convex; intestinal region slightly de-

pressed. Lateral margins gently convex;

sub-branchial surfaces densely setose.

MXP3 with ischium and merus completely

fused, without trace of suture, subovate, in-

ner margin subangular at distal Vy, exopod

relatively stout, outer margin gently con-

vex, with well developed flagellal setae;

palp 3-segmented, propodus elongate, lon-

ger than dactylus; dactylus spatuliform, ar-

ticulation point anterior to base of propo-

dus. Chelipeds subequal; inner surfaces of

merus, carpus, palm and fingers densely

covered with relatively long setae; palm rel-

atively stout; fingers shorter than palm; cut-

ting edges of dactylus and propodus each

with sub-basal large tooth and 1 or 2 den-

ticles before it, rest of cutting edges

smooth, almost blade-like; tips hooked. WL
relatively slender, WL2 > WLl > WL3 >
WL4 in length (basis-ischium to tip of dac-

tylus); dactyli of WLl-3 relatively short,

sharply tapering; dactylus of WL4 very

long, ca. 3 times as long as those of other

legs; dorsal margins of meri of all legs rel-

atively densely lined with setae of various

lengths, becoming sparse or absent along

distal one-quarter; ventral margins of pro-

podus of all legs relatively densely lined

with setae on distal half. Female abdomen
with all 6 segments distinct, freely articu-

lating, telson semicircular. Male unknown.

Biology.—This species had been collect-

ed from Holothuria fursocinerea (see

Lanchester 1900). The present specimens

were obtained from an unknown host.

Remarks.—Burger (1895) described

Buergeres ortmanni (as Pinnotheres ort-

manni) on the basis of one ovigerous fe-

male originally obtained by Semper from

"Aibukit" in the Philippines. Burger's

specimen cannot be located in the SMF,

USNM or Berlin Museum, and is presumed

lost, as Schmitt et al. (1973:61) had indi-

cated. Lanchester (1900) subsequently re-

ported the species from Singapore. No other

specimens are known. The present speci-

mens in the ZRC from Singapore agree

with the type description and figures well

and we are confident they are conspecific.

To stabilize the taxonomy of this species

(especially since it is the proposed type spe-
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cies of Buergeres), we hereby select a neo-

type for Pinnotheres ortmanni Burger,

1895, a female specimen measuring 1 1.4 by

9.5 mm from Singapore (ZRC 2003.59).

Buergeres holothuriae (Semper, 1880)

Fig. 5

Pinnotheres ortmanni Semper, 1880:105.

—

Burger, 1895:381, pi. 9 fig. 27, pi. 10 fig.

26.—Schmitt et al., 1973:49. (See

Schmitt et al. (1973:49) for additional

references).

Type material.—Lectotype: ovigerous fe-

male (10.1 by 9.3 mm) (USNM 032433a),

Zamboanga, Philippines, coll. Semper,

1876. Paralectotype: 1 ovigerous female

(8.0 by 6.5 mm) (USNM 032433b), same

data as lectotype.

Diagnosis.—Female carapace almost cir-

cular, slightly wider than long, width length

ratio 1.1-1.2; dorsal surface smooth, gently

convex. Lateral margins gently convex;

sub-branchial surfaces gently setose. MXP3
with ischium and merus completely fused,

without trace of suture, subcircular, inner

margin rounded; exopod relatively stout,

outer margin gently convex, with well de-

veloped flagellal setae; palp 3-segmented,

propodus elongate, longer than dactylus;

dactylus spatuliform, articulation point

slightly anterior to base of propodus. Che-

lipeds subequal; inner surfaces of merus,

carpus, palm and fingers covered with rel-

atively long setae; outer surface of chela

densely covered with short pubescence;

palm relatively stout; fingers shorter than

palm, basal one-third covered with dense

pubescence; cutting edges of dactylus and

propodus each with numerous denticles ex-

cept for almost unarmed distal %. WL rel-

atively slender, WL2 > WLl > WL3 >
WL4 in length (basis-ischium to tip of dac-

tylus); dactyli of WLl-3 relatively short,

distinctly hooked; dactylus of WL4 very

long, ca. 5 times as long as those of other

legs; dorsal and ventral margins of meri of

all legs lined with setae of various lengths;

ventral margins of propodus and dactylus

of all legs lined with setae. Female abdo-

men with all 6 segments distinct, freely ar-

ticulating, telson semicircular. Male un-

known.

Biology.—This species has been collect-

ed from Stichopus variegatus (see Burger

1895), although the record from Holothuria

scabra by Semper may be incorrect (see

Schmitt et al. 1973:44).

Remarks.—Semper (1880) described

Buergeres holothuriae (as Pinnotheres hol-

othuriae) from an unspecified number of

specimens from Zamboanga on Mindanao
island in the Philippines. Burger (1895)

who used Semper's specimens for his study,

reported that he had three males and eight

females available, all of which are regarded

as syntypes. Of these, the USNM has two

females. The SMF does not have any spec-

imens. Schmitt et al. (1973:49) had incor-

rectly stated that the types are no longer

extant. The larger female specimen (10.1 by

9.3 mm, USNM 032433a) is here designat-

ed as the lectotype of Pinnotheres holothu-

riae Semper, 1880.

Notes on Allied Taxa Symbiotic

in Holothurians

The generic affinities of Ostracotheres

holothuriensis (originally described as Pin-

notheres holothuriensis) should be re-ex-

amined in view of recent systematic devel-

opments in the family. The species was de-

scribed from South Australia and has a two-

segmented palp (Baker 1907, Pregenzer

1988), but its carapace form is rather un-

usual. Two other species, Pinnotheres pil-

umnoides and Ostracotheres holothuriensis,

have been reported from hosts other than

holothurians (see Schmitt et al. 1973). The

other species mentioned, all placed in the

genus Pinnotheres thus far, are obligate par-

asites of holothurians and are not known
from other hosts.

Pinnotheres pilumnoides Nobili, 1905,

known only from the Red Sea and Gulf of

Aden, is similar to Holotheres, with short

WL, the last apparently not elongate (al-



VOLUME 116, NUMBER 4 913

Fig. 4. Buergeres ortmanni (Burger, 1895). A-G, neotype female (11.4 by 9.5 mm) (ZRC); H, female (12.5

by 11.8 mm) (ZRC 1965.11.24.14). A, overall view of specimen; B, H, left MXP3 (denuded), outer view; C,

right chela (denuded), outer view; D-G, WLl-4 respectively (denuded). Scales: A = 5.0 mm, B-H = 1.0 mm.

though this is not at all clear from Nobili's

(1905, 1906) descriptions, with the dactylus

of MXP3 subspatuliform and inserted near

the base of the propodus. The dactylus of

MXP3 of P. pilumnoides, however, is much
shorter than the propodus which is also dis-

tinctly shorter compared to other members
of the group, and the inner margin of the

fused ischio-merus is rounded and not an-

gular (Nobili 1905:308, fig. 12). As such,

in some ways, P. pilumnoides resembles

members of the eastern Pacific Holothurio-
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Fig. 5. Buergeres holothuriae (Semper, 1880). Lectotype female (10.1 by 9.3 mm) (USNM 032433a). A,

overall view of specimen; B, left MXP3 (denuded), outer view; C, left MXP3 (denuded), inner view; C, left

chela, outer view; D, WL3 (partially denuded); E, WL4 (partially denuded). Scales =1.0 mm.

philus (sensu Manning 1993b) although

they are clearly not congeneric. We prefer

to exclude P. pilumnoides from the present

discussion until we have an opportunity to

examine specimens of the species. Certain-

ly, as things are, P. pilumnoides does not

fit into any of the Indo-West Pacific pin-

notherid genera now recognized.

Alain Manning, 1998, can be distin-

guished from both Holotheres and Buer-

geres, as well as P. holothuriensis and P.

pilumnoides, in the following characters:

the spatuliform dactylus of MXP3 is in-

serted medially rather than proximally on

the propodus; the carapace is subcircular,

ornamented with few setae dorsally; WL2
and 3 are the longest; the species lives at

slope depths of 399-405 and 457-461 m;

the male abdomen comprises only six so-

mites, with the second and third fused; and

the apex of male first pleopod is complex

rather than simple.

Notes on Pinnaxodes

and Holothuriophilus

The following material has been exam-

ined for the following notes. Pinnaxodes

chilensis: 2 females (14.4 by 12.7 mm, 13.4

by 12.4 mm, carapace broken) (ZMUC),
parasite, in rectum of echinoid Loxechinus

albus (Molina), Chile. Pinnaxodes major: 1

female (13.1 by 11.1 mm) (ZMUC), inland

sea, from bivalve, coll. K. Hatonaka, 7 May
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Fig. 6. A-D, Pinnaxodes major Ortmann, 1894, female (15.4 by 13.0 mm) (ZRC 1999.39a); E-H, Piima.x-

odes mutuensis Sakai, 1939, female (14.2 by 12.6 mm) (NSMT). A. E, dorsal views of carapaces; B, F, left

MXP3 (outer view); C, G, WL3; D, H, WL4. (All structures denuded.) Scales = 1.0 mm.

1935; 2 females (14.7 by 12.5 mm, 15.4 by

13.0 mm) (ZRC 1999.39), 4 females

(NSMT), from Atrina pectinata, Hokkaido,

Japan, coll. Tsukiji Market, Tokyo, P. K. L.

Ng & M. Takeda, 3 February 1999. Pin-

naxodes mutuensis: 1 female (14.2 by 12.6

mm) (NSMT), from Mytilus gallprovinci-

alis, northern Japan, coll. 19 May 1982.

Some comments on the genus Pinnaxo-

des Heller, 1865 (type species Pinnaxodes
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hirtipes Heller, 1865, a subjective junior

synonym of Pinnaxodes chilensis (H. Milne

Edwards, 1837)), are necessary as one

Indo-West Pacific species, P. major Ort-

mann, 1894, has been reported from a ho-

lothurian (Sakai 1939, 1976), although its

preferred host seems to be bivalves. Man-
ning (1993b:524, 525) separated Pinnaxo-

des from Holothuriophilus on the basis of

the carapace shape (greatest width posterior

to the midlength, in Holothuriophilus it is

anterior to the midlength), relatively slender

and elongate dactyli of the WL (short and

stout in Holothuriophilus), and the presence

of a suture between the ischium and merus

of MXP3 (absent in Holothuriophilus)

.

Campos et al. (1998:374) discussed the tax-

onomy of the American P. gigas Green,

1992, and P. floridensis Wells & Wells,

1961, including illustrations, and suggested

that Opisthopus Rathbun, 1893, be regarded

as a separate genus (it had been a junior

synonym of Pinnaxodes).

Takeda & Prince Masahito (2000) dis-

cussed the taxonomy of Pinnaxodes chilen-

sis (an obligate symbiont of sea urchins), P.

major and P. mutuensis Sakai, 1939

(known only from bivalves), and comment-

ed that the latter should be transferred to

Holothuriophilus. They noted that for P.

mutuensis, the "fusion of the ischium-mer-

us of the third maxilliped was not men-

tioned in the original description; it is es-

sentially complete, and a quite imperfect

suture may be traceable only on the external

surface under special light control." (Tak-

eda & Prince Masahito 2000:110). This,

however, is not obvious from their figure

(Takeda & Prince Masahito 2000: fig. 2G)
that does not show any trace of a suture

between the ischium and merus, with only

a suture shown between the ischium and ba-

sis. We compared specimens of all three

species, and the MXP3 of P. major (Fig.

6B) is essentially similar to that of P. mu-
tuensis (Fig. 6F), with a distinct suture pre-

sent between the ischium and basis, but the

ischium and merus are completely fused,

with only the faint trace of a suture demar-

cating the two segments, most clearly seen

under transmitted light. This is the same as

in P. chilensis, although the suture between

the ischium and merus in the present spec-

imen cannot be easily seen (Fig. 7A), being

very faint. However, the MXP3 of P. major

and P. mutuensis differ from that of P. chi-

lensis in that the latter has the dactylus and

propodus proportionately shorter (Fig. 7A,
B). Campos et al. (1998) had commented
that P. gigas and P. floridensis have the

male telsons "basally expanded", forming

a more rounded or pentagonal structure

(Campos et al. 1998: fig. 3A, C). This is

also the case for P. major (see Takeda &
Prince Masahito 2000: fig. 4B), but not P.

mutuensis (see Takeda & Prince Masahito

2000: Fig. 5L). In addition, while P. gigas,

P. floridensis and P. major have their fronts

distinctly produced anteriorly (Fig. 6A;

Campos et al. 1998: fig. 2A, C; Takeda &
Prince Masahito 2000: fig. 4A), the front

barely extends beyond the orbits in P. mu-

tuensis (Fig. 6E; Takeda & Prince Masahito

2000: Fig. 5A, I, J). These differences sug-

gest that P. mutuensis is not a true Pinnax-

odes. However, to refer P. mutuensis to

Holothuriophilus as suggested by Takeda &
Prince Masahito (2000) is also unsatisfac-

tory. Species of Holothuriophilus have

quadrate carapaces which are clearly wider

than long (rather than round) and the WL
are proportionally shorter (Fig. 7D-F; Man-
ning 1993b: figs. 2a, 3). It is also pertinent

to note that while members of Holothurio-

philus are symbiotic in holothurians, P. mu-

tuensis is only known from bivalves. For

the moment, we retain Pinnotheres mutuen-

sis in Pinnaxodes for lack of a better clas-

sification. It may need to be referred to its

own genus at a later date.

The MXP3 of P. chilensis (Fig. 7A, B)

actually closely resembles that of Holothu-

riophilus (see Manning 1993b: fig. 2b, c;

present Fig. 7C), and interestingly, both

taxa are from the eastern Pacific. With re-

gards to the other supposed differences be-

tween Pinnaxodes and Holothuriophilus

mentioned by Manning (1993b), we find
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Fig. 7. A, B, Pinnaxodes chilensis (H. Milne Edwards, 1837), female (14.4 by 12.7 mm) (ZMUC), A, outer

surface of right MXP3, setae removed, suture between ischium and merus very faint, not drawn; B, inner surface

of right MXP3, setae removed, propodus and dactylus detached. C-F, Holothuriophilus trapeziformis Nauck,

1880, lectotype female (7.7 by 4.8 mm) (SMF); C, right MXP3; D-F, WL2-4 respectively. (All structures

denuded.) Scales = 1.0 mm.

the difference in carapace shape not at all

obvious, especially between P. major and

H. trapeziformis. The proportions of the

dactyli of the WL are also not that distinct,

with those of Holothuriophilus only slightly

shorter than those of the three Pinnaxodes

species examined here (Fig. 7D-F).

With regard to the specimen of Holothu-

riophilus trapeziformis in the SMF, it car-

ries the old catalogue number "ZMG 67/

565a" and was collected from Mazatlan,

Sinaloa, in Mexico. Nauck (1880:24, 66)

did not state how many specimens he had

or even where it was from, commenting

only that it was a "Parasit in Holothuria

maxima Semper" (Nauck 1880:66). Burger

(1895:380) subsequently listed one female

(as Pinnotheres trapeziformis) measuring

8.5 by 5.0 mm from Mazatlan, from Hol-

othuria maxima Semper. De Man (1887:

722) also measured one specimen from

Nauck, noting it was a female 13.8 by 10.5
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mm. The size discrepancy between Burger's

and De Man's specimens is difficult to rec-

oncile and suggests that Nauck may have

had more than one specimen. As such, we
prefer to regard the present SMF specimen

as a syntype and we here designate it as the

lectotype of Holothuriophilus trapeziifor-

mis Nauck, 1880. The present female spec-

imen in the SMF (Fig. 7C—F) measures ap-

proximately 7.7 by 4.8 mm, closer to Bur-

ger's data. This specimen is in poor condi-

tion, with the carapace removed, very soft

and somewhat deformed (making precise

measurements difficult).
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Abstract.—Cambarus (Puncticambarus) hystricosus is a new species of cray-

fish that appears to be endemic to certain streams of the Cape Fear River basin

that originate in or flow through the xeric Sandhills district of the Atlantic

Coastal Plain of North Carolina. It shares a number of unusual characters with

C. (P.) spicatus Hobbs of the Broad River basin, and is in many ways similar

to an undescribed Cambarus of the same subgenus with which it is syntopic.

It is readily distinguished from these and other members of the subgenus by a

combination of multiple cervical spines, hepatic spines, an obtuse to subacute

suborbital angle that is almost always devoid of a tubercle or spine, and the

absence of marginal spines or tubercles on the rostrum.

The crayfish whose description follows is

another of the undescribed species in the

complex previously subsumed under the

name Cambarus {Puncticambarus) acumi-

natus Faxon, 1884 (Cooper 2001). The
North Carolina populations of this complex

have also been referred to as Cambarus
{Puncticambarus) sp. C (Hobbs and Peters

1977, Cooper and Braswell 1995), since

probably none are legitimately referable to

C {P.) acuminatus. This new crayfish is

currently known only from certain streams

within or near that part of the Cape Fear

River basin that lies in the xeric Sandhills

district of the Inner Atlantic Coastal Plain.

This is a physiographically distinctive re-

gion of Eocene sediments (Pinehurst For-

mation) that sit atop Cretaceous strata (Mid-

dendorf Formation) at the eastern margin of

the Fall Zone of the Piedmont Plateau, bor-

dered on the east by the Orangeburg Scarp,

a marine escarpment that "is generally con-

sidered to be an early Pliocene wave-cut

feature." (Cabe et al. 1992:177). In contrast

to the flatness of the rest of the Coastal

Plain, the district is characterized by dis-

sected topography, consisting of broad, dis-

continuous ridges and adjacent slopes. In

North Carolina it is traversed by streams in

parts of the Cape Fear, Lumber, and Yad-

kin-Pee Dee river basins. The distinguish-

ing terrestrial floral community of the Sand-

hills is the Pinus palustrisiQuercus cates-

byilAristida stricta association. Aquatic an-

imals known to be endemic to the district,

in addition to the crayfish described herein,

are the fishes Etheostoma mariae (Fowler),

which appears to occur only in the Lumber

basin, and Semotilus lumbee Snelson and

Suttkus, which occurs in all three river ba-

sins. An undescribed salamander of the ge-

nus Eurycea is also endemic to the Sand-

hills, where it is known from in and near

streams in both the Cape Fear and Lumber

river basins.

Since at least one other member of the

C. {P.) species C complex, ostensibly an-

other undescribed species, occupies some

of the same streams as the new species, no
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reliable synonymy can at this time be pre-

sented.

Measurements of crayfish structures were

made to the nearest 0.1 mm with a Fowler

precision dial caliper, following the meth-

ods of Hobbs (1981:9-10) unless otherwise

noted. Abbreviations used in the text are as

follows: j, juvenile; NC, North Carolina

State highway; NCSM, North Carolina

State Museum of Natural Sciences, Ra-

leigh; PCL, postorbital carapace length; R,

river; SR, state secondary (county) road;

TCL, total carapace length; US, United

States highway; USGS, United States Geo-

logical Survey; USNM, National Museum
of Natural History, Smithsonian Institution,

Washington, D.C.; UTM, Universal Trans-

verse Mercator coordinates; and WRC,
North Carolina Wildlife Resources Com-
mission.

Cambarus (Puncticambarus) hystricosus,

new species

Fig. 1, Table 1

Diagnosis.—Body and eyes pigmented,

eye large {X adult diam 2.3 mm, n = 21).

Rostrum with narrow, moderately elevated

margins, slightly or strongly converging to

base of acumen, which is not delimited by

tubercles or spines; margins not constricted

at base of acumen, converging and concave

from there to acute or subacute, cephalo-

dorsally directed apical tubercle or spine;

acumen comprising 36.3 to 47.3% (X =

43.2%, n — 26) of rostrum length, latter

constituting 21.8 to 26.9% {X = 22.7%, n

= 26) of TCL; floor (dorsal surface) of ros-

trum broadly concave. Areola 3.3 to 4.9 {X
— 4.0, n = 26) times as long as broad

(broader in juveniles), constituting 30.3 to

34.0% (X = 32.7%, n = 26) of TCL and

38.8 to 43.3% {X = 41.8%, n = 26) of PCL,

with 5 or 6 punctations across narrowest

part. Thoracic section of carapace dorsally

punctate, dorsolaterally granulate, laterally

cobbled with tubercles; cephalic section lat-

erally with many tubercles, hepatic region

with strong spines or spiniform tubercles.

Cervical spines strong, 2-4 each side of

carapace, plus one to several tubercles.

Postorbital ridge strong, cephalic margin ta-

pered and with strong spine or acute tuber-

cle. Suborbital angle obtuse to subacute, al-

most always without tubercle or spine;

branchiostegal spine strong. Antennal pe-

duncle with 2 strong spines; antennal scale

2.4-2.9 (X = 2.6, n = 24) times as long as

wide, greatest width at midlength; lateral

margin thickened and terminating distally

in long spine.

Palm of chela 1.5-1.8 (X = 1.7, n = 22)

times wider than deep; width of palm 1.2-

1.7 (X = 1.4, n = 19) times length of mesial

margin, latter constituting 29.0-32.2% (X
= 30.4%, n = 19) of total chela length;

mesial margin with subserrate mesial row
of 7-9 (usually 8) large, semierect tuber-

cles, subtended dorsally by row of 6-8

(usually 7) tubercles of same size or slightly

smaller, and other smaller but produced tu-

bercles immediately dorsal to this row; 1-

3 small tubercles ventral to mesial row.

Fixed finger of chela costate laterally, with

moderately developed dorsal and ventral

ridges; opposable surface of finger with row

of 6-9 (usually 7 or 8) tubercles, in addition

to subconical tubercle ventral to denticles;

dactyl length 1.8-2.3 (X = 2.0, n = 20)

times length of mesial margin of palm, with

moderately to poorly developed ridges dor-

sally and ventrally; mesial surface of dactyl

with strong tubercles on proximal half or

more; opposable surface with row of 9-12

(usually 10) tubercles. Carpus with strong

dorsomesial tubercles, mesial surface with

massive subdistal spine, ventral surface

usually with 2 strong distal spines; merus

with pair of prominent subdistal dorsal

spines.

Hook on ischium of third pereiopod of

males, that of form I male uniramous, mas-

sive, tapered, overreaching basioischial ar-

ticulation by most of length, opposed by

large tubercle on basis; coxa of fourth pe-

reiopod of males with vertically disposed,

caudomesial boss.

In situ gonopods (first pleopods) of form
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Fig. 1. Cambarus (Puncticambarus) hystricosus, new species. All from holotypic male, form I (NCSM
5115), except E, F, from morphotypic male, form II (NCSM 5120), and J, from allotypic female (NCSM 5004):

A, lateral aspect of carapace; B, E, mesial aspect of left gonopod (first pleopod); C, F, lateral aspect of left

gonopod; D, dorsal aspect of carapace; G, caudal aspect of in situ gonopods; H, right antennal scale; I, epistome;

J, annulus ventralis and postannular sclerite; K, dorsal aspect of distal podomeres of left cheliped. Setae not

illustrated. Scale line = 2 mm.

I male (based on holotypic male; Fig. IG)

symmetrical; proximomesial apophyses

moderately developed, subglobose, slightly

separated; central projection directed cau-

dally; mesial process directed caudally and

slightly laterally, with acute tip recurved

caudally; in lateral aspect (Fig. IC), central

projection curved over 90° to plane of shaft,

untapered, bearing proximally directed sub-

apical notch, tip not extending as far cau-

dally as tip of mesial process; latter inflated,

tapered, tip acute; distal margin convex

near shaft and inclined caudoproximally,

proximal margin inclined slightly caudo-

distally; in mesial aspect (Fig. IB), distal

portion of gonopod relatively plane, with

sparse setae at midlength. Total length of

gonopod 22.6% of TCL (28.3% of PCL).
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Table 1.—Measurements (mm) of types of Cambarus {Pimcticambanis) hystricosus, new species.

Holotypic male,
form I

Allotypic

female
Morphotypic
male, form II

Carapace

Total length 46.8 40.7 39.7

Postorbital length 37.4 32.3 31.7

Width 24.7 20.8 20.3

Depth 14.2 13.8 14.0

Length rostrum 10.2 9.1 8.7

Length acumen 3.7 4.1 3.7

Length areola 15.9 13.2 13.1

Width areola 3.7 2.7 3.5

Antennal scale

Length 8.9 8.6 7.9

Width 3.4 3.1 3.0

Abdomen

Length 44.6 43.8 41.5

Width 22.0 20.2 18.6

Cheliped

Length lateral margin chela 42.4* 28.5 31.6

Length mesial margin palm 12.3 8.9 9.5

Width palm 20.5 12.4 14.3

Depth palm 11.5 7.7 8.5

Length dactyl 27.8 17.5 19.1

Gonopod length 10.6 N/A 8.9

Regenerated.

Annulus ventralis (based on allotypic fe-

male; Fig. IJ) about 1.6 times wider than

long, subsymmetrical, subrhomboidal in

shape; cephalic half depressed, sloping,

with narrow median trough not dissecting

cephalic margin, trough flanked each side

by low ridge; dextral ridge straight, pro-

ceeding caudally to meet cephalic margin

of caudodextral wall; sinistral ridge less

well defined, straight, proceeding caudally

to about midlength of annulus before mak-

ing abrupt turn to join upper arm of reverse

C-shaped caudosinistral wall; caudodextral

wall fairly thick, straight, slanted about 30-
35° from horizontal plane; caudosinistral

wall rounded, margin directed about 55°

from horizontal; transverse tongue originat-

ing from caudodextral wall, proceeding sin-

istrally, curving slightly before plunging

into deep fossa beneath sinistral wall; sinus

nearly dissecting caudal margin in midline,

caudal wall with weak median labiellum.

Mirror image of this configuration present

in 29 of 52 females.

Measurements of type specimens provid-

ed in Table 1.

Description of holotypic male, form I.—
Body and eyes pigmented, eye 2.6 mm di-

ameter. Cephalothorax (Fig. lA, D) subcy-

lindrical, thoracic section wider than deep.

Areola 4.3 times longer than wide, consti-

tuting 34.0% of TCL (42.5% of PCL), quite

punctate, 6 punctations across narrowest

part. Rostrum with narrow margins slightly

converging nearly to base of acumen, where

not constricted, but more convergent and

concave to apical tubercle, which reaching

base of distal two-thirds of ultimate podo-

mere of antennular peduncle; acumen com-

prising 36.3% of rostrum length, latter con-

stituting 21.8% of TCL; floor of rostrum

broadly concave, proximal three-fourths of

surface punctate; usual row of deep punc-

tations along inner surface of dorsal ridge;
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subrostral ridge weak, narrowly visible to

base of acumen in dorsal aspect; ventral

keel of rostrum devoid of tubercles or

spines.

Postorbital ridge strong, straight, laterally

grooved, cephalic margin with acute tuber-

cle, caudal terminus somewhat inflated.

Suborbital angle rounded, without spine or

tubercle; branchiostegal spine strong. Tho-

racic section of carapace dorsally punctate,

dorsolaterally granulate, laterally cobbled

with tubercles; row of small tubercles along

ventral margin of anterior part of cervical

groove; cephalic section of carapace 1.9

times longer than areola, constituting 66.0%

of TCL, laterally covered with small to

large tubercles, most acute or subacute; gas-

tric region punctate. Cervical spine region

on each side of carapace with 2 strong

spines, 1 smaller spine dorsal to them, and

some tubercles.

Abdomen slightly narrower and shorter

than cephalothorax; abdominal pleura trun-

cate ventrally, subangular caudoventrally,

slightly rounded caudally; terga very punc-

tate, except articular surfaces glabrous.

Proximal podomere of uropod with spine

on lateral lobe, larger spine on mesial lobe;

mesial ramus of uropod with weak median

ridge bearing submarginal caudomedian

spine; caudolateral spine of ramus moder-

ate; cephalic section of lateral ramus of uro-

pod with broad, curved median ridge bear-

ing terminal spine at transverse flexure, lat-

ter on right with total of 14 fixed spines and

1 long, articulated sublateral spine along

caudal margin. Telson with 2 strong spines

in each caudolateral corner of cephalic sec-

tion, mesialmost articulated (tip of fixed

spine on left side bifurcate); caudal margin

domelike.

Epistome (Fig. II) with cephalic lobe ba-

sically subcordiform in ventral outline, but

cephalic margin slightly curved, not peak-

ed, and lateral margin on each side with

weak concavity; most of margin crenulate,

with tuberclelike protuberances; lateral cor-

ners inflated; floor (ventral surface) of lobe

moderately convex, punctate, with setae;

central depression of body broad, deep,

with cephalomedian fovea; lamellae punc-

tate, lateral corners subtruncate, without tu-

bercles; zygoma moderately arched. Anten-

nal peduncle with strong cephalolateral

spine on basis, similar spine on ventral sur-

face of ischium; antennular peduncle with

small subdistal median spine on ventral sur-

face of basal podomere. Antennal scale

(Fig. IH) 2.6 times longer than wide,

broadest near midlength; lateral margin

thickened, straight, terminating in long dis-

tal spine, tip of which reaching midlength

of ultimate podomere of antennular pedun-

cle; lamella about 1.5 times as wide as

thickened lateral margin, with declivous

distal margin and broadly curved mesial

margin.

Third maxilliped with tip reaching slight-

ly beyond midlength of penultimate po-

domere of antennal peduncle; exopodite

hirsute, tip reaching nearly to midlength of

merus of endopodite; distolateral comer of

ischium produced as acute tubercle; lateral

half of ischium with some punctations,

short setae present along inner margin of

lateral ridge; mesial half of ischium with

eroded bristles, mesial margin on right with

21 denticles, 22 on left. Incisor ridge of

right mandible with 6 denticles, 5 on left.

Both chelipeds regenerated (left more

nearly normal; deviations noted in follow-

ing). Left chela (Fig. IK) 2.1 times longer

than wide; palm 1.8 times broader than

deep, width 1.7 times length of mesial mar-

gin (normal range 1.2-1.7, X = 1.4); latter

29.0% of total chela length, 44.2% of dactyl

length. Dorsal surface of palm punctate,

those punctations on mesial third with small

tubercles at proximal bases; longitudinal

dorsomesial sulcus shallow, with row of

moderate, produced tubercles; distolateral

margin of palm costate for about a third of

length (continuous onto fixed finger), with

moderate impression and aggregation of

large punctations with tubercles at proximal

bases; lateral eminence of articular ridge

with several small distal protuberances; lat-

eral margin of palm rounded, with large.
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widely spaced punctations. Ventral surface

of palm less punctate than dorsal, some
punctations on mesial half with minuscule

basal tubercles; distolaterally with broad

depression (continuous onto fixed finger)

and scattered punctations without tubercles;

lateral eminence of articular ridge with 1

subdistal tubercle and 1 distal protuberance;

2 tubercles proximal to ridge. Mesial mar-

gin of left palm with subserrate mesial row

of 8 tubercles, row subtended dorsolaterally

by row of 6 tubercles, and others dorsal to

this row; 2 tubercles ventral to mesial row.

Fingers gaping most of length, greatest

width of gape about equal to width of base

of dactyl. Left fixed finger costate laterally;

dorsal surface with moderately strong lon-

gitudinal median ridge, flanked each side by

row of punctations; proximolateral area

with moderate impression and large punc-

tations, some with basal tubercles; lateral

margin with row of large punctations; ven-

tral surface with weak, rounded longitudi-

nal ridge, flanked each side by row of punc-

tations; opposable margin with usual sub-

conical tubercle (worn) ventral to denticles,

located at base of distal fourth of finger, and

another smaller ventral tubercle distal to

subconical one (abnormal); row of 1 1 tu-

bercles dorsal to denticles (normal range 6-

9, usually 7 or 8), first of these very small,

fifth from base largest; denticles eroded, in

2 rows distally. Dorsal surface of dactyl

with low ridge, flanked each side by row of

punctations; mesial surface with strong tu-

bercles on proximal half, basal tubercles in

2—3 rows, encroaching dorsally; ventral sur-

face with obsolete longitudinal ridge, de-

fined by 2 rows of punctations; opposable

surface with 13 tubercles (normal range 9-

12, usually 10), first and fourth from base

largest; denticles eroded, in 2 rows on distal

third of finger.

Left carpus (Fig. IK) 1.4 times as long

as wide, 1.3 times as long as mesial margin

of palm; dorsal surface of carpus with shal-

low, oblique sulcus, lateral to which surface

punctate, mesial to which surface with 8 or

9 dorsomesial tubercles; mesial margin with

stout, curved distal spine and minuscule

proximal tubercle; ventral surface with 2

strong distal spines (tip of distolateral spine

broken) and 1 proximomesial tubercle. Left

merus 1.7 times longer than deep, dorsal

surface with 2 strong, suberect subdistal

spines and 1 minuscule tubercle; ventrolat-

eral ridge with 1 small tubercle, 2 stout

spines, and moderate distal spine; ventro-

mesial ridge with 4 subacute tubercles, 4

spines, and broken distal spine; ischium

with 5 small ventral tubercles.

Gonopods as described in "Diagnosis."

Description of allotypic female.—Except

for secondary sexual characters, differing

from holotypic male in following respects:

Areola 4.9 times wider than long, consti-

tuting 32.4% of TCL (40.9% of PCL), with

4 or 5 large punctations across narrowest

part. Acumen long, spiniform, comprising

45.1% of rostrum length, tip reaching mid-

length of ultimate podomere of antennular

peduncle; rostrum comprising 22.4% of

TCL; subrostral ridge narrowly visible only

along proximal half of rostrum. Cephalic

margin of postorbital ridge with strong

spine. Cephalic section of carapace 2.1

times longer than areola, constituting 67.6%

of TCL; hepatic region with spiniform tu-

bercles. Cervical spine region on left side

of carapace with 1 long spine, 2 smaller

spines dorsal to it, and several tubercles;

right side with 2 long and 1 small spine.

Telson with 1 fixed and 1 articulated

spine in caudolateral corner of cephalic sec-

tion on right, 1 fixed and 2 articulated

spines on left, all spines strong.

Floor of cephalic lobe of epistome with

long setae; lamellae with single caudal tu-

bercle each corner. Antennal scale 2.8 times

longer than wide; lamella about 1.2-1.3

times as wide as thickened lateral margin.

Third maxilliped with cephalolateral corner

of ischium produced as spine.

Both chelipeds appear normal. Right che-

la 2.3 times longer than wide; palm 1.6

times broader than deep, width 1.4 times

length of mesial margin, which is 31.2% of

total chela length and 50.9% of dactyl
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length. Lateral eminence of ventral articular

ridge with subacute distal tubercle; single

tubercle proximal to ridge. Mesial margin

of palm with staggered mesial row of 7 tu-

bercles, row subtended dorsolaterally by

staggered row of 8 tubercles (6 on left), and

several small tubercles dorsal to this row.

Fingers only slightly gaping in proximal

half, opposable base of fixed finger with

sparse long setae. Opposable surface of

right fixed finger with small subcorneal tu-

bercle ventral to denticles at base of distal

fourth of finger, and row of 8 tubercles dor-

sal to denticles, fourth tubercle from base

largest (on left finger, third and fourth from

base largest and same size). Mesial surface

of right dactyl with strong tubercles on

proximal two-thirds of finger; opposable

surface with 11 tubercles, basalmost one

largest, fourth from base offset ventrally

(left dactyl with 12 tubercles).

Dorsal surface of carpus with row of 5

dorsomesial tubercles; mesial surface with

long, curved spine at about midlength, no

proximal tubercle. Right merus 1.9 times

longer than deep; ventrolateral ridge with 3

strong spines; ventromesial ridge with 8

spines or spiniform tubercles (7 on left mer-

us) and strong distal spine.

Annulus as described in "Diagnosis." In

addition, first pleopods present, fairly long;

postannular sclerite about one-third width

of annulus, ridgelike, ventral surface pitted.

Description of morphotypic male, form
II.—Differing from holotypic male in fol-

lowing respects: Areola 3.7 times longer

than wide, constituting 33.0% of TCL
(41.3% of PCL). Acumen comprising

42.5% of rostrum length. Cephalic margin

of postorbital ridge with strong spine. Ce-

phalic section of carapace with several

strong hepatic spines on each side of body.

Cervical spine area with 3 spines and a tu-

bercle.

Cephalic lobe of epistome subcordiform

in outline, margins crenulate, with some
short setae; floor plane, with setae. Tip of

spine of antennal scale reaching distal mar-

gin of ultimate podomere of antennular pe-

duncle; lamella about 1.6 times width of

thickened lateral margin. Incisor ridge of

right mandible with 7 denticles.

Right cheliped replaced by regenerating

bud. Left chela 2.2 times longer than wide;

palm 1 .7 times broader than deep, width 1 .5

times length of mesial margin; latter 30.1%

of total chela length, 49.7% of dactyl

length. Lateral eminence of ventral articular

ridge with 2 distal tubercles; 2 tubercles

proximal to ridge. Mesial margin of palm

with subserrate mesial row of 7 tubercles,

row subtended dorsolaterally by staggered

row of 7 tubercles, and others dorsal to this

row; 2 produced tubercles ventral to mesial

row. Fingers gaping in proximal three-

fourths of length, greatest width of gape

about four-fifths width of base of dactyl.

Dorsal surface of fixed finger with strong

median ridge, flanked mesially by punctate

groove; opposable margin with strong sub-

conical tubercle ventral to denticles, and

row of 8 tubercles dorsal to denticles,

fourth tubercle from base largest. Oppos-

able surface of dactyl with 12 tubercles,

basalmost largest. Mesial surface of carpus

with long, curved subdistal spine and small

proximal tubercle; ventral surface with 2

strong distal spines and large proximome-

sial tubercle. Merus 1.8 times longer than

deep; ventrolateral ridge with 3 strong

spines and moderate distal spine; ventro-

mesial ridge with 4 small tubercles and 6

spines.

Hook on ischium of third pereiopod

small, tuberclelike, not overreaching bas-

ioischial articulation, not opposed by tuber-

cle on basis. Gonopod (Fig. IE, F) length

22.4% of TCL (28.1% of PCL). In situ gon-

opods with small, separated proximomesial

apophyses; central projection directed cau-

dally; mesial process inflated, directed cau-

dolaterally and inclined slightly proximally;

in lateral aspect, central projection curved

90° to plane of shaft, broad, tapered; mesial

process tapered, tip slightly extruded.

Color notes.—Ground color of carapace

and abdomen (except tailfan) gray-green to

olive. Thoracic section of carapace with
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large, pale greenish blotches, one such

blotch in median third of carapace at caudal

end of areola; laterally darker, with small,

light blotches and white granules; cervical

spines ivory or roseate. Cephalic section of

carapace nearly uniform olivaceous dorsal-

ly, darker laterally, with large tan or whitish

blotch along cephalolateral margin between

suborbital area and white branchiostegal

spine; hepatic spines and tubercles on lat-

eral surface white. Postorbital ridge pale

grayish-green, cephalic spine tan to yellow-

ish. Antennal scale bluish, but mesial mar-

gin of thickened lateral portion tan; anten-

nal and antennular flagellae variable in col-

or, with dark brown, reddish tan, or tan ar-

ticles, and brown or pale green interstices.

Dorsal surfaces of palm and fingers of

cheliped blue-green; lateral margin of entire

propodus creamy orange, or yellowish with

blue-gray areas; ventral surfaces of palm

and fingers pale grayish-green or blue-

green, but mesial third of palm and most of

dactyl usually darker; tips of fingers orange

or tannish-orange, color not subtended by

black band; tubercles on mesial margin of

palm and dactyl pale green, tubercles on

opposable surfaces of both fingers ivory,

pale green, or blue-gray. Dorsal and mesial

surfaces of carpus gray-green, dorsal tuber-

cles same color but paler; proximal and dis-

tal margins of carpus with narrow russet

band. Dorsal surface of merus gray-green

on distal half, fading to white on proximal

half, distal membrane blue, spines ivory;

ventral merus nearly white, spines white

with amber tips; proximal two-thirds of me-

sial surface ivory, darker on distal third; lat-

eral surface white. Dorsal surfaces of sec-

ond through fifth pereiopods pale greenish-

blue or blue, articulations brownish; fingers

of chelae of second and third pereiopods

blue with amber tips.

Abdominal terga grayish-green, caudal

margin of each with transverse black or io-

dine band, which broader on cephalicmost

tergite; latter also with pale (usually yellow-

ish) blotch at each lateral terminus; pleura

generally darker green with bluish over-

tones, each with large, diagonal yellowish

or tannish blotch near ventral border and

dark oblique dorsolateral mark. Telson and

uropods aquamarine dorsally and ventrally,

dorsal surface of telson with tan overtones;

both rami of uropods with narrow trans-

verse subcaudal band of orange-tan, sub-

tended caudally by narrow blue band; trans-

verse flexure of lateral ramus of uropod also

with narrow orange-tan band.

Ventrally, all cephalic structures of body

blue-green or bluish, except zygoma white,

and mandible and parts of third maxilliped

lighter in color, sometimes pale yellowish;

other ventral surfaces of body white or

translucent blue, ventral abdomen usually

with blue markings.

Juveniles with same general pattern, but

paler. Ventral margins of carapace often dis-

tinctly blue; dorsal abdomen pale greenish,

terga with very prominent dark banding.

Type locality.—North Carolina, Hoke
County, Puppy Creek at SR 1409, ca. 2.4

air km E of Wayside (Nicholson Creek 7.5'

USGS quadrangle, UTM Zone 17, coordi-

nates 670662E/3876690N).

Disposition of types.—The holotypic

male, form I, allotypic female, and morpho-

typic male, form II, are in the NCSM crus-

tacean collection (catalogue numbers 5115,

5004, and 5120, respectively), as are para-

topotypes consisting of 3j 6^, 3 j$ (5055);

2 ? (5060); 1 ? (5117); 1 S II (5119); 4

j(^,2j$ (5118); 1 ? (5254); 1 j(5 (5288);

5 jc5^, 3 j $ (6206); and paratypes consisting

of 1 (5 II, 1 $ (2524); 1 S II, 2 jd, 2 9,

2j$ (6371); 9 j(5, 1 $,8j$ (5057). Para-

types consisting ofl S II, 4jc5^,4 9,5j$
have been deposited at USNM (1004633).

Range and specimens examined.—North

Carolina endemic; currently known from

twelve creeks in the Rockfish Creek and

Little River subdrainages, and one creek

that forms an independent subdrainage, of

the Cape Fear River basin in and near the

Sandhills district of the Atlantic Coastal

Plain. More than 250 voucher specimens

have been collected from the following lo-

calities (collectors names given in first us-
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age, initials thereafter): Cumberland Co.—
(1) upper trib Bones Crk at SR 1400; 1 S

II, 1 $ (2524), 30 Jan 1989, coll. T
MacPherson, D. R. Lenat (DRL); (2) Little

Rockfish Crk at SR 1102 (Gillis Hill Rd);

2 ]S, 1 j$ (WRC 000830. Ijaj), 30 Aug
2000, coll. B. T. Watson (BTW), A. H. Ful-

lerton (AHF), J. A. Johnson (JAJ); (3) Little

Rockfish Crk at Cameron Rd; 1 j $ (WRC
001031.4jaj), 31 Oct 2000, coll. BTW,
AHF; (4) Rockfish Crk at boundary Fort

Bragg Military Reservation (35.08.04N/

79.21.06W); 1 6 II (2716), date unknown,

coll. R W Havens (PWH); (5) Stewarts Crk

at SR 1 102 (GiUis Hill Rd); 1 intersex adult

(6395), 30 Aug 2000, coll. BTW, AHF, JAJ;

(6) Grays Crk at SR 2234 (Blossom Rd),

ca. 3.7 air km W of Lena; 1 c? I, 2 c? II, 6

j(5, 3 $, 2 j9 (23584), 31 Oct 2000, coll.

AHF, BTW. Hoke Co.—(l) Horse Crk, Fort

Bragg Military Reservation (35.11.30N/

77.12.00W); 1 6 II (2712), date unknown,

coll. PWH; (8) Rockfish Crk at US 401 By-

pass, 2.7 km NE of Raeford; 1 6 II, 2 jcJ,

2 9, 2 j$ (6371), 26 Oct 2000, coll. W C.

Starnes, M. Raley, G. Hogue, L. FuUbright;

(9) Rockfish Crk, 3.2 km N of Raeford; 1

<S I (5255), 9 Jul 1962, coll. D. Louder;

(10) Rockfish Crk at firebreak 32 off Moore
County road, Fort Bragg Military Reser-

vation, 13.0 air km NW of Raeford; 2 jc5^,

1 j9 (23873), 20 Aug 2002, coll. C. Bryan

(CB), A. Young (AY); (11) Puppy Crk at

SR 1406, ca. 4.8 air km W of center town

Rockfish; 1 jS (5006), 3 Feb 1999, coll. D.

G. Cooper (DGC), D. A. Jackan (DAJ); 9j

(?, 1 9, 8 j$ (5057), 1 j(? (5061), 21 Mar
1999, coll. DGC, DAJ; 2 c? II, 3 $ (4993),

1 6 II (5120), 21 May 1998, coll. M. Hale,

DRL, N. Medlin, B. Tracy (BT); (12) Pup-

py Crk at SR 1409 (type locality), ca. 2.4

air km E of Wayside; 2 9 (5060), 1 $

(5254), 3 jd, 3 j$ (5055), 26 Mar 1999,

coll. DGC, DAJ; 1 9 (5117), 1 6 II (5119),

4jc?,2j? (5118), 1 6 1(5115), 3 Jun 1999,

coll. DGC; 1 jS (5288), 4 Nov 1999, coll.

DGC; 5 j(5, 3 j? (6206), 9 Sep 2000, coll.

DGC, S. Yirka; 1 ? (5004), 3 Feb 1999,

coll. DGC, DAJ; (13) Rockfish Crk at fire-

breaks 3-5, Fort Bragg Military Reserva-

tion, ca. 8 air km NNW of Raeford; 1 c^ II,

4 j(?, 4 9, 5 j9 (USNM 1004633), 5 Nov
2001, coll. CB, B. Ball (BB); 1 6 II, 5 jc?,

1 1 j 9 (7990), 6 Nov 2001, coll. CB, BB; 2

jc?, 6 j$ (23582), 7-8 Nov 2001, coll. CB,
BB; (14) Little R, ca. 11.2 air km SE of

Vass; 2 9 (7985), 25 Oct 2001, coll. CB,
AY; (15) Rockfish Crk at Sandy Grove

Church Rd, ca. 8 air km NNW of Raeford;

1 jc? (23583), 5 Nov 2001, coll. CB, BB; 4

jS, 2 9, 11 j9 (23791), 9 Aug 2002, coll.

CB, AY; (16) Piney Bottom Crk at Southern

Pines Rd, ca. 15.5 air km NNW of Raeford;

1 6 II, I ]6 (23781), 24 Sep 2002, coll.

CB, AY; (17) Gum Branch at Chicken Rd,

ca. 12.4 km NNW of Raeford; 1 9 (23777),

24 Sep 2002; 1 jc^ (23776), 6 Sep 2002,

coll. CB, AY; (18) Juniper Crk at Chicken

Rd, 12.3 air km NNW of Raeford; 1 9

(23868), 7 Oct 2002, coll. CB, AY; (19)

Juniper Crk at firebreak 13, Fort Bragg Mil-

itary Reservation, 10.6 air km NNW of

Raeford; 1 9 (23864), 1 Nov 2002; 1 S II,

2 j(5, 3 j9 (23829), coll. CB, AY; (20) Ju-

niper Crk at firebreak 29, Fort Bragg Mil-

itary Reservation, 7.7 air km NNW of Rae-

ford; 3 6 II, 9 j(5, 5 9, 14 j9 (23867), 1

Oct 2002; 2 S I, I 6 U, I jS, 14 j9

(23827), 1 Nov 2002, coll. CB, AY; (21)

Juniper Crk at Plank Rd, 8.8 air km NNW
of Raeford; 1 c^ II, 5 jc?, 1 9, 4 j 9 (23865),

23 Sep 2002; 1 6 II (23866), 1 Nov 2002,

coll. CB, AY; (22) Nicholson Crk at fire-

break 15, Fort Bragg Military Reservation,

10.4 air km N of Raeford; 1 6 II, 2 jc?, 1

9 , 6 j 9 (23869), 20 Oct 2002; 2 (5 II, 2 j c?

(23870), 1 Nov 2002, coll. CB, AY; (23)

Nicholson Crk at firebreak 29, Fort Bragg

Military Reservation, 6.9 air km N of Rae-

ford; 4 S II, 6 j(5, 2 9, 3 j9 (23871), 19

Oct 2002, coll. CB, AY; (24) James Crk at

boundary road. Fort Bragg Military Reser-

vation, 6.4 air km SSW of Vass; 1 j(5^

(23872), 2 Nov 2002, coll. CB, AY. Moore
Co.—(25) Nicks Crk at NC 22, ca. 3.7 air

km W of Whispering Pines; 1 c? II, 2 9 , 1

j9 (3308), 31 May 1996, coll. DRL, BT.

Variations.—In addition to those ad-
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dressed elsewhere in this paper, intraspecif-

ic variations include the following. The de-

gree of convergence of the margins of the

rostrum, from its base to the base of the

acumen, varies from subparallel to strongly

convergent, and in some individuals the

rostrum is nearly caret-shaped. Although

the floor of the rostrum is usually moder-

ately concave, in some specimens it ap-

proaches being plane. The suborbital angle

is obtuse (very seldom subacute or obso-

lete) and only rarely bears a tubercle or

small spine. Six specimens show disparities

in this character from one side of the car-

apace to the other, displaying varying com-

binations of obtuse or subacute angles with

or without tubercles. The hepatic ornaments

vary from strong spines to subacute tuber-

cles, and are weak, if present, in the sample

from Grays Creek, a small, independent

subdrainage of the Cape Fear River at what

appears to be the southernmost periphery of

the range of specimens assignable to C {P. )

hystricosus.

In about half the specimens examined the

distal margin of the lamella of the antennal

scale is subtransverse for about half its

width before curving proximomesially,

while in the others this margin is gently or

moderately declivous from the base of the

spine to the widest part of the scale at about

midlength. In nearly all specimens the

shape of the cephalic lobe of the epistome

is subcordiform or subtriangular, but in a

few it approaches subpentagonal or semi-

circular. The margins of the lobe are almost

always strikingly crenulate, bearing from

several to many subacute protuberances,

but in a few specimens the margins are only

moderately uneven. The carpus usually has

from three to eight moderate or strong dor-

somesial tubercles, but in some specimens

these tubercles are weak, and they are few-

est and weakest in the sample from Grays

Creek. The mesial surface of the carpus

normally lacks a proximal tubercle, but this

is present in a number of specimens, and

others have two or three very small tuber-

cles at this site. The usual ventral armature

of the carpus consists of two strong distal

spines, but in four specimens the distome-

dian spine is weak or obsolete, and in three

others it is reduced to a rounded tubercle,

with or without an acute nipple. The dorsal

surface of the merus almost always bears

two strong subdistal spines, and occasion-

ally these may be accompanied by from one

to several small tubercles. Two specimens

have three strong subdistal spines on the

dorsal merus. The ventrolateral ridge of the

merus usually bears two or three spines,

plus a strong or moderate distal spine. In

some specimens there may be an additional

tubercle or two on this ridge, and in several

individuals the distal spine is small. The
ventromesial ridge of the merus may have

from six to nine ornaments, a combination

of acute tubercles and moderate spines,

along with a strong distal spine.

The largest tubercle on the opposable

surface of the dactyl is usually the first from

the base, but often is the second and occa-

sionally the fourth; the fourth tubercle is al-

ways displaced toward the ventral surface,

and not infrequently lies distinctly ventral

to the denticles. The largest tubercle on the

opposable surface of the fixed finger (not

counting the usual subconical tubercle that

lies ventral to the denticles) is generally the

fourth from the base, occasionally the third

or fifth.

Nearly all specimens have two spines in

each cephalolateral corner of the telson, but

eight have three in one corner and two in

the other, six have three spines in each cor-

ner, and three have two in one corner and

one in the other.

Anomalies.—In a subadult female from

Puppy Creek, the distance between the base

of the acumen and its apex is greater on the

right side than on the left, and the base of

the acumen on the right side is delimited by

a strong, laterally directed spine. A juvenile

male from Rockfish Creek has a deformed,

probably regenerated, rostrum with a long,

cephalolaterally directed spine projecting

from the left side near the base. These are

the only individuals in which a "marginal
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Spine" has been observed. A juvenile fe-

male (9.4 mm TCL) from Rockfish Creek

has a small fixed spine projecting from the

base of the lateral side of the regular fixed

spine on the right side of the telson.

A female from Rockfish Creek lacks ovi-

duct apertures. An adult animal (TCL 43.7

mm) from Stewarts Creek is gynandromor-

phic. It has a normal annulus ventralis, fe-

male first and second pleopods, and postan-

nular sclerite, but lacks oviduct apertures in

the coxae of the third pereiopods. It has

male sperm duct openings in the coxae of

the fifth pereiopods.

Size.—The largest specimen is a female

measuring 52.6 mm TCL (43.0 mm PCL).

The largest form I male measures 46.8 mm
TCL (37.4 mm PCL); the only other form

I males have TCLs of 30.8, 35.0, and 38.0

mm (25.4, 27.7, and 30.2 mm PCL, respec-

tively). The largest form II male measures

39.7 mm TCL (31.7 mm PCL).

Life history and ecological notes.—Form
I males were found in early June and July,

and in October and November. No oviger-

ous females or those with attached young

have yet been seen.

On 21 May 1998, Puppy Creek was a

"clear blackwater stream with a white sand

bottom" (B. Tracy, pers. comm.). Specific

conductance on that date was 18 ixmhos/

cm, pH 4.9, water temperature 22°C, and

dissolved oxygen content 6.9 ppm. In Feb-

ruary and March 1999, the creek at the type

locality was about 3 m wide, with fairly

shallow water and a few deeper sections.

The bottom was sandy, with some sticks

and detritus, several large submerged logs,

and dense growths of long, slender sub-

merged vegetation in which the crayfish

were found. At some points the banks were

undercut and covered with overhanging

roots, but passing a dipnet through these

produced no crayfish. In June of the same

year, water levels had dropped significantly,

the vegetation was not completely sub-

merged, and the few crayfish collected were

found only among sticks and detritus in ar-

eas with the greatest current.

Other members of the aquatic community
at the type locality included the fishes

Ameiurus sp., Aphredoderus sayanus (Gil-

liams), Enneacanthus chaetodon (Baird),

Etheostoma olmstedi Storer, E. serrifer

(Hubbs and Cannon), Lepomis gulosus (Cu-

vier), Notropis cummingsae Myer, and No-
turus insignis (Richardson); the neotenic

salamander Necturus punctatus (Gibbes);

and the watersnake Nerodia taxispilota

(Holbrook).

Crayfish associates.—The only other

crayfishes yet found at sites occupied by C.

(P. ) hystricosus are an undescribed member
of the subgenus, and Procambarus (Ort-

mannicus) acutus (Girard, 1852). Camba-
rus (Depressicambarus) latimanus (Le-

Conte, 1856) occurs in some other streams

of the area, but has not yet been found in

those occupied by C. (P.) hystricosus.

Affinities.—On the basis of its extensive

spinal armature, which we consider a ple-

siomorphic character state (and see Hobbs
1962:276, 1969:116-118), C (P.) hystri-

cosus appears to have strong affinities with

Cambarus (Puncticambarus) spicatus

Hobbs, 1956. Both species characteristical-

ly have hepatic spines, or strong spiniform

or very acute tubercles, a rare feature in

epigean Cambarus; strong cervical spines

that are multiple in C. (P.) hystricosus and

sometimes so in C (P.) spicatus; long bran-

chiostegal spines; and strong, multiple

spines on the antennal peduncle, ventral

carpus, and dorsal and ventral merus. Major

differences between the two species are the

presence of marginal spines or strong tu-

bercles on the rostrum of C. (P.) spicatus,

which are never normally present in C. (P.)

hystricosus; a spine or tubercle on the sub-

orbital angle of C (P.) spicatus, which is

rarely seen in C (P.) hystricosus; the struc-

ture of the central projection of the form I

male gonopod, which in C. (P.) spicatus is

scarcely curved beyond 90° to the shaft and

has a very weak subapical notch; and the

more symmetrical annulus of that species.

The other member of the subgenus that

occurs in some streams with C. (P.) hystri-
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cosus lacks hepatic spines and multiple cer-

vical spines, although it may display acute

or subacute cervical tubercles along with a

single strong spine. The suborbital angle in

this species is almost always acute or sub-

acute and bears a tubercle or spine. Only

two of forty-five specimens examined had

an obtuse suborbital angle, and in only one

of them did the angle lack a tubercle. The

postorbital ridge of adults seldom bears

more than a small cephalic tubercle, al-

though some smaller specimens have a ce-

phalic spine. This species also has a shorter

acumen and a broader areola than C. {P.)

hystricosus, and the base of its acumen is

more angular.

Remarks.—Both C (P.) hystricosus and

C. (P.) spicatus occupy limited, circum-

scribed ranges, the former in streams of the

Cape Fear River basin in the Sandhills of

North Carolina, the latter in streams of the

Broad River basin in the Piedmont Plateau

of North and South Carolina. The ranges of

both are surrounded by the ranges of other,

presumably more derived, members of

Puncticambarus. In the Sandhills, this is

comparable to the distributions of two other

endemic animals. Populations of Semotilus

lumbee there are surrounded by its more
broadly distributed relative, Semotilus atro-

maculatus Mitchill, and populations of the

undescribed Eurycea are surrounded by its

close relative, Eurycea cirrigera (Green).

It seems reasonable that the forerunner of

C. (P.) spicatus and C. (P.) hystricosus was

one of the few members of the genus Cam-
barus to expand its range eastward from the

Blue Ridge escarpment—which then lay

farther east than it does today—or from far-

ther west. Colonization of the Piedmont

Plateau and the eastern extremity of the In-

ner Coastal Plain would have met with little

opposition, but continued eastward expan-

sion would have brought this putative pro-

genitor into conflict with procambaroid

stocks. The latter crayfishes were adapted

to the warm, lentic or low-gradient habitats

of the broad, base-leveled Coastal Plain,

habitats that likely would have been inim-

ical to exploitation by more cold- and lotic-

adapted cambaroid stocks. The later radia-

tion into the Piedmont of more highly com-
petitive and closely related forms could

have fragmented the ranges of the earlier

inhabitants into a number of allopatric pop-

ulations that evolved into distinctive relicts.

Other such populations may await discov-

ery.

The "residual" genetic influences of a

once widespread, presumably plesiomorph-

ic Puncticambarus could help explain the

occasional appearance of hepatic spines,

marginal spines, and even instances of mul-

tiple cervical spines, observed in some in-

dividuals from a number of populations of

more derived forms in the subgenus (JEC,

pers. obs.).

Etymology.—Species hystricosus, mean-

ing prickly, from the Latin hystrix, porcu-

pine, in reference to its extremely spinose

body parts.

Suggested vernacular name: Sandhills

spiny crayfish.
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A new species of freshwater anomuran crab of the genus Aegla

Leach, 1821 (Crustacea: Decapoda: AegUdae) from the Nahuelbuta
Coastal Range, Chile
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(MP-L, KAC) Department of Integrative Biology, Brigham Young University, 401 WIDB Provo,
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Abstract.—Aegla occidentalis, a new species of the family Aeglidae, is de-

scribed from the Tucapel River basin, on the western slope of the Nahuelbuta

Coastal Range, in Chile. Morphologically, the new species closely resembles

A. laevis (Latreille) from Central Chile but differs in having the apex of the

carpal lobe of the chelipeds topped by two to four blunt scales mixed with a

group of short, stout setae, the dorsum of the palmar crest slightly, if at all,

concave, and the distal half of the subligulate rostrum not distorted. The mor-

phological similarity between A. occidentalis and A. laevis contrasts with the

high degree of genetic divergence between these two taxa, based on mtDNA
sequence analysis. Our molecular results show A. occidentalis and Aegla ba-

hamondei Jara to be sister species, with a 1.4%- 1.6% average pairwise se-

quence divergence, compared with 5.9%-7.4% between A. occidentalis and A.

laevis.

The anomuran freshwater crabs of the

genus Aegla Leach, 1821 are found in riv-

ers and lakes of southern South America

(Schmitt 1942), displaying a vast array of

minute morphological differences in the

shape and ornamentation of carapace and

appendages (Bond-Buckup & Buckup
1994). However, the group is constrained to

a rather conservative general morphotype

that renders the discrimination of most spe-

cies difficult (Schmitt 1942). By necessity,

all known species of Aegla have until now
been discriminated and diagnosed on the

basis of discrete combinations of morpho-

logical characters, and therefore the exis-

tence of cryptic or sibling species (sensu

Mayr & Ashlock 1991) cannot be ruled out.

Molecular techniques can potentially reveal

levels of genetic differentiation among pop-

ulations of Aegla hidden within morpholog-

ically similar populations (Hillis 1987).

Such was the case when —2.6 kb from the

mitochondrial genes 12S, 16S, COI and

coil were sequenced for most of the Aegla

species occurring in the continental territo-

ry of Chile to reconstruct their phylogenetic

relationships (Perez-Losada et al. 2002).

Some of the specimens collected in the

River Tucapel, Province of Arauco, on the

western slope of Nahuelbuta Coastal

Range, and provisionally assigned by Jara

(1996) to Aegla araucaniensis Jara, 1980,

were subsequently linked to A. bahamondei

Jara, 1982 by molecular analysis (Perez-Lo-

sada et al. 2002). In this study, the speci-

mens of River Tucapel are described as a

new species. The type material and other

reference specimens were deposited in the

Crustacean Collection of the Instituto de

Zoologia of the Universidad Austral de

Chile (IZUA-C), Valdivia, Chile. The size

of specimens was recorded as carapace



934 PROCEEDINGS OF THE BIOLOGICAL SOCIETY OF WASHINGTON

length (CL), measured between the tip of

rostrum and posterior margin of the cara-

pace.

Aegla occidentaliSy new species

Figs. 1, 2

Aegla "not yet identified".—Jara, 1982:

235 (see Remarks).

Aegla araucaniensis.—Jara, 1996:63, 194,

195, figs. 42, 43 (in part, see Remarks).

Aegla sp.—Perez-Losada et al., 2002:305.

Material examined.—Holotype: S, CL
28.3 mm. River Tucapel, at Quelen Quelen,

100 m eastward from bridge at national

roadway P-60-R, 7 km N of Canete,

37°44'09"S, 73°22'49"W, 40 m above sea

level, Arauco, VIII Region, Chile, 7 Dec
1974, colls. C. G. Jara, C. A. Moreno, and

J. N. Arenas, IZUA C-66A. Allotype: $,

CL 19.0, same data as holotype, IZUA C-

66A. Paratypes: 2 S S , CL 17.5, 21.7; ?,

CL 14.3, same data as holotype, IZUA C-

66A.

Non-paratype material: 6 ? ?, CL 16.2,

17.6, 18.2, 18.5, 18.6, 19.5; c^, CL 15.5,

same data as holotype, 19 Nov 1975, coll.

C.G.Jara, IZUA C-156. 9, CL 16.1; 5 c^ (5,

CL 17.0, 17.9,18.5, 18.6, 25.5, same data

as holotype, 18 Sep 1981, coll. C. G. Jara,

IZUA C-429. 2 $ 9, CL 18.0, 18.9; ASS,
CL 16.5, 17.4, 18.3, 19.8, same data as ho-

lotype but 100 m westward from bridge, 22

Feb 2000, colls. C. G. Jara, M. Perez-Lo-

sada, and A. Riedemann, IZUA C-592. 3

9 9, CL 7.9, 19.8, 22.5; 2 S S CL 17.9,

22.8, River Caramavida, 37^41' 16"S,

73°21'27"W, 05 Nov 1981, coll. C. G. Jara,

IZUA C-242. 2 9 9, CL16.2, 16.9; ASS
CL 18.9, 19.8, 21.0, 24.8, River Pocuno, 2

km north from Colonia Antiquina, under

bridge of national roadway S-70,

38°02'07"S, 73°23'37"W, 11 Dec 1981, coll.

C. G. Jara, IZUA C-428. 2 9 9, CL 18.1,

18.7; A SS,CL 16.7, 18.8, 19.4, 20.2, Lake

Lanalhue, 37°55'37"S, 73°15'18"W, 7 Nov
1974, colls. C. G. Jara, C. A. Moreno, and

J. N. Arenas, IZUA C-65. 2 9 9, CL 13.6,

13.8; A SS,CL 15.8, 15.8, 16.0, 20.8, Lake

Lieu Lieu, at Puerto Choque, 38°ir43"S,

73°21'21"W, 8 Dec 1981, coll. R. Arriaga-

da, IZUA C-260.

Diagnosis.—Body contour almond
shaped; carapace surface grossly punctated;

rostrum triangular to subligulate, short and

low profiled, apex with scale surrounded by

rosette of short stiff setae and minute acic-

ular scales; orbital spine absent; branchial

margins of carapace not expanded, smooth;

anterolateral angle of second abdominal

epimeron blunt, frequently with small scale

hidden among short setae; carpal lobe sub-

pyramidal tipped with row of 1-4 scales in

a row mingled with short stiff setae; lobe

on proximodorsal end of dactylus of chelae

low and blunt; palmar crest subrectangular,

slightly expanded and faintly concave, its

margin subdenticulate; fourth thoracic ster-

num flat, unornamented, at most with semi-

circular swelling ending abruptly at frontal

end.

Description of holotype.—Body (Fig. la)

almond-shaped in contour; precervical por-

tion clearly distinct from postcervical; car-

apace most protuberant and convex on gas-

tric area. Carapace surface with coarsely,

shallow punctae, with pappose setae. Ros-

trum subligulate, straight, at same level of

front; margins, from orbital sinus to tip,

with row of tiny scales; rostral carina ex-

tended from point equidistant to protogas-

tric eminences to distal third of rostrum,

and merging beyond that point into rostrum

body (Fig. Ig). Space between carina and

margins not noticeably troughed; carina

summit with 2 irregular rows of tiny acute

scales. Rostrum tip with small, acute, con-

ical scale flanked by flat scales at base;

scales interspersed with minute, stiff, pap-

pose setae. Ventral surface of rostrum pro-

truding as blunt keel, reaching deepest point

between and behind ocular peduncles. Or-

bits broad, deeply U-shaped, without orbital

spine or extraorbital sinus (Fig. la). In

place of extraorbital sinus 2 minute scales

protruding from slanted margin merging

with anterolateral lobe of carapace; lobe

tipped with a cuspidate scale, and posterior
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Fig. 1. Aegla occidentalis, new species, a, male holotype (IZUA C-66A), dorsal view; b, female allotype,

dorsal view; c-g, male holotype; setae mostly omitted: c, left cheliped, ventral view; d, third and fourth sterna,

ventral view; e, telson plate and sixth abdominal somite, dorsal view; f, second abdominal epimeron; g, pre-

cervical portion of carapace, side view.
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to it with row of 12 (left) or 14 (right) mi-

nute, size-decreasing scales extending on

lateroexternal margin. Protogastric emi-

nences nodular, bearing 6 (left) or 8 (right)

irregularly placed minute blunt scales. Epi-

gastric eminences low, rounded, not well

defined, bearing patch of minute scales,

some arranged in semicircular row on fron-

tal edge with remaining scales spreading

backwards over somewhat triangular area.

Hepatic area wide, margin slightly upturned

and bearing row of minute scales; antero-

lateral angle of first right hepatic lobe

tipped with acuminate scale larger than that

on left side. Second and third lobes distinct,

blunt. Epibranchial tooth pyramidal, well

defined but not particularly elongated,

tipped with small acuminate scale followed

by row of 5 (right) or 7 (left) tiny scales on

lateroexternal margin. Margin of anterior

branchial areas thin, almost smooth, slightly

expanded, bearing homogeneous band of

tiny scales mingled with short stiff pappose

setae. Posterior branchial margin non-re-

curved, somewhat thickened, with band of

scales and setae extending to posterior car-

apace rim. Cardiac area subrectangular,

slightly longer than wide. Areola rectan-

gular (length/width ratio = 1.5), not notice-

ably protuberant. Sternal surface of cara-

pace not ornamented. Central portion of

fourth thoracic sternum slightly protuberant

(Fig. Id), bearing patch of long stiff simple

setae on frontal edge. Dorsum of abdominal

somites covered by short stiff pappose setae

especially dense on epimera. Anterolateral

angle of second abdominal epimeron as

short acuminate tubercle ending in scale

concealed by short stiff pappose setae (Fig.

If). Lateroventral angle of third and fourth

epimera also tipped with acute scale. Telson

subpentagonal, slightly wider than long,

clearly divided by mesial joint (Fig. le).

Chelae massive, unequal in size, left

larger. Basis-ischium ventromesial edge

smooth, slightly nodulated, bearing tiny

conical scale on subdistal knob. Merus dor-

sal edge blunt, bearing row of tubercular

denticles tipped with acuminate scale; dis-

todorsal margin smooth, bearing scattered

minute scales and short stiff pappose setae

more numerous and closely packed on mid-

dorsal low profiled tubercle; ventrolateral

inner margin slightly sinuous, bearing row
of 3 minute scales, and pronounced acu-

minate conical tubercle distally; ventrolat-

eral outer margin smooth, with 1 (left) or 2

(right) spiniform tubercles distally; with an-

other small acuminate tubercle distally and

close to article margin. Carpus markedly

convex, globose, almost smooth, bearing

scattered minute scales irregularly distrib-

uted, larger and more prominent on distal

margin; carpal ridge slightly protuberant,

and nodulated, bearing few minute scales;

tubercles (1 left, 2 right), each with 3 scales

in oblique row on apex; dorsomesial margin

of carpus with 4 large proximally size-de-

creasing conical tubercles in a row; tuber-

cles thick, tipped with moderately acute

scales; frontmost tubercle on left carpus

with accessory scale some distance behind

apical one, and separated from low-profiled

carpal lobe by wide sinus (Fig. Ic). Carpal

lobe broad-based, subtriangular in outline,

flattened, tipped with row of 3 or 4 short

coalescent scales interspersed with short

stiff pappose setae. Ventral face of carpus

(Fig. Ic) clean, smooth, bearing 1 short

stout acuminate tubercle on central area sur-

rounded by few long stiff simple setae;

right carpus with second acuminate tubercle

close to base of third tubercle of dorsome-

sial carpal margin; corresponding site on

left carpus with slightly protuberant swell-

ing. Ventral margin of carpus with minute

scale on carpus-propodus articular knob.

Propodus inflated, markedly convex (partic-

ularly left); dorsal surface covered by mi-

nute lens-like scales variously arranged,

and becoming more dense and protruding

on fixed finger. Palmar crest as moderately

expanded laminar ridge, with margin irreg-

ularly serrated; palmar crest neatly separat-

ed from distalmost pyramidal palmar lobe

by shallow groove; distal margin of palmar

lobe blunt, scaly. Left chela cutting edge of

molar process with double row of imbricate
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short transversal corneous scales. Dactylus

with slender molar process; dorsal margin

with low broad-based corneous tipped tu-

bercle close to articular furrow.

Dactylus of second, third, and fourth pe-

reiopods long, slender, with elongate, mark-

edly recurved corneous tip, especially at

fourth; ventral margin of dactylus with 2—

4 needle-like corneous spines in longitudi-

nal row behind tip; distodorsal angle of car-

pus and merus with 1 or 2 tiny, acute scales

concealed by dense band of short stiff pap-

pose setae; frontodorsal margin of carpus

and propodus with dense band of short stiff

pappose setae; same margin of merus with

dense row of long soft plumose setae.

Description of allotype.—Differs from

holotype in having rostral carina flanked by

troughs on middle third of rostrum. Cara-

pace (Fig. lb) worn out, blackened by de-

position of organic matter. Chelae less mas-

sive, unequal in size, left larger. Dorsome-

sial margin of carpus of chelipeds with only

3 conical tubercles. Ventral face of carpus

of right cheliped with 2 coalescent blunt tu-

bercles, 1 on left cheliped. Lobe on proxi-

modorsal end of dactylus of chelae slightly

prominent. Ventral margin of dactylus of

left second pereiopod with row of 5 slender

acuminate scales behind tip, and row of 3

scales in the remaining dactyli.

Morphometries.—Descriptive morpho-

metries of the type series specimens (see

Bond-Buckup & Buckup 1994) are record-

ed in Table 1.

Variations.—Typically lacking extraor-

bital sinus, but in two of the smallest para-

types both orbits have thickened margin

bearing one small tubercle delimiting a very

narrow extraorbital sinus.

Apex of carpal lobe of chelipeds typical-

ly with row of two to four scales mixed

with short stiff pappose setae. In the small-

est paratype, both carpal lobes are mono-
cuspidate.

Anterolateral angle of second abdominal

epimeron; it typically protrudes as small tu-

bercle tipped with acuminate scale sur-

rounded by short stiff pappose setae. How-

Table 1.—Morphometric ratios of the type series

specimens of Aegla occidentalis, new species. CL, car-

apace length, between tip of rostrum and median point

on rear margin of carapace; RL, rostral length, between

tip of rostrum and median point between proximal end

of orbits; AL, areola length, between frontal and cau-

dal midpoints; AW, areola width, between midpoint of

lateral grooves of areola; PCL, precervical length, be-

tween tip of rostrum and midpoint of cervical groove;

FW, frontal width, between tips of anterolateral angles

of carapace.

Mean
confidence

limits

Ratios N Range Mean (P < 0.05)

CL/RL
AL/AW
PCL/FW

5.5-5.6

1.3-1.5

2.1-2.2

5.5

1.4

2.1

5.2-5.8

1.2-1.6

1.9-2.4

ever, the largest male paratype has blunt an-

gles bearing an almost imperceptible scale

hidden by setae.

Ventromesial margin of merus of cheli-

peds with ornamentation varying from
completely lacking, as in the smallest fe-

male paratypes, to a row of small tubercles,

some of which are tipped with a small

scale, as in the smallest male paratype.

Ornamentation of fourth thoracic ster-

num, in both male paratypes, with frontal

margin sharp, and convex, forming a rim

that is not apparent in the remaining type

specimens.

The morphological variation among non-

paratype specimens of A. occidentalis is

summarized in Table 2. In addition, among
the specimens from Lake Lanalhue and

Lake Lieu Lieu, the rostral carina varies

from a sharp elevated ridge, stretched along

the whole rostrum, to a ridge restricted to

the proximal third or half of the rostrum;

beyond that it appears flat and apically re-

curved. The same specimens have a faintly

marked ridge, with variable intensity, along

the midline of the gastric area behind the

protogastric eminences. This ridge is also

present in the specimens of River Caramav-

ida and River Pocuno but only sporadically

among the specimens of River Tucapel.

Distribution.—Known from the River

Paicavi drainage system, which includes the
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Table 2.—Variation of morphotypic characters in A. occidentalis, new species. Relative frequencies (%) refer

to the number of specimens from each locality examined as non-paratype material, irrespective of sex. River

Tucapel (n = 19), River Caramavida (n = 5), Lake Lanalhue (n = 6), River Pocuno (n = 6), and Lake LleuLleu

(n = 6).

Localities

Tucapel Caramavida Lanalhue Pocuno LleuLleu

Shape of rostrum:

Triangular 36.8 80.0 33.3 33.3 33.3

Subligulate 63.2 20.0 66.7 66.7 66.7

Troughs both sides of rostrum:

Well marked 52.6 60.0 50.0 50.0 50.0

Faintly marked 47.4 40.0 50.0 50.0 50.0

Orbits: ~

Without spine/tubercle 47.4 60.0 16.7 83.3 50.0

With spine/tubercle 52.6 40.0 83.3 16.7 50.0

Apex of carpal lobe of chelipeds:

With two or more scales 73.7 60.0 83.3 83.3 66.7

With one scale 26.3 40.0 16.7 16.7 33.3

Frontalmost tubercle of dorso-medial margin of carpus of chelipeds:

Monocuspid 94.7 80.0 83.3 100.0 100.0

Bicuspid 5.3 20.0 16.7 0.0 0.0

Anterolateral angle second abdominal epimeron:

Armed with scale 63.2 60.0 33.3 50.0 83.3

Unarmed 36.8 40.0 66.7 50.0 16.7

Angle of third abdominal epimeron:

With acuminate scale 15.8 0.0 50.0 0.0 0.0

Blunt 84.2 100.0 50.0 100.0 100.0

Angle of fourth abdominal epimeron:

With acuminate scale 89.5 100.0 83.3 66.7 66.7

Blunt 10.5 0.0 16.7 33.3 33.3

River Tucapel, the River Caramavida and

Lake Lanalhue, and from the River Lieu

Lieu drainage system, which includes the

River Pocuno and Lake Lieu Lieu (Fig. 2).

Both systems drain contiguous sections of

the western slope of the Nahuelbuta Costal

Cordillera, between 37°40'S and 38°15'S.

Notes on natural history.—The general

description of the biotope where A. occi-

dentalis, new species, lives was published

by Jara (1982) with the description of A.

bahamondei, a species with which the for-

mer coexists.

The females of A. occidentalis collected

in the River Caramavida (IZUA C-242)

were ovigerous. Their eggs contained em-
bryos in advanced state of development,

probably close to hatching. Also, five of the

six females from River Tucapel (IZUA C-

156) had fresh, empty egg-shells, indicating

that the juveniles hatched only a few days

before collection. Therefore, it is likely that

recruitment in populations of A. occiden-

talis occurs in springtime (September to

November), as in other species of Aegla

(see Bahamonde & Lopez 1961, Lopez

1965, Rodrigues & Hebling 1978).

Etymology.—The specific name is from

the Latin occidentalis, western, in allusion

to the geographic distribution of the new
species, which is apparently restricted to a

section of the drainage system of the west-

ern slope of the Nahuelbuta Coastal Cor-

dillera.
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37*35'
45

37*45'

38*00

38*15'-

-48*

Fig. 2. Collection localities (stars) of Aegla occidentalis, new species, in the Tucapel and Pocuno river

systems. Arrow indicates type locality.

Comparisons.—Aegla occidentalis, new
species, closely resembles A. laevis (La-

treille, 1818), and A. araucaniensis. The

new species shares with those two species

the almond-shaped body contour, the rela-

tively short precervical section and narrow

front, the absence of orbital spine, the ele-

vated gastric area, the broad areola, the un-

ornamented branchial margins, the scale

ending rostral apex surrounded by rosette

of short stiff pappose setae and minute acic-

ular scales, the subligulate rostrum, the sub-

rectangular denticulate palmar crest, and the

tubercular lobe on the dorsum of the dac-

tylus of the chelae. Furthermore, with A.

laevis it shares the blunt slightly protruding

epigastric eminences, the non-recurved pos-

terior branchial margin, and the low pro-

filed carpal lobe.

Aegla occidentalis differs from the other

almond-shaped species by having the dorsal

surface of the carapace grossly punctated, a

feature most evident in specimens with old,

darkened carapaces, and by having the an-

terolateral angle of the second abdominal

epimeron rounded and frequently without
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an apical scale (see Table 2). The palmar

crest in A. occidentalis, although subrect-

angular, is slightly to moderately expanded,

with the margin weakly serrate, and faintly

concave on the dorsum. In that respect it

differs from A. araucaniensis, in which the

palmar crest is clearly expanded, markedly

indented, and dorsally concave especially at

its posterior end; and from A. laevis, which

has a less expanded but similarly concave

posterior ending palmar crest. The morpho-

logical differences between A. occidentalis

and the above mentioned species are subtle,

and subject to considerable variation but

still enough to distinguish the species. From
A. bahamondei it differs in lacking acute,

apically elongate, conical rostrum; dentic-

ulate branchial margin; protuberant proto-

gastric eminences; anterolateral angle of

second abdominal epimeron spiniform;

fourth thoracic sternum with median acute,

conical, tubercle; and spine-like dactylar

lobe of chelae (Jara 1982).

Genetically, A. occidentalis shows clear

differences from all other Chilean species

analyzed by Perez-Losada et al. (2002). Ac-

cording to those authors, the interspecific

degree of average pairwise genetic diver-

gence estimated from the corrected genetic

distances ranges from 1.3%-9.9%. The pair

A. occidentalis—A. bahamondei has the low-

est divergence, 1.4% to 1.6%, a value sim-

ilar to that observed for other pairs (e.g., A.

cholchol Jara & Palacios, 1999-A. rostrata

Jara, 1977 = 1.3% to 1.5%), and higher

than that observed in pairs of subspecies

(e.g., A. denticulata lacustris Jara, 1989-A.

denticulata denticulata Nicolet, 1849 =

0.3% to 0.4%), or in populations of a single

species (e.g., A. affinis Schmitt, 1942 =

0.2%). Thus, these data suggest that the ge-

netic differences observed between A. oc-

cidentalis and A. bahamondei are indicative

of species distinctness within the Aeglidae.

Remarks.—The discovery of the new
species A. occidentalis was facilitated by

the application of molecular techniques in

the study of phylogenetic relationships

among the Chilean species of Aegla (Perez-

Losada et al. 2002), which provided a high-

resolution approach to assess taxonomic

limits. The existence of similar morpholo-

gies in two or more species may be due to

close phylogenetic relationship (descen-

dents from a common recent ancestor), or

to morphological convergence. Conver-

gence may result from the independent evo-

lution of the same specialized (adaptive)

features in response to similar selective

pressures, or to retention of a generalized

ancestral morphotype (Moore & Willmer

1997). In the present case, the comparison

of A. occidentalis with other species of Ae-

gla indicates that the morphotype of the

new species is markedly similar to that of

A. laevis and A. araucaniensis. The genetic

divergence and phylogenetic analysis

(Perez-Losada et al. 2002) of four mito-

chondrial genes from 16 Chilean aeglids

suggest that the species most closely related

to A. occidentalis is A. bahamondei, a spe-

cies from which the former clearly differs

in morphology (Jara 1982), and the two oc-

cupy the same biotope. The high degree of

genetic divergence between A. occidentalis

and A. araucaniensis (3.5%-3.7%) and be-

tween A. occidentalis and A. laevis (5.9%-

7.4%), and their clearly separated phylo-

genetic positions in the maximum likeli-

hood and maximum parsimony trees (see

Perez-Losada et al. 2002), suggest the pos-

sibility of morphological convergence rath-

er than the sharing of a generalized ances-

tral morphotype. In contrast, the inferred

close relationship between A. occidentalis

and A. bahamondei, and the fact that they

share the same biotope with no appreciable

differences in density (C. G. Jara, pers.

obs.), suggest an evolutionary and geo-

graphic scenario that allowed for the allo-

patric speciation of both taxa, and for their

subsequent concurrence in the same river

basin.

The specimens of Aegla "not yet iden-

tified" mentioned by Jara (1982) have

proven to represent the new species A. oc-

cidentalis. As previously mentioned, part of

the material of A. araucaniensis reported by
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Jara (1996), contains specimens of A. oc-

cidentalis.

Conservation.—From a conservation

perspective, A. occidentalis qualifies as

"Vulnerable" (VU) according to the crite-

ria included in the lUCN (2001) Red List

Categories, because, with only five recog-

nized localities, its populations are likely

fragmented and restricted in distribution

due to severe perturbations in the river ba-

sins of the western slope of the Coastal

Cordillera by intense logging activities (cri-

terion D2).
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A new genus and new species of the family Paguridae (Crustacea:

Decapoda: Anomura), from Hachijo-jima Island, Japan, with a list of

hermit crab species found in the same collection sites
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Abstract.—A new genus and new species of pagurid hermit crab, Hachijo-

pagurus rubrimaculatus, is described and illustrated on the basis of three spec-

imens from Hachijo-jima Island in the Izu Islands, Japan. The new genus Hach-

ijopagurus appears close to Pygmaeopagurus McLaughlin, 1986, but differs

from the latter in having the eighth thoracic sternite with a pair of ventrally

flattened lobes in male and female, and a rod-like sexual tube on the coxa of

the right fifth pereopod in male. The distinct concavity at the dorsomesial distal

angle of the palm of the right cheliped can be regarded as unique for H.

rubrimaculatus since such the structure has not been described for any known
pagurid species. A list of the hermit crab species found in the collection sites

of the present new species is provided.

Kato & Okuno (2001) introduced the

richness of the shallow-water decapod crus-

tacean fauna around Hachijo-jima Island of

the Izu Islands, Japan, in their local guide-

book "Shrimps and crabs of Hachijo Is-

land", with many underwater photographs.

Their book contains a photograph of an un-

usual hermit crab, "Paguridae sp.", taken

at the depth of 40 m. The photographed

specimen could be collected, and was found

to have a characteristic right cheliped with

a distinct concavity at the dorsomesial distal

angle of the palm. In addition to this spec-

imen, two hermit crabs proved to be con-

specific with Kato & Okuno's (2001) "Pa-

guridae sp." from Hachijo-jima Island were

made available for close taxonomic study.

The examination of the three specimens re-

vealed that they represent an undescribed

species that can not be assigned to any

known pagurid genera. Thus, we herein de-

scribe and illustrate these specimens as a

new genus and new species.

General terminology used in the descrip-

tion follows that of McLaughlin (1974:9),

with the exception of the posterior carapace

(see Lemaitre 1995:2), fourth pereopod (see

McLaughlin 1997:435), and gill structure

(see McLaughlin & de Saint Laurent 1998:

161). The submedian grooves on the shield

are termed "paragastric grooves" (see Ko-

mai & Osawa 2001:1291). Forest et al.

(2000:24) is followed in the interpretation

of the ocular peduncle, which is provided

basally with a small calcified plate referred

to as the "ocular acicle". The sternites of

the third maxillipeds and third and fifth pe-

reopods are each shown as "third",

"sixth", and "eight" thoracic sternites.

Shield length (si), as measured from the tip

of the rostrum to the midpoint of the pos-

terior margin of the shield, indicates spec-

imen size. The lengths of the segments of

the chelipeds were measured along the dor-

somesial margin except for the chelae,

which were measured along each the dorsal

midline from the proximal margin of the

palm to the level of the distal tip of the



944 PROCEEDINGS OF THE BIOLOGICAL SOCIETY OF WASHINGTON

fixed finger. The widths of the chelae were

measured at the dorsoproximal points of the

fingers. The lengths of the segments of the

ambulatory legs were measured along the

dorsal margins, but for the propodus, ex-

cluding the proximal oblique margin and

distal projection. The heights of the propodi

and meri of the ambulatory legs were mea-

sured along the lateral transverse midline.

The drawings were made with the aid of a

drawing tube mounted on a Leica MZ8 ste-

reomicroscope. The type material of the

new species is deposited in the Coastal

Branch of Natural History Museum and In-

stitute, Chiba (CMNH, with code of ZC),

and National Science Museum, Tokyo
(NSMT, with code of Cr).

A list of hermit crabs found in the col-

lection sites of the present new species is

given in "Appendix", with the specimen

and collection data. The specimens are de-

posited in CMNH.

HachijopaguruSy new genus

Diagnosis.—Eleven pairs of biserial,

phyllobranchiate gills. Shield with moder-

ately well developed, broadly triangular

rostrum. Ocular acicles subtriangular, not

elongate. Antennal peduncles with super-

numerary segmentation. Maxillule with en-

dopod bearing subtriangular external lobe.

Third maxilliped with ischium bearing de-

veloped crista dentata and accessory tooth.

Chelipeds markedly unequal, right much
stronger. Fourth pereopod semichelate, pro-

podal rasp composed of single row of cor-

neous scales, dactyl lacking preungual pro-

cess. Sixth thoracic sternite with semicir-

cular anterior lobe. Eighth thoracic sternite

with pair of ventrally flattened lobes. Male

with coxae of fifth pereopods slightly asym-

metrical, right larger; each with sexual tube

rod-like, distally curved, longer than coxal

length measured on ventral surface; 3 un-

paired, unequally biramous left pleopods on

third to fifth abdominal somites. Female

with unpaired left gonopore; no paired ple-

opods; 4 unpaired, unequally biramous left

pleopods on second to fifth abdominal so-

mites. Abdomen well developed, dextrally

coiled. Uropods markedly asymmetrical.

Telson with midlateral transverse identa-

tions on lateral margins; posterior lobes

with terminal margins separated by shallow

median cleft.

Type species.—Hachijopagurus rubri-

maculatus, new species, by present desig-

nation.

Etymology.—The genus name is a com-
bination of ''Hachijo'\ meaning the locality

where the type species was collected, and

''pagouros,'' meaning crab in Greek. Gen-

der is masculine.

Remarks.—Hachijopagurus shares with

certain species belonging to the genera

Alainopagurus Lemaitre & McLaughlin,

1995, Decaphyllus de Saint Laurent, 1968,

Iridopagurus de Saint Laurent-Dechance,

1966, Nematopaguroides Forest & de Saint

Laurent, 1968, Nematopagurus A. Milne-

Edwards & Bouvier, 1892, and Solitario-

pagurus Tiirkay, 1986, a pair of sexual

tubes being longer than the coxa of the fifth

pereopod in male measured on the ventral

surface. Among these genera, Hachijopa-

gurus resembles Nematopaguroides or Ne-

matopagurus in that the right sexual tube is

slender and distally filamentous, but differs

from the latter two genera in having mark-

edly unequal chelipeds in both male and fe-

male, and unpaired left gonopore in female.

Species of Nematopaguroides and Nema-
topagurus have subequal or somewhat un-

equal chelipeds, and paired gonopores in fe-

male (see McLaughUn 1997, 2003; Wang
& McLaughlin 2000).

Hachijopagurus rather appears close to

Pygmaeopagurus McLaughlin, 1986 cur-

rently recognized as monotypic (type spe-

cies: P. hadrochirus McLaughlin, 1986

from Hawaii), in sharing a set of characters

as follows: eleven pairs of biserial gills;

shield with a moderately well developed,

broadly triangular rostrum; crista dentata of

the third maxilliped with an accessory

tooth; semichelate fourth pereopods with a

single row of corneous scales in the pro-
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podal rasp; male with a rod-like sexual tube

on the coxa of the left fifth pereopod and

three unpaired left biramous pleopods; and

female with unpaired left gonopore, no pair

of pleopods modified as goponods on the

first abdominal somite, and four unpaired

left biramous pleopods. However, the shape

of the eighth thoracic sternite in both male

and female and the coxa of the right fifth

pereopod in male immediately distinguish

the two genera. The eighth thoracic sternite

consists of a pair of ventrally flattened lobes

in Hachijopagurus, whereas it is produced

as two closely-set lobes in Pygmaeopagu-

rus. The coxa of the right fifth pereopod has

a rod-like sexual tube in Hachijopagurus,

but lacks a sexual tube and gonopore in

Pygmaeopagurus.

Hachijopagurus is also allied to Anapa-

gurides de Saint Laurent-Dechance, 1966,

but the structure of sexual tubes in male is

different in the two genera. Hachijopagurus

has a rod-like sexual tube on each the right

and left coxae of the fifth pereopods, but

Anapagurides possesses a pair of short or

very short sexual tubes or only a right tube

(see Komai 1999:25). On the coxa of the

left fifth pereopod, Anapagurides facetus

(Melin, 1939) from the Ogasawara Islands

of Japan has a slightly protruded vas defer-

ens (see McLaughlin & Sandberg 1995:

583); while A. reesei (McLaughlin, 1986)

from Hawaii possesses frequently a vestige

of sexual tube (see McLaughlin 1986:801,

as Nanopagurus McLaughlin, 1986), and A.

aequalis Komai, 1999 from off Torishima

Island of Japan has a very short sexual tube

(see Komai, 1999:24).

The monotypic Trichopagurus de Saint

Laurent, 1968 (type species: Catapaguro-

idesl trichophthalmus Forest, 1954 from

Tahiti) is somewhat similar to Hachijopa-

gurus, but has quadriserial gills with la-

mellae weakly divided distally, and a rudi-

mentary left sexual tube in male (see de

Saint Laurent 1970:210, figs. 11, 16).

Hachijopagurus has biserial gills, and a

rod-like left sexual tube.

Hachijopagurus rubrimaculatus

new species

Figs. 1-3

Paguridae sp.: Kato & Okuno 2001:83, un-

numbered fig.

Type material.—Holotype: male (si 1.6

mm), Nazumado, Hachijo-jima Island, Izu

Islands, 45 m, 25 Nov 2000, SCUBA dive,

coll. S. Kato, CMNH-ZC 470. Paratypes: 1

female (si 1.4 mm), Nazumado, Hachijo-

jima Island, Izu Islands, 40 m, 17 Dec
2000, SCUBA dive, coll. S. Kato, NSMT-
Cr 14556 [specimen of "Paguridae sp."

photographed by Kato & Okuno (2001)]. 1

female (si 1.3 mm), Kyokucho-hama,
Hachijo-jima Island, Izu Islands, 40 m, 9

Jul 2002, SCUBA dive, coll. J. Okuno &
K. Tanaka, CMNH-ZC 930.

Description.—Eleven pairs of biserial

phyllobranchiate gills; 2 moderately well to

well developed arthrobranchs on each third

maxilliped to fourth pereopod; single mod-
erately well developed pleurobranch on

seventh thoracic somite.

Shield (Fig. lA) slightly longer than

broad or slightly broader than long, not

strongly calcified; anterior margin between

rostrum and lateral projections concave; an-

terolateral margins sloping; posterior mar-

gin roundly truncate; dorsal surface weakly

convex in general but concave laterally

along conspicuous paragastric grooves,

with short setae behind rostrum and lateral

projections. Rostrum moderately well de-

veloped, broadly triangular, terminating in

small spine directed ventrally at slight an-

gle, overreaching lateral projections, dorsal

surface with weak, short median ridge. Lat-

eral projections broadly subtriangular, each

with small submarginal spine. Accessory

portions along cervical groove (not illus-

trated) narrow, generally membranous but

slightly calcified along cervical groove.

Posterior carapace membranous, with few

tufts of short setae; posteromedian plate

very weakly calcified, with pair of tufts of

short setae in posterior half; cardiac sulci

weakly marked, subparallel in anterior half
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Fig. L Hachijopagurus rubrimaculatus, new genus and new species. Holotype male (si 1.6 mm) from

Hachijo-jima Island, Izu Islands, Japan, CMNH-ZC 470. A, shield and cephalic appendages, dorsal; B, left

mandible, internal; C, same, palp, internal; D, right maxillule (coxal endite missing), external; E, same, lateral;

F, right maxilla, external; G, right first maxilliped (flagellum of exopod missing), external; H, left second max-

illiped, external; I, left third maxilliped, lateral; J, same, ischium and basis, dorsal (internal); K, sixth thoracic

sternite, ventral; L, eighth thoracic sternite, ventral; M, left sexual tube, lateral; N, telson, dorsal. Scales equal

1.0 mm.
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but divergent in posterior half, extending to

posterior margin; sulci cardiobranchialis

extending posteriorly along posterior mar-

gin of branchiostegite. Branchiostegites

membranous; anterior margins broadly

rounded, unarmed, fringed with short setae.

Ocular peduncles (Fig. lA) stout, sub-

cylindrical, 0.7 times as long as shield; dor-

sal surface with 2 rows of sparse tufts of

short setae mesially; basal portion inflated;

median portion concave laterally but slight-

ly convex mesially; corneas occupying 0.3

length of peduncle, not dilated, semispher-

ic, pigmented. Ocular acicles well devel-

oped, subtriangular, each with distinct mar-

ginal spine terminally, separated basally by

half basal width of 1 acicle; dorsal surface

convex; mesial margin with short and mod-
erately long setae.

Antennular peduncles (Fig. lA), when
fully extended, exceeding ocular peduncles

by 0.9 length of ultimate segment. Ultimate

segment elongate, 1.8 times longer than

penultimate segment, somewhat deeper dis-

tally, with 3 long setae near dorsodistal

margin. Penultimate segment with few
short setae on dorsodistal margin. Basal

segment elongate; statocyst lobe produced

laterally, with spine on lateral margin; ven-

trodistal margin with minute spine and

short setae. Upper flagellum elongate,

slightly longer than ultimate peduncular

segment; lower flagellum reaching mid-

length of upper flagellum.

Antennal peduncles (Fig. lA), when ful-

ly extended, exceeding distal margins of

corneas by approximately half length of

fifth segments. Fifth and fourth segments

with few scattered, moderately long setae.

Third segment with few moderately long

setae and small spine at ventromesial distal

angle. Second segment with dorsolateral

distal angle strongly produced, reaching

midlength of fourth segment, terminating in

small spine; dorsomesial distal angle with

small spine; mesial margin with few short

setae. First segment with small spine on

ventrolateral margin distally; ventrodistal

margin unarmed. Antennal acicles slender,

arcuate, reaching midlength of fifth pedun-

cular segment and overreaching bases of

corneas, each terminating in small spine;

mesial margin with tufts of moderately long

setae. Antennal flagella (missing in holo-

type) approximately 3.0 times longer than

shield, with 4 short setae distally on every

article.

Mandible (Fig. IB, C) with incisor pro-

cess without distinct teeth on mesial mar-

gin. Maxillule (Fig. ID, E) with external

lobe of endopod subtriangular, not re-

curved; internal lobe with apical bristle.

Maxilla (Fig. IF) with endopod overreach-

ing anterior margin of scaphognathite. First

maxilliped (Fig. IG) with endopod less than

half length of exopod, exopod inflated

proximally. Second maxilliped (Fig. IH)

with basis-ischium fusion incomplete. Third

maxilliped (Fig. II, J) with carpus unarmed

on dorsodistal margin; merus bearing small

distolateral spine; ischium with crista den-

tata composed of row of small corneous

teeth, accessory tooth small but distinct; ba-

sis-ischium fusion incomplete; basis with

few small denticles on mesial margin.

Chelipeds (Figs. 2A-F, 3A-D) consider-

ably unequal, right much stronger than left.

Right cheliped of male holotype (Fig. 2A-
D) massive, dactyl articulating obliquely

with palm, propodal-carpal articulation not

twisted. Chela with general outline subov-

ate in dorsal view, 1.6 times longer than

wide; dactyl and fixed finger weakly curved

ventrally, each terminating in small corne-

ous claw. Dactyl slightly longer than fixed

finger, 0.9 length of palm; cutting edge with

rounded calcareous teeth on proximal 0.8

and small corneous teeth on distal 0.2; dor-

sal surface convex, with closely-set, small

rounded tubercles and several short setae;

dorsomesial margin delimited by subacute

ridge of rounded tubercles; mesial surface

with irregular rows of small rounded tuber-

cles along dorsal and ventral margins; ven-

tromesial margin delimited by subacute

ridge of rounded tubercles, with several

short setae; ventral surface with small

rounded tubercles and double row of tufts
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Fig. 2. Hachijopagurus rubrimaculatus, new genus and new species. A-D, holotype male (si 1.6 mm) from

Hachijo-jima Island, Izu Islands, Japan, CMNH-ZC 470; E, F, paratype female (si 1.4 mm), same locality as

holotype, NSMT-Cr 14556. Right cheliped. A, entire cheliped, mesial; B, same, lateral; C, E, chela, dorsal, setae

omitted; D, F, carpus, dorsal, setae omitted. Scale equals 1.0 mm.

of short setae along cutting region. Palm
slightly shorter than carpus; dorsomesial

margin subacute, distinctly delimited by

row of moderately large tubercles, bearing

few short setae, dorsomesial distal angle

with prominent concavity; dorsal surface of

palm and fixed finger convex, with numer-

ous small rounded tubercles each occasion-

ally accompanied by tuft of few short setae,

palm with weakly elevated longitudinal row

of tubercles on midline and extending onto

fixed finger along cutting edge; dorsolateral

margin convex, delimited by subacute ridge

of rounded tubercles and low protuberanc-

es, with several short setae; mesial surface

with numerous, small tubercles; lateral sur-
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face with numerous, small low protuber-

ances; ventromesial and ventrolateral mar-

gins each delimited by subacute ridge of

low protuberances; ventral surface with nu-

merous, small low protuberances and tu-

bercles, and several short setae, larger pro-

tuberances present on longitudinal midline

of palm, several tufts of setae present along

cutting region; cutting edge of fixed finger

with low, rounded calcareous teeth on prox-

imal 0.6 (distalmost tooth well developed)

and small rounded calcareous teeth each

with minute corneous tip on distal 0.4. Car-

pus broad, becoming broader distally in

dorsal view, 1.2 times longer than merus;

dorsomesial margin depressed, with irreg-

ular row of curved spines accompanied by

few short setae, distal part with small tu-

bercles, distal angle produced bluntly; dor-

sodistal margin unarmed; dorsal surface

with short row of curved spines distally on

mesial half, row of curved spines adjacent

to dorsolateral margin, and scattered small-

er spines and tubercles, each spine occa-

sionally accompanied by few short setae;

dorsolateral margin weakly delimited, with

irregularly arranged small spines and tuber-

cles, distal angle produced bluntly; mesial

face with few scattered short setae, distal

margin with tuberculate ridge; ventromesial

margin protuberant, with tufts of moderate-

ly long setae; lateral face with small low

protuberances, distal margin wich tubercu-

late ridge; ventrolateral margin smooth, dis-

tal part produced, subtriangular ventrally,

bearing moderately long setae; ventral sur-

face slightly concave, with scattered, mod-
erately log setae, distal margin without

spines or tubercles. Merus subtriangular in

dorsal view; dorsal surface roundly ridged

along midline, with row of short transverse

ridge; dorsodistal margin unarmed but with

row of short setae; mesial face with few

short setae; lateral face with few small flat-

tened tubercles; ventromesial margin un-

armed but with short setae; ventrolateral

margin with row of small spines on subdis-

tal part and short setae; ventral surface with

few very short setae. Ischium unarmed on

dorsal surface; surfaces with scattered short

setae. Coxa unarmed but with long setae on

ventromesial margin. On carpus and merus,

setae on ventromesial and ventrolateral

margins and ventral face plumose; setae on

other faces and on chela and coxa appar-

ently simple.

Right cheliped of each female paratype

(Fig. 2E, F) smaller than that of male ho-

lotype; chela narrower and less tuberculate

on dorsal surface than that of male holo-

type, 1.7-1.8 times longer than wide; dactyl

0.9-1.0 length of palm; palm 0.7 length of

carpus, with more strongly elevated, longi-

tudinal median row of larger tubercles ir-

regularly arranged in single or double, and

more strongly elevated dorsomesial and

dorsolateral margins than those of male ho-

lotype.

Left cheliped (Fig. 3A-D) moderately

slender, reaching (female paratypes) or not

reaching (male holotype) to proximal mar-

gin of dactyl of right cheliped; dactyl artic-

ulating obliquely with palm; propodal-car-

pal articulation not twisted. Chela elongate,

3.2-3.4 times longer than wide; dactyl and

fixed finger slightly curved ventrally, each

terminating in small corneous claw. Dactyl

slightly longer than fixed finger, 1.2 length

of palm; cutting edge with row of sharply

pointed, small corneous teeth on distal 0.7;

dorsal surface weakly convex, with few

very short ridges each bearing short setae

along cutting region; dorsomesial margin

delimited by small low protuberances and

short transverse ridges each bearing tuft of

few short and moderately long setae, prox-

imal part subacute; mesial surface with few

very short ridges bearing short and mod-
erately long setae; ventromesial margin

rounded; ventral surface with row of tufts

of few short and moderately long setae

along cutting region. Palm 0.5-0.6 times as

long as carpus; dorsomesial margin delim-

ited, with row of irregularly arranged small

tubercles and several moderately long setae,

proximal tubercles spinulose; dorsal surface

convex, with elevated row of spines and

spinulose tubercles on midline of palm and
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Fig. 3. Hachijopagurus rubrimaculatus, new genus and new species. Holotype male (si 1.6 mm) from

Hachijo-jima Island, Izu Islands, Japan, CMNH-ZC 470. A, left cheliped, mesial; B, same, lateral; C, same,

chela, dorsal, setae omitted; D, carpus of same, dorsal, setae omitted; E, right second pereopod, lateral; F, left

third pereopod, lateral; G, left fourth pereopod, dactyl and propodus, lateral. Scales equal 1.0 mm.
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extending onto fixed finger along cutting re-

gion, tubercles on fixed finger reduced, lat-

eral part of fixed finger with irregularly ar-

ranged small protuberances and tubercles,

spines and tubercles accompanied by few

short or moderately long setae; dorsolateral

margin not delimited; mesial face with

small flattened tubercles and short oblique

ridges dorsally; lateral face with small low

protuberances, short oblique ridges, and

several short and moderately long setae;

ventral surface roundly crested on longitu-

dinal midline, with several short transverse

ridges bearing long and short setae on palm

and longitudinal double row of irregularly

arranged tufts of short and moderately long

setae on fixed finger; cutting edge of fixed

finger with row of small calcareous teeth

interspersed with very short corneous teeth.

Carpus 1.1-1.2 times longer than merus;

dorsomesial and dorsolateral margins each

with row of strong spines and several mod-
erately long setae, spine at each distal angle

largest; dorsodistal margin unarmed; dorsal

surface with few small tubercles; mesial

face with row of small spinulose protuber-

ances and moderately long setae adjacent to

dorsomesial margin; lateral face with short

or very short transverse ridges sometimes

bearing short setae; ventromesial margin

with few tufts of long setae; ventrolateral

margin with small tubercles, protuberances,

and tufts of long setae; ventral surface

slightly concave, with tufts of long and

moderately long setae. Merus subtriangular

in dorsal view; dorsal surface roundly

ridged along midline, with few short trans-

verse ridges bearing short setae; dorsodistal

margin unarmed but with row of moderate-

ly long setae; mesial face nearly naked;

ventromesial margin unarmed but with

transverse tufts of long setae; lateral surface

with short and very short transverse ridges;

ventrolateral margin with strong spines dis-

tally, and long and short setae; ventral sur-

face with several long setae. Ischium un-

armed on dorsal surface; ventral surface

with moderately long setae. Coxa unarmed

but with long setae on ventromesial margin.

On carpus and merus, setae on ventromesial

and ventrolateral margins and ventral face

plumose; setae on other faces and on chela

and coxa apparently simple.

Second and third pereopods (Fig. 3E, F)

generally similar from left to right but dif-

ferent in length, right subequal to or slightly

longer than left; right second pereopod

slightly overreaching tip of right cheliped.

Dactyls 1.2 times as long as propodi in sec-

ond, 1.2 times as long in third, moderately

slender, weakly curved ventrally in lateral

view, straight in dorsal view, each termi-

nating in corneous claw; lateral and mesial

surfaces unarmed but each with shallow

sulcus along midline and tufts of sparse

short setae along dorsal margin; ventral

margins each with 6-8 (second) or 6-9

(third) slender corneous spines and few

short setae. Propodi 1.3 times longer than

carpi and 3.8 times longer than high in sec-

ond, 1.2-1.4 times longer than carpi and 3.5

times longer than high in third; lateral and

mesial surfaces with few tufts of very short

setae along each dorsal and ventral margin;

dorsal faces weakly protuberant on right but

apparently smooth on left, each with row of

sparse, moderately long setae; ventral faces

each with row of 4-6 small corneous spines

and few short setae, spine at distal angle

largest. Carpi 0.7 length of meri in second,

0.8-0.9 length in third, each with spinule

near dorsodistal angle; lateral and mesial

surfaces with few short setae; dorsal and

ventral faces with sparse setae, setae on

dorsal face longer. Meri 2.9 times longer

than high in second, 2.4-2.7 times longer

in third; lateral surfaces apparently naked;

ventral margins each with few small pro-

tuberances, and small spine at each distal

angle and distal third on second, but un-

armed on third; dorsal and ventral surfaces

each with row of sparse short and moder-

ately long setae; mesial faces naked. Ischia

with short and moderately long setae on

dorsal and ventral surfaces. Coxae un-

armed, with few tufts of short and moder-

ately long setae; female with gonopore only

on left side.
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Fourth pereopods (Fig. 3G) subequal in

size, semichelate, with scattered tufts of

moderately long, simple and plumose setae

marginally. Dactyl moderately curved, with

row of tiny corneous teeth on lateral face

ventrally, no preungual process at base of

terminal claw. Propodus with strongly con-

vex ventral margin; propodal rasp com-

posed of single row of small ovate and lan-

ceolate, corneous scales on distal 0.8 of

ventral margin. Carpus unarmed on dorsal

surface.

Fifth pereopods chelate; size of coxae

(Fig. IL) slightly asymmetrical with right

larger in male, but equal in female. Male

with right coxa with membranous, rod-like

sexual tube approximately 2.2 coxal length

measured on ventral surface, directed an-

teriorly; distal part recurved posteriorly, na-

ked; left coxa (Fig. IM) with membranous,

rod-like sexual tube directed ventromesial-

ly, slightly shorter and slenderer than right;

distal part recurved posteriorly, naked.

Third thoracic sternite unarmed on ante-

rior margin. Sixth thoracic sternite (Fig.

IK) with semicircular anterior lobe slightly

skewed to left and bearing moderately long

setae on anterior margin. Eighth thoracic

sternite (Fig. IL) with pair of ventrally flat-

tened lobes separated by shallow median

depression, each with tuft of short bristles

(male holotype) or moderately long setae

(female paratypes) anteriorly.

Male with 3 left pleopods subequal in

size; each endopod 0.3 length of exopod.

Female (posterior half of abdomen missing

in paratype, CMNH-ZC 930) with 4 left

pleopods; pleopods on second to fourth so-

mites well developed, pleopods on fourth

somite slightly smaller than precedences;

pleopod on fifth somite much smaller; an-

terior 2 pleopods each with endopod half

length of exopod, posterior 2 pleopods each

with endopod 0.3 length of exopod.

Telson (Fig. IN) with distinct, midlateral

transverse identations on lateral margins in-

dicating division of anterior and posterior

lobes; posterior lobes slightly asymmetrical,

separated by shallow median cleft; terminal

margins oblique, each with 3 small spines

and short setae (male holotype) or appar-

ently lacking spines but bearing short stiff

setae (female paratypes), lateral angles

acute; lateral margins convex, each with

weakly delimited ridge.

Color in flesh specimens.—Shield pale

pink or reddish. Ocular peduncles and aci-

cles, antennular and antennal peduncles,

third maxillipeds, left cheliped, and second

to fourth pereopods greenish or pale yellow

with scattered small red speckles. Antennal

flagella semitransparent with interspaced

few red articles. Right cheliped pale pink or

reddish with yellow and orange tints.

Habitat.—Small gastropod shells, Gyri-

neum pusillum (Broderip) or Gyrineum spe-

cies, family Ranellidae.

Distribution.—So far known only from

Hachijo-jima Island in the Izu Islands, Ja-

pan; 40-45 m.

Etymology.—The specific name is a

combination of the Latin, ''ruber'\ mean-

ing red, and ''maculatus'\ meaning spotted,

in reference to the scattered red speckles on

most parts of the body.

Remarks.—The specimen of "Paguridae

sp." depicted in a color photograph by Kato

& Okuno (2001:83) is a female paratype of

this new species (NSMT-Cr 14556).

Hachijopagurus rubrimaculatus shows

intraspecific variations in the structure of

the right cheliped. The chela and carpus of

the male holotype are broader than those of

two smaller female paratypes. The palm of

the male is much more tuberculate, has a

less elevated longitudinal row of smaller tu-

bercles on the dorsal surface, and less ele-

vated dorsomesial and dorsolateral margins

than those of the females.

As noted in the remarks for the genus,

Hachijopagurus resembles Pygmaeopagu-

rus. Both H. rubrimaculatus and P. had-

rochirus have relatively large right cheli-

peds, but the size is different in comparison

to the total body mass. The cheliped is men-

tioned to be at least twice the mass in P.

hadrochirus (see McLaughlin 1986:790),

whereas it is approximately as same as or
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less than the mass in H. rubrimacidatus.

Hachijopagiiriis rubriinaculatus also seems

to differ from P. hadrochirus in having a

prominent concavity at the dorsomesial dis-

tal angle of the palm of the right cheliped.

Pygmaeopagurus hadrochirus may have a

similar structure in the mentioned part from

dorsal view (see McLaughlin, 1986:792,

fig. 2b). However, the dorsomesial margin

of the right palm is described as having two

or three broad, thin, plate-like projections,

and the mesial surface apparently has a sul-

cus along the dorsomesial margin, judging

from McLaughlin (1986:792, fig. 2c). The

distinct concavity at the dorsomesial distal

angle of the palm of the right cheliped can

be regarded as unique for H. rubrimacula-

tus since such the structure has not been

described for any known pagurid species.

The shape of the corneas of the ocular pe-

duncles is also different between H. rubri-

maculatus and P. hadrochirus. It is semis-

pheric in H. rubrimaculatus, but cone-like

and bluntly pointed in P. hadrochirus.

Available field observations with SCU-
BA equipment in Hachijo-jima Island re-

vealed that Hachijopagurus rubrimaculatus

occurred among or under stones on shelly

sand bottom at depths of around 40 m. In

the collection sites of this species, the fol-

lowing hermit crab species were also found:

Calcinus anani Poupin & McLaughlin,

1998; Dardanus lagopodes (Forskal, 1775);

Pagurus lophochela Komai, 1999; Pylopa-

guropsis furusei Asakura, 2000: Pylopagu-

ropsis speciosa McLaughlin & Haig, 1989;

and Pylopaguropsis zebra (Henderson,

1893) (see Appendix). Individuals oi Hach-

ijopagurus rubrimaculatus are much small-

er in size than those of other species found

except for Pagurus lophochela. The small

size of the specimens of this new species

makes it rather difficult to find them in the

field.

Acknowledgments

We thank Mr. Shoichi Kato of the ''Reg-

ulus Diving", a well-known service shop

for local SCUBA divers in Hachijo-jima Is-

land, for first finding this unusual hermit

crab in the field, and kindly providing us

with the specimens for study. Mr. Kotaro

Tanaka of the "Diving Club Con:color" in

Hachijo-jima Island also assisted the second

author in collecting additional material. Mr.

Masahiro Aizawa of the Coastal Branch of

Natural History Museum and Institute, Chi-

ba, kindly identified the gastropod shells

carried by the hermit crabs for us. We are

grateful to Dr. Patsy A. McLaughlin of the

Shannon Point Marine Center. Western

Washington University, Dr. Rafael Lemaitre

of the National Museum of Natural History,

Smithsonian Institution, and Dr. Akira

Asakura of the Natural History Museum
and Institute, Chiba, for their valuable com-

ments and suggestions to improve the man-

uscript. This study was supported in part by

a research fellowship for young scientists

from the Japan Society for the Promotion

of Science, to the first author.

Literature Cited

Asakura. A. 2000. A re\'ie\v of Japanese species of

Pylopaguropsis Alcock. 1905 (Decapoda: An-

omura: Paguridae).—Crustacean Research 29:

70-108.

Forest, J. 1954. Crustaces Decapodes Marcheurs des

lies de Tachiti et des Tuamotu. 1. Paguridea

(suite).—Bulletin du Museum national

d'Histoire naturelle. Paris. 2^ serie. 26:71-79.

. & M. Saint Laurent, de. 1968. Resultats scien-

tifiques des campagnes de la "Calypso". Part

VIII. Campagne de la Calypso au large des

cotes Atlantiques de TAmerique du Sud (1961-

1962). 6. Crustaces Decapodes: Pagurides.

—

Annales de Tlnstitut oceanographique de Mon-
aco, n. s. 45:47-172.

, . P. A. McLau2hlin. & R. Lemaitre.

2000. The marine fauna of New Zealand: Pa-

guridea (Decapoda: Anomura) exclusi\e of the

Lithodidae.—National Institute of Water and

Atmospheric Research Biodiversity Memoir
114:1-250.

Forskal, P. 1775. Descriptiones animalium avium, pis-

cium. amphibiorum. insectorum. vermium: quae

in itinere orientali observavit: 1-19. i-x\xii. 1-

164.

Henderson, J. R. 1893. A contribution to Indian car-

cinology.—Transactions of the Linnean Society

of London. Zoology (2)5:325-458.



954 PROCEEDINGS OF THE BIOLOGICAL SOCIETY OF WASHINGTON

Kato, S., & J. Okuno. 200L Shrimps and crabs of

Hachijo Island. TBS-BRITANNICA Co., Ltd.,

Tokyo, 160 pp. (in Japanese).

Komai, T. 1999. Hermit crabs of the families Diogen-

idae and Paguridae (Crustacea: Decapoda: An-

omura) collected during Shin'yo-maru cruise to

the Ogasawara Islands and Torishima Island,

oceanic Islands in Japan.—Natural History Re-

search, Chiba, Special Issue 6:1-66.

, & M. Osawa. 2001. A new distinctive species

of pagurid hermit crab (Crustacea: Decapoda:

Anomura) from Japan.—Zoological Science 18:

1291-1301.

Lemaitre, R. 1995. A review of the hermit crabs of the

genus Xylopagurus A. Milne Edwards, 1880

(Crustacea: Decapoda: Paguridae), including

descriptions of two new species.—Smithsonian

Contributions to Zoology 570:i-iii, 1-27.

, & P. A. McLaughlin. 1995. Alainopagurus

crosnieri n. gen., n. sp. (Decapoda: Anomura:

Paguridae) from the western Pacific.—Bulletin

Museum national d'Histoire naturelle, Paris 4*=

serie, section A, 17:273-282.

McLaughlin, P. A. 1974. The hermit crabs (Crustacea,

Decapoda, Paguridea) of northwestern North

America.—Zoologische Verhandelingen 130:1-

396.

. 1986. Three new genera and species of hermit

crabs (Crustacea, Anomura, Paguridae) from

Hawaii.—Journal of Crustacean Biology 6:

789-803.

. 1997. Crustacea Decapoda: Hermit crabs of

the family Paguridae from the KARUBAR
cruise in Indonesia in A. Crosnier, and P.

Bouchet, eds., Resultats des Campagnes MU-
SORSTOM, 16.—Memoires du Museum na-

tional d'Histoire naturelle, Paris 172:433-572.

. 2003. Illustrated keys to families and genera

of the superfamily Paguroidea (Crustacea: De-

capoda: Anomura), with diagnoses of genera of

Paguridae.—Memoirs of Museum Victoria 60:

111-144.

, & J. Haig. 1989. On the status of Pylopagu-

ropsis zebra (Henderson), P. magnimanus
(Henderson), and Galapagurus teevanus Boone,

with descriptions of seven new species of Py-

lopaguropsis (Crustacea: Anomura: Paguri-

dae).—Micronesica 22:123-171.

, & M. Saint Laurent, de. 1998. A new genus

for four species of hermit crabs formerly as-

signed to the genus Pagurus Fabricius (Deca-

poda: Anomura: Paguridae).—Proceedings of

the Biological Society of Washington 111:158-

187.

, & L. Sandberg. 1995. Redescriptions of Gus-

taf Melin's '^Eupagurus {Pagurillusy exiguus,

''Eupagurus {Catapagurus)" vallatus, and ''Eu-

pagurus (Spiropagurus)" facetus (Decapoda:

Anomura: Paguridae) based on the type mate-

rial.—Journal of Crustacean Biology 15:569-

587.

Melin, G. 1939. Paguriden und Galatheiden von Prof.

Dr. Sixten Bocks Expedition nach den Bonin-

Inseln 1914.—Kungliga Svenska Vetenskapsak-

ademiens Handlingar, series 3 18:1-119.

Milne-Edwards, A., & E.-L. Bouvier. 1892. Observa-

tions preliminaries sur les paguriens recueillis

par les expeditions du Travailleur et du Talis-

man.—Annales des Sciences Naturelles, Zool-

ogie et Paleontologie, serie 7, 13:185-226.

Poupin, J., & P. A. McLaughlin. 1998. Additional re-

cords of Calcinus species (Decapoda: Anomura:

Diogenidae) from French Polynesia with de-

scription of three new species and a key to

Indo-west Pacific species of the genus.—Crus-

tacean Research 27:9-27.

Saint Laurent, M. de. 1968. Revision des genres Ca-

tapaguroides et Cestopagurus et description de

quatre genres nouveaux. I. Catapaguroides A.

Milne Edwards et Bouvier et Decaphyllus nov.

gen. (Crustaces Decapodes Paguridae).—Bul-

letin du Museum national d'Histoire naturelle,

Paris, 2'= serie, 39 ['1967']:923-954.

. 1970. Revision des genres Catapaguroides et

Cestopagurus et description de quatre genres

nouveaux. V. Trichopagurus de Saint Laurent

(Crustaces Decapodes Paguridae). VI. Conclu-

sion.—Bulletin du Museum national d'Histoire

naturelle, Paris, 2^ serie, 42:210-222.

Saint Laurent-Dechance, M. de. 1966. Remarques sur

la classification de la famille des Paguridae et

sur la position systematique d' Iridopagurus de

Saint Laurent. Diagnose d'Anapagurides gen.

nov.—Bulletin du Museum national d'Histoire

naturelle, Paris, 2^ serie, 38:257-265.

TiJrkay, M. 1986. Crustacea Decapoda Reptantia der

Tiefsee des Roten Meeres.—Senckenbergiana

Maritima 18:123-185.

Wang, Y.-L., & P A. McLaughlin. 2000. First report

of Nematopaguroides (Crustacea: Decapoda:

Paguridae) in the Indo-Pacific, and the descrip-

tion of a new species.—Proceedings of the Bi-

ological Society of Washington 113:956-963.

Appendix

List of hermit crab species found in the collection

sites of Hachijopagurus rubrimaculatus, new species,

at Hachijo-jima Island, Izu Islands, Japan

Family Diogenidae

Calcinus anani Poupin & McLaughlin, 1998. 1 male

(si 3.8 mm), Nazumado, 40 m, 30 Nov 2000, SCUBA
dive, coll. S. Kato, CMNH-ZC 516. 1 female (si 4.2

mm), Nazumado, 45 m, 4 Dec 2000, SCUBA dive,

coll. S. Kato, CMNH-ZC 517.

Dardanus lagopodes (Forskal, 1775). 1 male (si 9.6
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mm), Nazumado, 40 m, 1 Dec 2000, SCUBA dive,

coll. S. Kato, CMNH-ZC 933. 1 male (si 10.0 mm),

Kyokucho-hama, 40 m, 9 Jul 2002, SCUBA dive, coll.

J. Okuno & K. Tanaka, CMNH-ZC 936. 1 juvenile (si

1.8 mm), same data as CMNH-ZC 936, CMNH-ZC
937.

Family Paguridae

Pagurus lophochela Komai, 1999. 1 male (si 2.2

mm), Nazumado, 45 m, 4 Dec 2000, SCUBA dive,

coll. S. Kato, CMNH-ZC 595. 1 male (si 1.6 mm),

same data as CMNH-ZC 595, CMNH-ZC 596. 1 ovig-

erous female (si 1.5 mm), Kyokucho-hama, 40 m, 9

Jul 2002, SCUBA dive, coll. J. Okuno & K. Tanaka,

CMHN-ZC 934. 1 male (si 1.2 mm), sama data as

CMHN-ZC 934, CMNH-ZC 935. 1 female (si 1.6

mm), same data as CMHN-ZC 934, CMNH-ZC 938,

Pylopagiiropsis fiirusei Asakura, 2000. 1 female (si

3.4 mm), Nazumado, 40 m, 24 Nov 2000. SCUBA
dive, coll. S. Kato, CMNH-ZC 874. 1 female (si 2.5

mm), same data as CMNH-ZC 874, CMNH-ZC 875.

1 female (si 2.2 mm), Nazumado, 45 m, 4 Dec 2000,

SCUBA dive, coll. S. Kato, CMNH-ZC 876. 1 male

(si 2.7 mm), same data as CMNH-ZC 876. CMNH-ZC
877.

Pylopaguropsis speciosa McLaughlin & Haig, 1989.

1 male (si 3.7 mm). Nazumado, 40 m. 30 Nov 2000,

SCUBA dive, coll. S. Kato, CMNH-ZC 522. 1 male

(si 1.9 mm), same data as CMNH-ZC 522, CMNH-ZC
873.

Pylopaguropsis zebra (Henderson, 1893). 1 male (si

2.4 mm), Nazumado, 40 m, 30 Nov 2000, SCUBA
dive, coll. S. Kato, CMNH-ZC 523. 1 male (si 2.5

mm), same data as CMNH-ZC 523, CMNH-ZC 525.
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A new species of the hermit crab genus Diogenes (Decapoda:

Anomura: Paguroidea: Diogenidae) from Pakistan, with a

comparative diagnosis of D, guttatus Henderson, 1888

Feroz A. Siddiqui and Patsy A. McLaughlin

(FAS) Marine Reference Collection and Resource Centre, University of Karachi,

Karachi-75270, Pakistan;

(PMcL) Shannon Point Marine Center, Western Washington University,

1900 Shannon Point Road, Anacortes, WA 98221-9041B, U.SA.

Abstract.—Comparison of the holotype of Diogenes guttatus Henderson with

the Pakistani specimens attributed to that taxon has shown that they are not

conspecific. The Pakistani specimens are described herein as Diogenes tirmi-

ziae, sp. nov. A diagnosis of D. guttatus, based on the holotype, is presented

for comparative purposes.

In earlier studies of the hermit crab fau-

na of Pakistan, Tirmizi & Siddiqui (1981,

1982) identified specimens as Diogenes

guttatus Henderson, 1888. McLaughlin
(2002b) compared Tirmizi & Siddiqui 's

(1981, 1982) specimens with Henderson's

(1888) holotype from H.M.S. Challenger

station 187 in the Torres Strait, off north-

ern Australia, and with two incomplete

specimens collected in the Andaman Sea,

west of Phuket, Thailand. McLaughlin

(2002b) concluded that while the Andaman
Sea specimens were most probably con-

specific with Henderson's (1888) species,

the Pakistani specimens definitely were

not. We have now reexamined Tirmizi &
Siddiqui's (1981, 1982) material, together

with specimens collected more recently,

and find that they cannot be assigned to

any known taxon. They are described here-

in as Diogenes tirmiziae, sp. nov. As the

left chelipeds were missing from both of

the Thai specimens McLaughlin (2002b)

illustrated only the shield, cephalic ap-

pendages and telson. We include an illus-

trated diagnosis of D. guttatus based on the

holotype, including the chela and carpus of

the left cheliped.

All of the specimens of D. tirmiziae, sp.

nov. were collected from shallow depths

along the Karachi coastal region. With the

exception of two specimens that have been

donated to the National Museum of Natural

History, Smithsonian Institution, Washing-

ton, D.C., USA (USNM), all specimens are

deposited in the Marine Reference Collec-

tion and Resource Centre, University of Ka-

rachi (MRCRC) under the catalog prefix

ANOM. The holotype of D. guttatus was

borrowed from The Natural History Muse-

um, London, United Kingdom (NHM).
The seeming inconsistencies between the

present species description of D. tirmiziae,

sp. nov., and the diagnosis presented by Tir-

mizi & Siddiqui (1982, as D. guttatus) are

principally a matter of semantics. Inclusion

of the family Diogenidae within the super-

family Paguroidea is based on the classifi-

cation of Martin & Davis (2001). Termi-

nology for the present description and di-

agnosis follows that of McLaughlin &
Clark (1997), except for McLaughlin's

(1997) definition of fourth pereopod struc-

ture. One measurement, shield length (si),

as measured from the midpoint of the ros-

tral lobe (exclusive of the intercalary rostral

process) to the midpoint of the posterior

margin of the shield, provides an indication

of animal size.
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Diogenes tirmiziae, sp. nov.

-3Figs. 1

Diogenes guttatus—Tirmizi & Siddiqui

1981: fig. 17; 1982:57. figs. 30, 31 (not

Diogenes guttatus Henderson, 1888).

Diogenes sp.—Siddiqui & Kazmi 2003:88.

—Holotype, Pache.

2.0 mm), MRCRC
Material examined.

22 Apr 2000, ? (si =

ANOM 276.

Paratypes.—VdiChQ: 24 Jul 1997. 1 9 (si

= 2.0 mm), MRCRC ANOM 274: 22 Apr

2000, 8 (? (si = 1.0-3.0 mm). MRCRC
ANOM 277.

Buleji: 20 Jan 1969, 1 d (si = 2.0 mm),
MRCRC ANOM 125; 12 Dec 1977, 1 2

(si = 2.0 mm), MRCRC AMON 225: 03

Oct 1990, 4 (? (si = 1.8-2.3 mm). MRCRC
ANOM 273. 2 d (si = 2.2, 2.5 mm) USNM
1009965.

Katti Bunder: 28 Jan 1975. 12 S (si =

1.0-2.5 mm). 2 $ (si = 1.0, 2.0 mm)
MRCRC ANOM 186.

Sandpit: 29 Oct 1999. 1 c? (si = 3.5 mm)
MRCRC ANOM 275; 24 Apr 2002, 10 6

(1.0-2.4 mm). 10 9 (si = 1.0-2.0 mm),
MRCRC ANOM 278.

Description.—Shield (Fig. lA-D) slight-

ly broader than long to slightly longer than

broad; anterior margin between very broad-

ly rounded rostral lobe and lateral projec-

tions somewhat concave and often with few

minute or tiny tubercles; anterolateral an-

gles usually spinulose, lateral margins each

usually cut by several transverse, spinulose

or tuberculate ridges, each extending onto

lateral surfaces of shield; posterior margin

truncate; dorsal surface with additional few

scattered spinules and tufts of sparse setae.

Lateral projections triangular, often with

tiny to small marginal or submarginal spine

or spinule. Dorsal margins of branchioste-

gites each with 5-8 moderately small

spines, partially obscured by fine setae.

Ocular peduncles 0.6-0.8 length of

shield, moderately stout, each with rows of

tufts of very sparse setae dorsomesially and

mesially; corneal diameter 0.2-0.3 of pe-

duncular length. Ocular acicles subtriangu-

lar. anterior margin with 2-4 prominent

spines and usually 3 or 4 additional spi-

nules. innermost spine often distinctly

thicker and sometimes with curved tip; aci-

cles basally separated by approximately 0.2

or less width of one acicle. Intercalary ros-

tral process stout proximally. frequently

drawn out into long slender terminal spine,

but not overreaching apices of innermost

acicular spines; no ventral spine.

Antennular peduncles moderately slen-

der, when fully extended overreaching cor-

neas by 0.2-0.5 length of ultimate seg-

ments. Ultimate and penultimate segments

unarmed, but with few tufts of moderately

long setae. Basal segment with few shorter

setae.

Antennal peduncles (Fig. lE-H) not

quite reaching or slightly overreaching dis-

tal corneal margins; with supernumerary

segmentation. Fifth segment with scattered

setae dorsally and 2 rows of long setae ven-

trally. Fourth segment unarmed, but with

tuft of moderately long setae dorsally. Third

segment with tuft of long setae on ventro-

distal margin. Second segment with dorso-

lateral distal angle usually produced into

prominent spine, 3-5 additional spines on

laterodistal margin ventrally (not visible in

dorsal view), dorsomesial distal angle with

or without acute spine, mesial margin with

tufts of setae. First segment usually with 1

or 2 small spines at dorsolateral distal an-

gle, lateral margin with few tiny spinules

ventrally. Antennal acicle short, broad, with

distally oblique margin armed with 3-5

very prominent spines and few setae. An-

tennal flagellum short, often not reaching to

proximal margin of palm of left cheliped;

each article with pair of long, pinnate setae.

Maxillule with endopod lacking external

lobe. Third maxilliped with inner margin of

coxal plate denticulate; 1-3 small spines on

basis; ischium with crista dentata composed

of 6-9 small corneous teeth.

Left cheliped (Fig. 2A-D') with dactyl

slightly shorter to approximately as long as

upper margin of palm, prominently arched;

cutting edse with row of small calcareous
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Fig. 1. Diogenes tirmiziae sp. nov.. A, E, F, holotype female, si = 2 mm, MRCRC ANOM Cat. No. 276;

B-D, G, H, paratypic males, si = 2.5-3 mm, MRCRC ANOM Cat No. 277. A-D, shield and cephalic appendages

(setae and aesthetascs generally omitted); E-H, antenna] peduncle and acicle (setae often omitted). E, H, left; F,

G, right. Scales equal 1 mm.
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Fig. 2. Diogenes tirmiziae sp. nov. A, E. holotype female, si = 2 mm, MRCRC ANOM Cat. No. 276; B-
D, F-H. paratypic males, si = 2.5-3 mm, MRCRC ANOM Cat No. 277. A-D, left cheliped (dorsolateral view)

(setae and full armature sometimes omitted); B'-D' left cheliped (ventrolateral view) (setae and armature some-

times omitted): E-H, right cheliped (dorsolateral view) (setae and armature sometimes omitted). Scales equal 1

mm.
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teeth and frequently 1 larger tooth proxi-

mally; terminating in large calcareous claw,

sometimes overlapping fixed finger; outer

surface generally flattened, armature vary-

ing from longitudinal row of moderately

small, subacute to blunt, tuberculate spines

and short row of small spinules adjacent to

cutting edge in distal 0.25 to complete cov-

ering of closely-spaced, small, conical tu-

bercles; upper margin with 2 rows, some-

times coalesced, of subacute or blunt spines

forming transverse, low ridges over full

length of margin; inner surface varying

from smooth and glabrous, or with row of

shallow pits and sparse very short setae ex-

tending nearly to tip and flanked proximally

by few very small tubercles, to overall

weakly tuberculate. Fixed finger with lower

margin often not distinctly delimited, but

with almost double row of small rounded

tubercles and forming straight line with

similarly armed lower margin of palm; out-

er surface somewhat convex, with covering

of small drop-like, spinulose tubercles,

sometimes simply ovate tubercles; inner

surface often with 2 rows of very shallow

pits and sparse tufts of very short setae,

rows divergent proximally, but converging

toward tip, sometimes with scattered tuber-

cles; cutting edge with row of small calcar-

eous teeth and 1 larger tooth proximally;

terminating in large calcareous claw. Palm
with outer surface angularly convex and

with covering of small, drop-like, frequent-

ly spinulose tubercles, often larger near up-

per margin, short longitudinal row of 4

small, tuberculate spines proximally in up-

per 0.2 sometimes evident; upper margin

with irregular single to double row of small

to moderately-sized, subacute, tuberculate

spines, ventral margin not delimited and no

prominent spines or tubercles at or near

ventroproximal angle; inner surface usually

tuberculate. Carpus equal to or slightly lon-

ger than palm and approximately equal to

length of merus; armature of upper margin

varying from irregular double row of small,

tuberculate spines to similarly double row
of prominent acute or subacute spines, outer

face angularly convex, upper 0.3 relatively

flat and with scattered very small tubercles

to well developed spines, angular 0.3 with

more numerous and slightly more promi-

nent, larger tubercles or spines, lower 0.4

with covering of much smaller tubercles,

lower margin not delimited, but with some-

what larger tubercles or tuberculate spines;

inner surface with scattered small tubercles

and sparse, moderately long setae. Merus
subtriangular; distal margin occasionally

with row of prominent spines extending lat-

erally and mesially; dorsal surface tuber-

culate or with short, transverse, spinulose or

spinose ridges and with tufts of moderately

long setae; lateral face tuberculate, tuber-

cles often larger near ventral margin, ven-

tromesial margin tuberculate or with row of

small spines; mesial face weakly tubercu-

late, distal margin with several spines or at

least with 2 small spines ventrally, ventro-

mesial margin with tubercles and few small

tuberculate spines or row of small to prom-

inent spines; ventral surface weakly tuber-

culate. Ischium with tuberculate ventral sur-

face, ventromesial margin tuberculate or

with row of small spines.

Right cheliped (Fig. 2E-H) appreciably

shorter than left, usually not reaching prox-

imal margin of palm of left; dactyl and

fixed finger with prominent hiatus. Dactyl

slightly longer than palm, arched; upper

margin with 2 rows of low, spinulose tu-

bercles or small spines, accompanied by nu-

merous long, fine, simple setae and sepa-

rated by moderately broad, shallow sulcus;

outer surface often with 2 rows of low, spi-

nulose tubercles or small spines, also ac-

companied by long setae; cutting edge with

row of small calcareous teeth, at least prox-

imally, terminating in moderately large cal-

careous claw and slightly overlapped by

fixed finger. Palm with irregular rows of

spinulose tubercles or small spines on upper

surface; outer surface with small, spinulose

tubercles or small spines, often forming ir-

regular rows and partially obscured by long

setae; outer face of fixed finger similarly

armed; lower margin with row of subacute
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spines and long setae; cutting edge with

row of small calcareous teeth, terminating

in moderately large calcareous claw. Carpus

with row of small to moderately large

spines on upper margin and adjacent row of

slightly smaller spines on outer face, both

partially obscured by numerous long setae,

remainder of outer face granular, minutely

tuberculate, or spinulose, lower margin not

delimited; inner and lower surfaces with

scattered long setae. Merus usually with nu-

merous long setae arising from low protu-

berances or tubercles on dorsal margin; lat-

eral face weakly tuberculate or granular,

ventrolateral margin unarmed, with 2 or 3

very small spines distally, or with row of

small spines; ventromesial margin with row

of small spines or spinulose tubercles and

long setae. Ischium with ventromesial mar-

gin unarmed or with row of very small

spines or tubercles, and with few long setae.

Second and third pereopods (Fig. 3A-H)
with dactyls approximately equal to or 0.1-

0.2 longer than propodi, somewhat curved,

but not twisted; terminating in moderately

small corneous claws; dorsal surfaces with

numerous long, simple setae, ventral sur-

faces with each row of tufts of sparse, short

setae; mesial and lateral faces each with

shallow longitudinal sulcus and scattered,

moderately long setae. Propodi each with

dorsal row of small spines not obscured by

tufts of sparse, long setae, spines smallest

on third pereopods or occasionally distin-

guishable only distally, lateral and mesial

faces each with 1 or 2 rows of tufts of

sparse setae, surfaces sometimes with tiny

tubercles or protuberances. Carpi each with

row of small to moderately large spines and

long, simple setae on dorsal margin, spines

of third pereopods usually appreciably

smaller, occasionally only low protuberanc-

es; mesial, lateral and ventral surfaces with

rows of moderately long setae, lateral faces

sometimes also tuberculate. Meri with tufts

of moderately long setae on dorsal surfaces,

ventral surfaces of second pereopods each

with irregular row of small spines or tuber-

cles and tufts of setae, ventral surfaces of

third pereopods often with low protuber-

ances and tufts of setae. Ischia with long

setae dorsally and ventrally. Fourth pereo-

pods semichelate. Anterior lobe of sternite

of third pereopods divided by shallow, lon-

gitudinal median groove, each half with 1

small tuberculate spine accompanied by tuft

of setae.

Male unpaired left pleopods uniramous,

marginally very setose. Female with paired

gonopores; unpaired left pleopods 2-4 well

developed, biramous; pleopod 5 as in male.

Telson (Fig. 3I-K) with median cleft; left

terminal margin with row of relatively uni-

form, small spines, 1-3 much larger spines

at or near outer angle and several smaller

spines continued down lateral margin; right

terminal margin with row of relatively uni-

form small spines, usually not continued

down lateral margin.

Color (in life).—Carapace light orange

with pale green and brownish spots. Shield

with transverse bands of brown. Intercalary

rostral process and ocular acicles green; oc-

ular peduncles brown proximally, bright or-

ange distally with median dark brown
bands. Antennular and antennal peduncles

and flagella with alternating bands of brown
and cream. Left chela dark brown, remain-

ing segments banded green and brown (af-

ter Tirmizi & Siddiqui 1982).

Habitat.—Rocky shores (Siddiqui &
Kazmi 2003).

Distribution.—Known only from the Ka-

rachi coast of Pakistan.

Etymology.—This species is named in

honor of Dr. N. M. Tirmizi, former director

of the Marine Reference Collection and Re-

source Centre, and noted Pakistani carci-

nologist.

Diogenes guttatus Henderson, 1888

Fig. 4

Diogenes guttatus Henderson, 1888:54, pi.

6, fig. 4, 4a.—Alcock 1905:166.—Gordan

1956:317.—Morgan & Forest 1991:

664.—McLaughlin 2002b:4I L fig. lA, B.

Not Diogenes guttatus—Tirmizi & Siddiqui
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Fig. 3. Diogenes tirmiziae sp. nov. A, E, I, holotype female, si = 2 mm, MRCRC ANOM Cat. No. 276;

B-D, F-H, J, K paratypic males, si = 2.5-3 mm, MRCRC ANOM Cat No. 277. A-D, left second pereopod

(lateral view); E-H, left third pereopod (lateral view); I-K, telson (dorsal view). Scales equal 1 mm.
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Fig. 4. Diogenes guttatiis Henderson, 1888. holotype male si = 3.1 mm, NHM 1888.3.1. A, shield and

cephalic appendages (setae and aesthetascs omitted): B. chela and carpus of left cheliped (dorsolateral view); C,

telson (dorsal view). Scales equal 1 mm.

1981: fig. 17; 1982:57, figs. 30, 31 (=

Diogenes tirmiziae, sp. nov.).

Material examined.—Holotype 6 (si =

3.2 mm). Challenger station 187, 10°36'S,

14r55'E, 11 m, 9 Sep 1874, NHM
1888.33.1.

Diagnosis.—Shield (Fig. 4A) slightly

convex, centrally smooth; lateral margins

each with protuberant spinulose ridge in

proximal half. Rostrum obsolete; lateral

projections produced. Margins of bran-

chiostegites with 5 (right) or 6 (left) acute

spines. Intercalary rostriform process sim-

ple, tapering to acute tip, not reaching to

apices of acicular spines. Ocular peduncles

(including corneas) reaching approximately

to midpoint of ultimate segments of anten-

nal peduncles and proximal margins of ul-

timate antennular peduncular segments; oc-

ular acicles with 2 or 4 spinules on distal

margin, innermost largest. Second segment

of antennal peduncle with row of small

spines on lateral margin ventrally, 1 small

spine at dorsolateral distal angle and small-

er spine at dorsomesial distal angle. Anten-

nal acicle short, broad, generally subquad-

rate, outer spine not reaching beyond mid-

length of penultimate peduncular segment.
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anterior margin with 3 additional prominent

spines. Antennal flagellum shorter than

twice carapace length, articles each with

pair of long ventral setae.

Left cheliped (Fig. 4B) with row of small

spines on upper margin of dactyl and nu-

merous spinules and flattened tubercles on

outer surface. Outer surface of palm cov-

ered with circular, mushroom-shaped, flat-

tened tubercles, upper and lower margins

spinose and almost straight; proximal mar-

gin with 3 moderately stout short spines

near lower angle and 4 subacute spines at

mid-length, slightly curving onto outer

face. Carpus with irregular double row of

small spines on upper margin; outer surface

with covering of spinules, more dense in

lower half. Right cheliped missing.

Ambulatory legs with dactyls slightly

curved, longer than unarmed propodi. Carpi

of second pereopods each with row of small

spines on dorsal margin; third with row of

very small spinules on dorsal margin. [Hen-

derson (1888) incorrectly reported these

spines as being on the meri.]

Telson (Fig. 4C) with slender median

cleft; left lobe with 4 moderately large

spines on terminal margin, 1 more elongate

spine at outer angle and 4 large spines on

posterior 0.5 of lateral margin; right poste-

rior lobe with 3 small and 3 larger spines

on terminal margin, outer 2 actually ex-

tending onto rounded outer angle.

Color.—Not reported.

Habitat.—Coral mud.

Distribution.—Northern Australia; An-

daman Sea; 11-61 m.

Discussion

That Tirmizi & Siddiqui (1981, 1982)

mistook Diogenes tirmiziae, sp. nov., for

Henderson's (1888) D. guttatus is not sur-

prising. At that time, Henderson's taxon had

not been reported since the original descrip-

tion except in the literature citations of Al-

cock (1905) and Gordan (1956). The ar-

mature of the left chela of D. guttatus was

described by Henderson (1888:54) as "per-

fectly circular, drop-like and flattened";

however his (loc. cit., pi. 6, fig. 4) illustra-

tion of the chela was quite small and not

very definitive. The spination of the palm
of the left chela of D. tirmiziae, although

not flattened, also can be described as cir-

cular and drop-like. More importantly, D.

guttatus and D. tirmiziae share a rather dis-

tinctive type of antennal acicle, (i.e., Hen-

derson 1888, pi. 6, fig. 4a; Tirmizi & Sid-

diqui 1982, fig. 30D), and it is undoubtedly

this similarity that led Tirmizi & Siddiqui

(1981, 1982) to believe that they were deal-

ing with D. guttatus. A third species, also

described on a single male, D. dorotheae

Morgan & Forest, 1991, shares with D. gut-

tatus and D. tirmiziae those characteristic,

very truncated antennal acicles. Morgan &
Forest differentiated D. dorotheae from D.

guttatus by the circular, drop-like and flat-

tened armature of the left cheliped of the

latter species, as well as the presumed spi-

nose dorsal margins of the meri of the am-

bulatory legs. As noted in our diagnosis of

D. guttatus, and also pointed out by Mc-
Laughlin (2002b), it is the dorsal margins

of the carpi of the ambulatory legs, not the

meri, that are spinose. All three species

share this character; however, unlike D. gut-

tatus and D. dorotheae, D. tirmiziae, sp.

nov., also has a row of spines on each pro-

podus.

Morphological variability and sexual di-

morphism in species of Diogenes have been

reported frequently (e.g.. Forest & Guinot

1956, Rahayu & Forest 1995, McLaughlin

2002a), and as can be seen in the species'

description, D. tirmiziae, sp. nov., exhibits

considerable variation in the strength and

armature of the left cheliped. As the cheli-

peds of both D. guttatus and D. dorotheae

are known only from their male holotypes,

variation in these species cannot be as-

sessed. However, despite the described dif-

ferences in the structure of the tubercles in

D. guttatus (mushroom-shaped and flat-

tened) and D. dorotheae (short to long,

acute to blunt, and cylindrical), the species

share one character that is not found in D.



VOLUME 116, NUMBER 4 965

tirmiziae, i.e., 3 or 4 prominent acute spines

near the lower proximal angle of the outer

face of the left palm. The longer dactyls of

the ambulatory legs and appreciably denser

pilosity described for D. dorotheae also

would distinguish this species from D. tir-

miziae, as the mushroom-shaped tubercles

of D. guttatus set it apart from all known
species of Diogenes.

Morgan & Forest (1991) also differenti-

ated D. dorotheae from D. guttatus by the

bifid intercalary rostral process of their spe-

cies; however, as was shown by Mc-
Laughlin (2002a) a bifid process is not a

useful diagnostic character. Morgan & For-

est (1991) noted another species that had

been described on a single specimen col-

lected in northwestern Australia, D. gran-

ulatus Miers, 1880. Siddiqui & Kazmi

(2003) reported, on the basis of a remark

by McLaughlin (pers. comm.), that there

could be a remote chance that the species

identified as D. guttatus from Pakistan

might actually be referable to Miers' (1880)

taxon. Diogenes granulatus was briefly de-

scribed by Miers in a footnote to his dis-

cussion of ''Diogenes miles'' (not D. miles

Fabricus, 1787, cf. McLaughlin & Holthuis

2001) but was never illustrated nor has it

been knowingly collected again. Efforts to

locate the holotype in the Natural History

Museum collections presently have been

unsuccessful (P. F. Clark, pers. comm.).

However, Miers' (1880) related D. granu-

latus to D. avarus Heller, 1865, which sug-

gests that the antennal acicles were of the

usual triangular configuration seen in most

species of Diogenes. Additionally, Miers'

(1880) report that the ocular acicles of D.

granulatus were "entire" and the fixed fin-

ger of the left chela was prominently de-

flected support our conclusion that the Pak-

istani species is not conspecific with D.

granulatus any more than it is with D. gut-

tatus.
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Abstract.—A new species of the isopod genus Stenetrium Haswell, 1881, is

described from Navassa Island, Caribbean Sea. The new species, S. kensleyi,

is compared to S. serratum Hansen, 1905, the only congener known from the

western Atlantic following recent revisions of the Stenetriidae (Serov and Wil-

son, 1995, 1999; Bolstad and Kensley, 1999), and to some members of the

recently proposed genus Hansenium, with which it shares several characters.

The new species differs from S. serratum (and from other members of the

genus) in its possession of an unusual male first pereopod, which has a greatly

inflated dactylus, broadly triangular propodus, and a medial sharply triangular

shark-fin-shaped tooth on the propodal cutting border.

In their comprehensive guide to isopods

of the Caribbean Sea and adjacent regions

of the northwestern Atlantic (Gulf of Mex-
ico, Bahamas, and Bermuda), Kensley and

Schotte (1989) reported two genera of the

family Stenetriidae Hansen: Stenetrium

Haswell, 1881, and Stenobermuda Schultz,

1979. The authors presented diagnoses, il-

lustrations, and keys to these two genera

and to the six species of Stenetrium (S.

bowmani Kensley, 1984; S. minocule Men-
zies and Glynn, 1968; S. patulipalma Ken-

sley, 1984; S. serratum Hansen, 1905; S.

spathulicarpus Kensley, 1984; and S. steb-

bingi Richardson, 1902 [= S. antillense

Hansen, 1905]) known at that time from the

northwestern Atlantic. Since then, a seventh

northwestern Atlantic species of Stene-

trium, S. caicosensis Kensley and Heard,

1991, was described from the Turks and

Caicos Islands. Additionally, Kensley

(1994) designated a second northwestern

Atlantic species of Stenobermuda, S. ilijfei,

a cave dwelling form that, like the type spe-

cies Stenobermuda acutirostrata Schultz,

1979, came from Bermuda.

Serov and Wilson (1995) reviewed the

taxonomic status of the more than 60 nom-
inal species comprising the family Stenetri-

idae Hansen, 1905. As part of their study,

they redescribed the type species, Stene-

trium armatum Haswell, 1881, described

the new species S. adrianae, and created

four new genera to accommodate 23 spe-

cies previously assigned to Stenetrium. Of
the seven northwestern Atlantic species for-

merly assigned to Stenetrium, only S. ser-

ratum was recognized as a true member of

that genus by Serov and Wilson (1995). The
remaining stenetriid species from the north-

western Atlantic have been transferred to

new genera (see Table 1) (and see Bolstad

and Kensley, 1999, for a rediagnosis of Ser-

ov and Wilson's 1995 genus Hansenium).

Thus, as currently understood (i.e., follow-

ing Kensley and Schotte 1989; Kensley

1994; Serov and Wilson 1995, 1999; Bol-

stad and Kensley 1999) the family Stene-

triidae contains 9 genera and approximately

67 species, 1 1 of which (in 6 genera) are

currently known from the western Atlantic

(Table 1).
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Table 1 .—Northwestern Atlantic species of the isopod family Stenetriidae and their current status following

Serov and Wilson (1995, 1999) and Kensley and Bolstad (1999), listed in alphabetical order.

Former name New name Reference

Lexcenium poorei

Stenetrium antillense*

Stenetrium bowmani

Stenetrium caicoensis

Stenetrium kensleyi

Stenetrium. minocule

Stenetrium, patulipalma

Stenetrium serratum

Stenetrium spathulicarpus

Stenetrium stebbingi

Stenobermuda acutirostrata

Stenobermuda ilijfei

Unchanged since description

Transferred to Hansenium

Transferred to Hansenium

Transferred to Hansenium

Newly described, this study

Transferred to Liocoryphe

Transferred to Mizothenar

Unchanged since description

Transferred to Hansenium

Transferred to Hansenium

Unchanged since description

Unchanged since description

Serov and Wilson, 1999

Serov and Wilson, 1995

Serov and Wilson, 1995

Serov and Wilson, 1995

Serov and Wilson, 1995

Serov and Wilson, 1995

Haswell, 1881

Serov and Wilson, 1995

Serov and Wilson, 1995

Schultz, 1979

Kensley, 1994

* Considered a junior synonym of Stenetrium stebbingi by Kensley (1982) but listed as a valid member of

Hansenium by Serov and Wilson (1995).

As part of an ongoing biotic survey of

the cryptic marine invertebrates of certain

islands in the Caribbean (led by T. L. Zim-

merman and J. W. Martin), we obtained nu-

merous specimens, including adult males,

of an undescribed asellote isopod referable

to the genus Stenetrium Haswell, 1881, but

also sharing some characters with the genus

Hansenium as described by Serov and Wil-

son (1995) and Bolstad and Kensley

(1999). The specimens came from waters

surrounding Navassa Island, a United States

Territory just off the southeastern coast of

Cuba. Of the 1 8 species of Stenetrium rec-

ognized by Serov and Wilson (1995), the

new species appears to have its closest af-

finities to S. serratum, the only other spe-

cies of Stenetrium currently recognized (by

Serov and Wilson 1995, but see also Re-

marks below) from the northwestern Atlan-

tic. The species is also similar in some ways

to Stenetrium caicosensis, a species that

was treated as Hansenium (with spelling

emended to H. caicosense) by Serov and

Wilson (1995).

The description of the new species of

Stenetrium, which is based solely on spec-

imens collected from Navassa Island in the

tropical Northwest Atlantic (northern Ca-

ribbean Sea), is the subject of this report.

Unless otherwise indicated all of the ma-

terial examined during this study was col-

lected by R. Wetzer and G. Hendler. The
specimens were fixed and preserved in 95%
ethanol. Total length equals the distance

from the tip of the rostrum to the posteri-

ormost margin of the pleotelson. RW num-
bers refer to field collection stations of the

third author; LACM numbers are catalog

numbers in the Natural History Museum of

Los Angeles County's collection of Crus-

tacea.

Stenetrium kensleyi, new species

Figs 1-4

Material examined.—Holotype (LACM
CR 2000-017.2): 1 ovigerous female, At-

lantic, Caribbean Sea, Navassa Island, Pin-

nacles, 18°24.463'N, 75°01.094'W, SCU-
BA, — 19 m, Halimeda washes, R/V Coral

Reef II, 21 March 2000, RW00.070. Para-

types: LACM CR 2000-017.1, 2 adult

males (most appendages present), 2 ovig-

erous females (lacking most appendages),

2 specimens (sex not determined), same

collection data as holotype. LACM CR
2000-021.1, 4 females [2 females with

oostegites and 2 females without oostegi-

tes; the latter 2 in poor condition]; 4 sub-

adult males, Atlantic, Caribbean Sea, Na-

vassa Island, NW Lulu Bay, 18°23.856'N,
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75°01.220'W, SCUBA, Halimeda washes,

RA^ Coral Reef II, 19 March 2000, NIP-

2000-13, RW00.049. LACM CR 2000-

021.2, 1 subadult male, Atlantic, Caribbe-

an Sea, Navassa Island NW Lulu Bay,

18°23.856'N, 75°01.220'W, SCUBA, Hal-

imeda washes. RTV Coral Reef II, 19

March 2000. NIP-2000-13, RW00.049
(first left pereopod illustrated in fig. 3B).

LACM CR 2000-020.1, 1 female without

oostegites (most appendages intact), Atlan-

tic, Caribbean Sea, Navassa Island, near

Lulu Bay, 18°23.791'N 75°01.195'W,

SCUBA, ~9 m, rock rubble wash, R/V
Coral Reef II, 18 March 2000, coll. R.

Wetzer and D. O'Foighel, RW00.044.
LACM CR 2000-018.1, 1 adult male (most

appendages missing), Atlantic, Caribbean

Sea, Navassa Island, Tom's Rock,

18°23.655'N 75°01.094'W, SCUBA, rock

and sponge washes, R/V Coral Reef II, 21

March 2000, RW00.074. LACM CR 2000-

019.1, 4 adult males (most with append-

ages missing but with chelipeds intact), At-

lantic, Caribbean Sea, Navassa Island,

18°23.655'N, 75°01.094'W, RW00.074 and

RW00.051 (combined).

Diagnosis.—Stenetrium with short, wide,

distally truncate rostrum. Cephalon with

well developed and acute anterolateral and

antennal spines subequal in length; antero-

lateral spine not quite reaching level of ros-

tral tip; antennal spine slightly longer and

extending anteriorly slightly beyond rostral

tip. Eyes well pigmented, reniform. Pereon-

ites 1-3 with sharply angled anterolateral

margins (less so on pereonite 4). Pleotelson

with lateral margins appearing serrate, with

four movable spiniform setae and postero-

lateral tooth; posterior border gently round-

ed. Male first pereopod with dactyl distally

inflated, terminally rounded, and longer

than propodal width; propodus large, sub-

triangular, bearing 2 triangular teeth on dis-

tal border opposite dactyl, one at anterov-

entral border and one close to midlength of

distal border; carpus not enlarged or elon-

gate, unserrated. Uropodal exopod approx-

imately equal in length to peduncle and 3/

4 length of endopod.

Description of male.—Body (Fig. lA,

B). Total length 3.6 mm, approximately 3.5

times width, as measured across widest

(6th) pereonite. Pereonites 1-3 sharply an-

gled forward; pereonite 4 similar but less

sharply angled; pereonites 5—7 directed pos-

teriorly. All pereonites with at least one

long lateral seta extending outward.

Pigmentation (Fig. lA). Pattern some-

what similar to that described for S. serra-

tum Hansen, 1905 (see Kensley and Schot-

te, 1989, fig. 46F). Head with pigmentation

confined mostly to anterior third and be-

tween the eyes. Pereonite 1 with pigment in

two narrow lateral bands running anterior

to posterior, with central region and antero-

lateral corners unpigmented. Pereonite 4

mostly unpigmented. Pleotelson almost en-

tirely pigmented except for horizontal un-

pigmented band at about midlength and for

outer posterior and posterolateral margins.

Other pereonites variously covered with re-

ticulated pigmentation broken up by open

areas, as shown.

Head (Fig. lA, B). Eyes located dorso-

laterally, reniform, well pigmented, com-

posed of some 15-18 ommatidia. Antero-

lateral spines (anterolateral lobes) well de-

veloped, acute, extending forward almost as

far as antennal spines, separated from an-

tennal spines by rounded gap extending

backward toward eye. Antennal spine acute,

extending anteriorly to level of rostrum.

Rostrum broad, distally truncate. Outer (lat-

eral) border of anterolateral lobes each with

2 long setae and scattered shorter setae as

illustrated.

Pleotelson (Fig. lA, B). Base just wider

than length; width measured at level of

third lateral spine equal to length. Lateral

margins with 4 movable spines (each with

1 long and 1 short seta on either side) and

strong posterior tooth just anterior to pos-

terolateral notch; posterolateral notch with

single short seta. Posterior border of pleo-

telson (between notches) smoothly rounded.
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Figure I. Stenetrium kensleyi, n. sp., adult male and female body from and antennae 1 and 2. A, adult female

holotype (LACM CR 2000-017.2), dorsal aspect showing generalized pigmentation pattern; B, adult male (one

of two male paratypes as part of LACM CR 2000-017.1), dorsal view of pleotelson, right half of pereonites and

cephalon showing rostrum (chephalic appendages and uropods excluded) with enlargement showing distolateral

aspect of cephalon with details of eye, anterior spines, and setation; C, antenna 1 of adult male (same specimen

as B); D, antenna 2 of adult male (same specimen as B). Scale bar = 1 mm for A and B; 0.2 mm for C; 0.6

mm for D.
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with scattered short setae flanked by pair of

longer setae at either end of border.

Antenna 1 (Fig. IC). Basal article broad-

est and extending anteriorly well beyond

rostrum (rostrum reaching to about mid-

length of this article). Articles 1-3 with

simple and plumose setae, with number of

setae increasing from article 1 to 3. Flagel-

lum with 10 articles, with distal 3 articles

bearing 5 aesthetascs.

Antenna 2 (Fig. ID). First article lacking

lateral spine. Articles 2 and 3 side by side.

Article 2 narrow. Article 3 wider distally

than proximally and longer than combined

articles 1 and 2, and bearing distal setose

scale close to base of article; scale broadest

at midlength and with 1 subterminal and 5

terminal setae. Article 4 about half length

of article 3 and about 1/6 length of article

5. Articles 5 and 6 elongate, article 6 slight-

ly longer than 5.

Mouthparts (Fig. 2A-E). Mandible (Fig.

2A, B; right mandible illustrated) with well

developed molar and incisor processes; mo-
lar process with short, thick spines and

curved spine-like setae; right incisor pro-

cess with 4 strong distal teeth and approx-

imately 8 stout, recurved, serrate setae.

Mandibular palp (Fig. 2B) large, with 3 ar-

ticles; first unarmed and slightly less than

half length of second; second article longest

and with 2 large, sinuous and minutely ser-

rulate setae bordering field of 10 shorter

stout setae; third article elongate, approxi-

mately two thirds as long as second,

curved, thicker basally than distally, and

bearing field of basal setae, row of short

setae along ventral border, and gradually

lengthening distal setae, as illustrated. Max-
illa 1 (Fig. 2C) lateral lobe with 10 heavy

serrate spines distally and scattered simple

setae as shown, 2 aspects shown; medial

lobe with 3 stout plumose setae and distal

simple setae. Maxilla 2 (Fig. 2D) with lat-

eral and middle lobes slender and subequal

in length; medial lobe shorter and thicker,

with stout, serrate setae on distal border and

plumose and simple setae along medial bor-

der as shown; lateral and middle lobes each

with 5 stout setae distally and row of 6—7

shorter, thinner setae just proximal to tip.

Maxilliped (Fig. 2E) with long, straight-sid-

ed basis, 5-articulate palp, and elongate and

distally tapering epipod with 6 short setae.

Palp article 1 by far the shortest; articles 2

and 3 longer and wider than articles 4 and

5. Maxillipedal endite with 3 coupling

hooks on mesial margin and 5 fan setae on

distal margin.

Pereopod 1 (gnathopod) of terminal 3.6

mm male (Fig. 3A) extremely large, wide,

subchelate. Dactyl distally swollen, widest

at midlength, extending past anterolateral

border of propodus and terminating in un-

equal pair of stout spines; setation as

shown. Propodus broad, widest distally,

subtriangular, with sharp anterolateral tooth

and wide, triangular "sharkfin-shaped"

tooth just proximal to midlength of distal

border. Carpus and merus approximately

equal in length; carpus lacking any exten-

sions or projections and not serrate along

distal border. Other articles and setation as

shown. Subadult male (TL 3.2 mm) (Fig.

3B) with propodus subquadrate, dactyl

acute distally. Propodus of female (Fig. 3C)

lacking spines on anterolateral border.

Pereopods 2-7 (Fig. 4A-F) similar to

each other. Dactylus with 2 stout, corneous

distal "spines" (or heavily modified setae)

giving the appearance of a "biunguiculate"

tip, and 1 strong subterminal "accessory

spine" on posterior margin. Propodus with

large, blunt, distal "spine" nearly half as

long as, and wider than, dactylus. Propodus

and carpus elongate, each with 4 or 5 stout

spines evenly spaced along ventral border;

each with at least 1 plumose seta arising

from distodorsal angle. Merus subtriangu-

lar, with long simple seta arising from dis-

todorsal angle. Ischium with 1 to several

plumose setae. Basis widest at midlength,

with long seta arising from midlength pro-

jection.

Pleopods (Fig. 5A-C). Pleopod 1 (Fig.

5A) reduced, subrectangular, rami similar,

with 2 small spines on medial border and

with few setae on outer distal border. Pie-
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Figure 2. Stenetrium kensleyi, n. sp., mouthparts, adult male. All figures from a dissected male, one of four

in LACM CR 2000-019.1). A, right mandible with enlargement of incisor process; B, mandibular palp; C,

maxilla 1 , outer aspect of lateral and medial lobes of adult male, and another aspect of lateral lobe; D, maxilla

2; E, inner face of maxilliped. Scale bar = 0.2 mm for A, E; 0.1 mm for B-D.

opod 2 (Fig. 5B) protopod subtriangular,

widest at base, length 1.5 midpoint width.

Exopod uniarticulate, blunt, length 1.6

width, positioned nearly apically on proto-

pod, without setae. Endopod inserting 0.6

protopod length on medial margin; length

0.4 protopod length; proximal article

groove length 0.4 article length. Appendix
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Figure 3. Stenetrium kensleyi, n. sp., male and female first pereopods. A, inner (mesial) surface of left

pereopod 1 (gnathopod) of adult male paratype (from LACM CR 2000-017.1), TL 3.6 mm, inner aspect with

enlarged view of dactylar tip; B, left pereopod 1, mesial aspect, of immature male paratype (LACM CR 2000-

021.2), TL 3.2 mm, showing developing male gnathopod (with enlarged view of dactylar tip); C, inner (mesial)

surface of left pereopod 1 (gnathopod) of adult female (paratype LACM CR 2000-020.1), TL 3.4 mm, inner

aspect (with enlarged view of dactyl and distal part of propodus). Scale bar = 0.3 mm for A and C (excluding

enlargements); 0.5 mm for B.
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Figure 4. Stenetrium kensleyi, n. sp., pereopods of male (from LACM CR 2000-017.1). A-F, pereopods 2-

7. Scale bar = 0.3 mm for all figures (excluding enlargements).

masculina length 1.5 endopod length, lack-

ing setae, with 3 small recurved (dorsally-

directed) barbs subapically and with sinu-

ous groove on anterior surface; otherwise

unornamented. Male pleopod 3 exopod

length 1.1 width. Endopod length 2.0

width; length 0.7 exopod length; posteriorly

subacute with 1 simple seta and 3 plumose

setae on apex.

Uropod (Fig. 5D) with basis widest dis-

tally, with 1 long, slender seta on outer mar-

gin and 2 long setae along medial margin,

plus 2 long setae on distal inner corner and

scattered short setae. Inner ramus longer

than outer, with 2 clusters of long, simple

setae on medial border, 7 long terminal se-

tae, and scattered plumose and simple setae

along outer margin. Outer ramus approxi-
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Figure 5. Stenetriwn kensleyi, n. sp.. pleopods and uropod. A. male first pleopod. B. male second pleopod;

C. female second pleopod: D, uropod. A, B, and D from LACM CR 2000-017.1: C from LACM CR 2000-21.1.

Scale bar = 0.3 mm.

mately 3/4 length of inner ramus and with

long simple setae and scattered short setae

as illustrated.

Adult female (Fig. lA) with pigmenta-

tion and body similar to male, except for

sexual dimorphism exhibited by smaller an-

tenna 2. slightly different setation of uro-

pods. and distinct differences in pereopod 1

(compare male in Fig. 3A to female in Fig.

3C) and in pleopods 1 and 2.

Pereopod 1 (Fig. 3C) with dactyl termi-

nating in stout, sclerified spine, and with 8

serrate spines evenly spaced along ventral

border: propodus approximately twice

length of dactyl with 6 stout, serrate spines

projecting from distal border opposite those

of dactyl: ventral angle of propodus sharply

angled at 2/3 length, marking change from

stout serrate spines anteriorly to simple and

plumose setae proximally: carpus heavily

setose: other articles as illustrated.

Pleopod 2 (Fig. 5B) subtriangular. length

1.2 width. Distal tip blunt: 10 fine simple

setae spaced evenly around lateral margins.

Pleopod 3 exopod very broad, biarticulate:

endopod length 0.7 exopod length, with 4

distal plumose setae.

Etymology. We take great pleasure in

naming this species after Dr. Brian Kensley

of the U.S. National Museum of Natural

History for his numerous and significant

contributions to our knowledge of Carib-

bean isopod crustaceans.

Remarks.—Stenetriwn kensleyi appears

most similar to S. serratwn (see Kensley

and Schotte. 1989:103. fig. 46). the only

other species of the genus recognized by

Serov and Wilson (1995) from the north-

western Atlantic. Both species share a sim-

ilar pigmentation pattern, a distally truncate

rostrum, and serrate-appearing lateral mar-

gins of the pleotelson. Additionally, eye

morphology is similar (reniform and well

pigmented) in both S. kensleyi and S. ser-

ratwn, and also in Stenetriwn caicosensis

(now Hanseniwn caicosense: see Bolstad

and Kensley. 1999). All three of these spe-

cies also possess well-developed anterolat-

eral and antennal spines on the head that

are acute and anteriorlv-directed. with a
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narrow and rounded gap separating them

and extending backward almost to the eye.

The species are readily distinguished by the

male pereopod 1. The male pereopod 1 of

S. kensleyi is marked by a dactyl that is dis-

tally inflated and wider at midlength than it

is proximally or distally (somewhat true of

H. caicosense, but different from the dactyl

of S. serratum). The propodal cutting sur-

face of this pereopod in S. kensleyi bears a

single, medially positioned, widely trian-

gular tooth that is notched at the base, in

addition to having an acute and spine-like

anterolateral border; it is also distally wide,

giving the article a broadly triangular shape,

unlike what is seen in mature male pereo-

pods of other species of Stenetrium or spe-

cies of Hansenium.

Concerning species of Stenetrium outside

of the western Atlantic, the new species ap-

pears similar in some characters (the inflat-

ed dactylus of the first pereopod) to Bar-

nard's (1940) brief description of S. bartho-

lomei from the littoral of South Africa.

However, as specimens of S. kensleyi were

collected at a depth of approximately 20

meters in an area of high currents in which

there are no ports (the Pinnacles off Navas-

sa Island), the likelihood of these specimens

belonging to some introduced species is es-

sentially nonexistent.

The new species is in some ways inter-

mediate between the currently accepted def-

initions of Stenetrium and Hansenium. (fol-

lowing Serov and Wilson, 1995, and Bol-

stad and Kensley, 1999). Serov and Wilson

(1995) defined Hansenium as having (in ad-

dition to other characters) the following

features, all of which are found also in S.

kensleyi: a rostrum that is "broad and api-

cally flattened" and is "slightly longer than

antennal spines," an antennular flagellum

with 8-14 articles {S. kensleyi has 10), a

reduced spine on antennal article 1 (this

spine is lacking in S. kensleyi), pereonites

1-4 with angular margins (a character that

is not mentioned in their diagnosis of Ste-

netrium, but which seems to be true of both

genera and is true of S. kensleyi), and a

pleotelson that bears prominent posterolat-

eral spines and that has a smoothly rounded

postanal region (characters that are true for

several other former members of Stene-

trium). These characters, taken alone, could

be used to argue for placement of the new
species within Hansenium. However, some
of the characters that Serov and Wilson

(1995) used to define Hansenium are not

found in our new species (and also do not

hold for some of the other species included

by them in Hansenium, such as their Han-
senium caicosensis and H. bowmani, both

formerly treated as Stenetrium). These char-

acters include a "head with reduced lateral

and antennal spines," an elongated pleotel-

son, and, what is perhaps the most salient

difference, a male first gnathopod with a

carpus having the "lateral margin extended

and serrate." This last character clearly is

not the case in S. kensleyi, where the male

first pereopod carpus is relatively simple

and does not have an extended or serrate

lateral margin. Bolstad and Kensley (1999)

revised the diagnosis of Hansenium and

maintained that the primary character sep-

arating the two genera was the expanded

carpal lobe on the male first pereopod in

Hansenium, leading us to place our new
species firmly in Stenetrium. Yet such char-

acters as the rectangular rostrum mentioned

above are considered by Bolstad and Ken-

sley (1999; table 1) to be characteristic of

Hansenium. The finding of species such as

S. kensleyi with characters that bridge the

definitions of Stenetrium and Hansenium

(other species with characters that do not fit

well within Hansenium as currently defined

are Stenetrium bowmani as described by

Kensley (1984) and Stenetrium caicosensis

described by Kensley and Heard (1991); in

fact S. caicosensis is in some ways closer

to S. kensleyi than is S. serratum) may be

reason to reconsider the generic status of

Hansenium. Clearly, in addition to the ever-

present need for systematic work at the spe-

cies level, additional studies clarifying the

morphological characters that define and

distinguish stenetriid genera are needed.



VOLUME 116, NUMBER 4 977

Acknowledgments

This work was supported by a grant from

the Biotic Surveys and Inventories program

of the U.S. National Science Foundation

(DEB 9972100) to T. L. Zimmerman and J.

W. Martin, by a PEET grant from the Sys-

tematic Biology program of NSF (DEB
9978193) to J. W. Martin and D. K. Jacobs,

and indirectly by a grant from the Falcon-

wood Corporation in support of our work

on Guana Island in the British Virgin Is-

lands. We thank Tom DiBeneditto for the

invitation to join the expedition to Navassa

Island. We especially thank Rafael Lemaitre

and Brian Kensley of the U.S. National Mu-
seum of Natural History, Smithsonian In-

stitution, for their hospitality and assistance

during our (J.M., R.H.) visit in February of

2001. Participation of R.W was made pos-

sible in part because of the financial support

offered by John Heyning, Natural History

Museum of Los Angeles County, to whom
we are extremely grateful. We are also very

grateful to Dawne Hard, Department of

Coastal Sciences, University of Southern

Mississippi, for initial formatting and edit-

ing of the illustrations, and to Todd Haney
for final figure preparation.

Literature Cited

Barnard, K. H. 1940. Contributions to the crustacean

fauna of South Africa. XII. Further additions to

the Tanaidacea, Isopoda, and Amphipoda, to-

gether with keys for the identification of hith-

erto recorded marine and freshwater species.

—

Annals of the South African Museum 32:381-

543.

Bolstad, K. S., and B. Kensley. 1999. Two new species

of Hansenium (Crustacea: Isopoda: Asellota)

from Madang, Papua New Guinea.—Proceed-

ings of the Biological Society of Washington

112(1):164-174.

Hansen, H. J. 1905. On the morphology and classifi-

cation of the Asellota group of crustaceans with

descriptions of the genus Stenetrium Hasw. and

its species.—Proceedings of the Zoological So-

ciety of London 1904 (2 supplement II) :302-

331.

Haswell, W. A. 1881. Some Australian marine Isopo-

da, part 1.—Proceedings of the Linnean Society

of New South Wales 5:470-481.

Kensley, B. 1984. The Atlantic Barrier Reef ecosystem

at Carrie Bow Cay, Belize, III: new marine Is-

opoda.—Smithsonian Contributions to Marine

Sciences 24:1-81.

. 1994. Records of shallow-water marine iso-

pods from Bermuda with descriptions of four

new species.—Journal of Crustacean Biology

14:319-336

, and R. W Heard. 1991. Studies on the Crus-

tacea of the Turks and Caicos Islands, British

West Indies I. Four new marine isopod crusta-

ceans from the vicinity of Pine Cay.—Gulf Re-

search Reports 8:237-246.

, and M. Schotte. 1989. Guide to the marine

isopod crustaceans of the Caribbean. Smithson-

ian Institution Press, Washington, D.C. 308 pp.

Menzies, R. J., and P. W Glynn. 1968. The common
marine isopod Crustacea of Puerto Rico.—Stud-

ies on the Fauna of Curasao and other Carib-

bean Islands 27:1-133.

Richardson, H. 1902. The marine and terrestrial iso-

pods of the Bermudas with descriptions of new

genera and species.—Transactions of the Con-

necticut Academy of Arts and Sciences, New
Haven 11:277-310.

Schultz, G. A. 1979. A new Asellota (Stenetriidae) and

two, one new, Anthuridea (Anthuridae) from

Bermuda (Crustacea, Isopoda).—Proceedings

of the Biological Society of Washington 91:

904-911.

Serov, P A., and G. D. E Wilson. 1995. A review of

the Stenetriidae (Crustacea: Isopoda: Asello-

ta).—Records of the Australian Museum 47:39-

82.

, and . 1999. A revision of the Pseu-

dojaniridae Wilson, with description of a new

genus of Stenetriidae Hansen (Crustacea: Iso-

poda: Asellota).—Invertebrate Taxonomy 13:

67-116.



PROCEEDINGS OF THE BIOLOGICAL SOCIETY OF WASHINGTON
116(4):978-985. 2003.

Eocuma petrescui, a new species of bodotriid cumacean
(Crustacea: Peracarida) from Malaysia

Charmaine K. Patel, Pilar A. Haye, and Irv Kornfield

(CP) Department of Biological Sciences, University of Maine, Orono, Maine 04469, U.S.A;
(PH) Facultad de Ciencias del Mar, Universidad Catolica del Norte, Casilla 117,

Coquimbo, Chile;

(IK) School of Marine Sciences, University of Maine, Orono, Maine 04469, U.S.A.,

e-mail: irvk@maine.edu

Abstract.—The bodotriid cumacean, Eocuma petrescui new species, is de-

scribed from western Malaysia. At least 12 congeners are known from marine

waters proximate to the type locality. The new species appears to have its

closest affinities to Eocuma ferox (Fischer, 1872), and E. taprobanicum (Cai-

man, 1904).

The cumacean fauna of the Indian Ocean,

including the shallower waters surrounding

India, has been studied by a number of

workers, notably Kurian (1954), and Rad-

hadevi and Kurian (1989). Studies of the

water in and around Malaysia, however, are

limited, and only a few species have been

described from the region (Petrescu 1997).

During participation in the Fall 2000 voy-

age of Semester-at-Sea in Malaysian waters,

we (IK) were involved in collection of an

undescribed bodotriid cumacean belonging

to the genus Eocuma, Marcusen, 1894. The
description of this new species is the sub-

ject of this report. Of the 27 described spe-

cies of Eocuma, 12 are reported in areas

geographically proximate to Pulan Aman,
Malaysia. Among these, Eocuma longicor-

ne Caiman, 1907, which has a type locality

in the Red Sea, is the only congener that

has been found in Malaysia (Stebbing

1913). While it bears some similarity to E.

petrescui in the proportions of the uropods,

and in the ventral projection of the basis of

peraeopod 1 , like the other 1 1 congeners of

this region, it differs from the new species

by a combination of characters. Eocuma
ferox (Fischer, 1872), a taxon found in the

Mediterranean and South China Seas, and

E. taprobanicum (Caiman, 1904), found off

the coast of Sri Lanka and India, appear to

have the greatest affinities to the new spe-

cies.

Methods

Samples were collected with an epibenth-

ic sled at a depth of 1-3 m in October 2000;

specimens were preserved in 95% ethanol.

Full body specimens were mounted in a

mixture of glycerin and ethanol, and ap-

pendages were mounted on permanent
preparations using CMCP-9, a low viscos-

ity mountant. Drawings were prepared with

a camera lucida on a Wild compound mi-

croscope.

Family Bodotriidae Scott, 1901

Subfamily Bodotriinae Scott, 1901

Eocuma Marcusen, 1894

Eocuma petrescui, new species

Figs. 1-3

Type material.—Holotype, ovigerous 9,

body length 6.5 mm, USNM 1008647, col-

lected at Pulan Aman, Malaysia, (5°10'N,

100°5'E), depth 1.5 m, 21 Oct 2000. Para-

types, USNM 1008648, (M, 4??) from

same locality as holotype.

Diagnosis.—Carapace with lateral horns

extending outwards, with marked lateral
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Fig. 1. Eociima petresciii, new species. Paratype 9 A, lateral view: B. dorsal view; C. branchial apparatus;

D, antenna 1; E. maxilla 1; F, maxilla 2; G. left mandible, posterior view; H. right mandible, posterior view.

ridges; antennal notch narrow and deep;

peraeopod 1 with ventral projection on ba-

sis; rami of uropods equal in length to

pleonite 6. Male pleopods with developed

internal process on the endopod.

Description.—Adult female, body length

3-6.5 mm; carapace longer than wide, or-

namented (Fig. IB) and textured (Fig. 3E);

1/4 of total body length, with marked lateral

horns, antennal notch narrow and deep, lat-
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eral ridges leading into a posterior trans-

verse ridge; carapace longer than peraeon

and shorter than pleon (Figs. lA, B). Fron-

tal lobe extended anteriorly with eyelobe

not pigmented; pseudorostral lobes extend-

ing well beyond eyelobe and meeting at

midline; eyelobe 1/3 length of carapace

with lenses not visible.

Peraeonite 1 not visible laterally, and

only visible dorsally as it is seen under the

carapace; peraeonites 2 to 5 with lateral

ridges. Pleon longer than carapace and per-

aeon together, 2.5 times length of peraeon

(Fig. IB).

Antenna 1 (Fig. ID) peduncle tri-articu-

lated, proximal article robust, subequal in

length to other two articles combined; sec-

ond article shorter than third; first and sec-

ond articles with setae bearing setules at

their tips; third article with bifurcating setae

distally; main flagellum with 1 article, with

2 aesthetascs at distal end; accessory fla-

gellum uniarticulate, with 1 simple seta at

tip.

Mandibles (Fig. IG, H) with dorsal part

to pars molaris naviculoid in shape; lacinia

mobilis well developed; pars molaris and

pars incisiva separated by a row of 9 setae

armed with setules on distal portion.

Maxilla 1 (Fig. IE) with two endites;

broad endite with 12 simple setae and 1 an-

nulated seta with 3 setules at distal tip

emerging from outer margin; narrow endite

with 4 simple setae; palp twice length of

protopod bearing 2 setae with upwardly ori-

ented setules; longest equal in length to

palp.

Maxilla 2 (Fig. IF) protopod with one

article, longer than two lobes of the endite;

endite longer than protopod; endite and pro-

topod heavily setose at distal margin.

Maxilliped 1 (Fig. 2A) basis short and

stout with two plumose setae merging from

mid-area, with large endite extending be-

yond articulation of merus with carpus; is-

chium hidden under basis; carpus as long

as propodus and dactylus together; armed

with row of simple setae on inner margin

and one plumose seta distally on outer mar-

gin; propodus with perpendicular row of 4

setae and 2 longer setae at distal margin

medially; dactylus with 3 short simple se-

tae; branchial apparatus containing 1 1 bran-

chial elements (Fig. IC).

Maxilliped 2 (Fig. 2B) basis dorsally ro-

bust, almost as long as rest of appendage;

ischium very small, only visible on inner

side of appendage when bent; basis and

merus with long plumose seta on distal

margin; merus slightly produced dorso-dis-

tally, merus shorter than carpus; carpus

with row of five plumose setae on inner

margin and one large plumose seta extend-

ing between articulation of merus and car-

pus; propodus distally expanded with row
of setae on distal half of outer margin; dac-

tylus with 2 terminal setae.

Maxilliped 3 (Fig. 2C) exopod fully de-

veloped, armed with numerous plumose se-

tae; basis arcuate and longer than other ar-

ticles together, produced distally well be-

yond articulation of ischium and merus, in-

ner margin and tip of projection with long

plumose setae; basis, ischium, merus, car-

pus, and propodus with small setae; ischium

subequal in length to merus with row of

plumose setae on inner margin; merus

slightly projected dorso-distally, with plu-

mose seta at tip of projection; carpus dis-

tally widened; propodus laterally widened

with row of 4 setae on inner margin; dac-

tylus subequal in length to propodus with 5

terminal setae.

Peraeopod 1 (Fig. 2D) exopod fully de-

veloped, with long plumose setae; basis of

endopod subequal to other articles together,

longer than peraeopod 2, with convex ex-

pansion on lower portion of inner wall, ven-

tral projection at distal end reaching artic-

ulation of ischium and merus, with 1 small

simple seta at tip of projection, basis and

ischium with small setae; merus longer than

ischium and subequal in length to carpus,

propodus, and dactylus; propodus with 2

setae at distal margin; dactylus with 4 ter-

minal setae and 3 subterminal setae.

Peraeopod 2 (Fig. 2E) uniramous with is-

chium missing; basis shorter than half
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A

B

Fig. 2. Eocwna petrescid, new species. Parat\pe 2 A. maxilliped 1: B. maxilliped 2; C. maxilliped 3; D-

H, pereopod 1-5 (plumose exopod setae of maxilliped 3 and pereopod 1 are omitted).

length of appendage, subequal in length to

dactylus, with 2 long plumose setae emerg-

ing from middle of basis, setae twice length

of basis, basis with small setae; merus, car-

pus, and propodus subequal in length: mer-

us subequal in width to basis, wider than

other articles; dactylus with one long ter-

minal simple seta and 2 shorter simple se-

tae.

Peraeopod 3 (Fig. 2F) uniramous; basis

equal in length to other articles together,

shorter than length of peraeopod 2, with 2
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long plumose setae, and small sensory se-

tae; merus twice length of ischium; carpus

subequal in length to merus with 1 long seta

in the middle and 2 long setae at distal

edge, all setae longer than propodus and

dactylus together; propodus longer than

dactylus, with long seta on distal edge; dac-

tylus with 1 terminal and 2 shorter subter-

minal setae.

Peraeopod 4 (Fig. 2G) uniramous; basis

with 3 long plumose setae, 2 in the proxi-

mal half and 1 on distal part of article, basis

also with small setae; merus 1.5 times

length of ischium; merus subequal in length

to carpus, carpus with 2 annulated setae

emerging from distal area portion; propodus

subequal in length to ischium, with 1 long

annulated seta at proximal portion, and one

shorter annulated seta emerging from distal

area of propodus; dactylus fused with its

terminal, short, annulated seta.

Peraeopod 5 (Fig. 2H) uniramous; basis

with one plumose seta on proximal end and

another plumose seta at distal end; ischium

with seta at distal end; merus with seta at

distal end, merus twice length of ischium

and subequal in length to carpus; carpus

with 2 setae longer than propodus and dac-

tylus on distal end; propodus with one long

seta at distal end; dactylus short with setae

emerging from distal tip.

Pleonite 6 subequal in length to pleonite

5 (Fig. IB), moderately produced between

uropods, subacute, subequal in length to

rami, 2.5 times length of peduncle; uropod

peduncle (Fig. IB) with one plumose seta

on inner margin; rami subequal in length;

exopod bi-articulated, distal article twice

length of proximal article, with 2 plumose

setae on inner edge, and 2 truncated setae

distally; endopod uniarticulate with 6 plu-

mose setae in a row along inner margin;

one thick, long truncated terminal seta.

Adult male paratype (Fig. 3A). Body
length 5.9 mm. Carapace longer than wide,

flattened and shorter when compared to fe-

male, also less bulbous in anterior area than

female; one lateral ridge along middle por-

tion of carapace joined posteriorly to a dor-

so-lateral ridge; no posterior transverse

ridge as in female; antennal notch narrow

and deep with acute anterolateral corner;

peraeonite 1 visible in both lateral and dor-

sal views; abdominal segments thicker and

more robust than in female; peraeon and

pleon combined are twice length of cara-

pace.

Antenna 1 (Fig. 3C) peduncle shorter

than other 2 articles together; third article

of antenna longer than second; accessory

flagellum small with no setae or aesthe-

tascs; proximal article of main flagellum

with three short aesthetascs emerging from

middle area; remainder of main flagellum

broken.

Pleon with five pairs of pleopods; pedun-

cle of pleopod (Fig. 3D) 1.5 as long as en-

dopod with row of 8 setose setae along in-

ner margin; endopod uniarticulate with 20

plumose setae, increasing in size towards

middle, reaching twice length of endopod,

endopod with internal process armed with

2 small simple setae at tip; exopod bi-artic-

ulated, distal article longer than proximal

one, and with 18 plumose setae similar in

arrangement to those on endopod.

Pleonites 5 and 6 (Fig. 3B) subequal in

length; middle portion of pleonite 6 well

produced between uropods, subacute.

Uropods (Fig. 3B) with rami subequal in

length to pleonite 6, rami 2.5 times length

of peduncle; peduncle with 3 setose setae

on inner margin; rami subequal in length to

each other; exopod bi-articulated, distal ar-

ticle twice length of proximal article, with

5 plumose setae on inner edge; exopod with

3 truncated terminal setae; endopod with

thick truncated terminal seta.

Etymology.—This species is named in

honor of lorgu Petrescu, a crustacean tax-

onomist who has made numerous contri-

butions to cumacean systematics, and has

described other species found in Malaysia.

Remarks.—Eocuma petrescui is closely

related morphologically to both E. ferox

(Fischer, 1872), and E. taprobanicum (Cai-

man, 1904). Differences among the three

species are summarized in Table 1. Simi-
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0.1 mm B, C

0.1mm D

0.1mm E

Fig. 3. Eocwna petrescui, new species. Paratype 6 A. latero-ventral view, body length 5.9 mm; B. pleonites

5. 6 and uropods: C. antenna 1: D. pleopod: E. portion of textured carapace surface.

larities among all three species include (1)

lateral horns on the carapace: (2) a hidden

ischium in maxilliped 1; (3) a distal projec-

tion of basis and merus on maxilliped 3; (4)

a distally expanded carpus and propodus on

maxilliped 3; (5) row of setae on ventral

side of maxilliped 3; (6) setae on margin of

basis projection on maxilliped 3; (7) a con-

vex projection on the basis of peraeopod 1

;

(8) an ischium missing on peraeopod 2: (9)
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Table L—Morphological differences among Eocuma petrescui, new species, E. ferox, and E. taprobanicum.

E. petrescui E. ferox E. taprobanicum
Character new species (Fischer, 1872) (Caiman, 1904)

Frontal lobe 1/3 size of carapace 1/3 size of carapace 1/4 size of carapace

Carapace shape when dor- smooth outline, same smooth outline, same rippled outline anteriorly.

sal width from anterior to width from anterior to medial portion expand-

posterior ends posterior ends ed

Carapace ridges lateral ridge leading into no ridges present lateral ridge leading into

posterior transverse posterior transverse

ridge ridge

Antenna 1 main flagellum uniarticulated uniarticulated biarticulated

Antenna 1 main flagellum with 2 aesthetascs with 2 aesthetascs with 3 aesthetascs

Maxilliped 1 carpus and slim robust slim

propodus

Maxilliped 1 endite large large small

Maxilliped 2 ischium small absent small

Maxilliped 3 basis arcuate geniculate geniculate

Maxilliped 3 basis shape acute acute rounded

at tip

Maxilliped 3 sensory setae present on sensory setae present on no sensory setae on basis

Maxilliped 3 relative size

of ischium

Pereopod 1 projection on

basis

Pereopod 1

Pereopod 1 carpus and

propodus length

Pereopod 2 projection on

merus

Pereopod 3 article propor-

tions

Pleonites 5 and 6 length

Pleonite 6 ending

Uropods anal plate

basis basis

small small large

ventral

sensory setae on basis

less than 1.5 times length

of merus

absent

similar

equal

pointed

not visible

distal

sensory setae on basis

less than 1.5 times length

of merus

absent

dissimilar

pleonite 5 longer

rounded

not visible

semi-ventral

no sensory setae on basis

greater than 2.5 length of

merus

absent

similar

pleonite 5 longer

flat

visible

rami of the uropods equal in length to

pleonite 6; and, (10) uropod endopod equal

in length to exopod.

The third species most similar to Eocuma
petrescui is E. spinifera Gamo, 1967,

known from in Japan. It differs from E. pe-

trescui by (1) larger and more protruding

lateral horns; (2) a more bulbous posterior

portion of the carapace when viewed dor-

sally; (3) a dorso-distal projection on the

basis of maxilliped 3 that extends beyond

the merus; (4) several long setae emerging

from the distal end of propodus on peraeo-

pod 1; (5) an extremely small almost rudi-

mentary peraeopod 2; and (6) longer basis

on all peraeopods when compared propor-

tionally with the other articles of the ap-

pendage. E. spinifera has (1) similar mark-

ings on the carapace; (2) similar propor-

tions of articles and segmented setae on the

antenna 1 on the female; (3) three aesthe-

tascs on the proximal article of main fla-

gellum of antenna 1 on the male; (4) a very

similar maxilliped 3 both in proportions,

and in location and form of setae; and, (5)

setae at the tip of projection on maxilliped

3 and projection on peraeopod 1.

The only other Eocuma species that was

found in Malaysia is E. longicorne (Cai-

man, 1905). It differs from E. petrescui in

( 1 ) shape of carapace both laterally and dor-

sally; (2) projection of merus on peraeopod

2; (3) relative proportions of articles on an-

tenna 1; (4) bunch of aesthetascs on main
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flagellum of antenna 1; and, (5) the shape

in which pleonite six ends. It is similar to

E. petrescui by (1) markings on the cara-

pace; (2) lateral ridge and placement of

connected lateral horns; (3) peraeopod 1

proportions, ventral projection and convex

projection on basis; and, (4) proportions of

pleonite 6, peduncle and rami of uropods.

The other geographically proximate con-

geners are: E. affine Caiman, 1904; E. gor-

gasiae Mtihlenhardt-Siegel, 1996; E. kempi

Kurian, 1954; E. latum Caiman, 1907; E.

longicorne (Caiman, 1907); E. sarsii (Koss-

mann, 1880); E. sanguinewn Kurian and

Radhadevi, 1983; E. stellifera Caiman,

1907; E. striatum Kurian and Radhadevi,

1983; E. travancoricum Kurian, 1951.

These taxa differ from Eocuma petrescui

by: (1) proportion of the frontal lobe length

in relation to the carapace; (2) absence of

similar lateral and posterior transverse ridg-

es; (3) shape and proportions of the cara-

pace, peraeon, and abdomen; (4) propor-

tions of the articles on peraeopod 1; and (5)

shape of terminal portion of pleonite six.

The congeners bear some similarities to E.

petrescui by: (1) cuticle of integument hex-

agonally reticulated, (2) semi-ventral pro-

jection on the tip of basis of peraeopod 1;

and (3) a convex projection on the lower

ventral side of peraeopod 1 basis.

Acknowledgments

The new species was collected as part of

a Faculty Directed Practicum during the

Fall, 2000 voyage of Semester-at-Sea. The

student participants in PEN30 are thanked

for their efforts. The interest and assistance

of Les Watling are gratefully acknowl-

edged. The comments of three anonymous

reviewers greatly improved the manuscript;

we thank them for their efforts. IK thanks

Maryhaven for encouragement. This re-

search was supported by DEB97-07853 and

DEBOl-18804 from the U.S. National Sci-

ence Foundation.

Literature Cited

Caiman. W. T. 1904. On the classification of the Crus-

tacean Malacostraca.—Annals of the Magazine

of Natural History 13:144-158.

. 1905. The Cumacea of the Siboga Expedi-

tion.—Siboga Expedition Monograph 36:1-23.

. 1907. On new or rare Crustacea of the order

Cumacea from the collection of the Copenha-

gen Museum, part I. The families Bodotriidae,

Vaunthompsoniidae. and Leuconidae.—Trans-

actions of the Zoological Society of London 18:

1-58.

Gamo, S. 1967. Studies on the Cumacea (Crustacea,

Malacostraca) of Japan. Part I. Publications of

the Seto Marine Biological Laboratory 17:175-

182.

Fischer, P. 1872. Catalogue des Crustaces podophtal-

maires et Cirripides du departement de la Gi-

ronde.—Actes de la Societe Linneenne de Bor-

deaux 28:22-24.

Kossmann, R. 1880. Zoologische Ergebnisse einer aus-

gefiihrten Reise in die Kiistengebiete des Roth-

em Meeres 2:88-90.

Kurian, C. V. 1951. The Cumacea of Travancore.

—

Bulletin of the Central Research Institute, Uni-

versity of Travancore, sen C 2:77-1 18.

. 1954. Notes on Cumacea (Sympoda) in the

Zoological Survey of India.—Records of the In-

dian Museum 52:275-312.

, A. Radhadevi. 1983. A new species of Cu-

macea (Crustacea, Peracarida) from Vizhinjom,

Kerala, India. In P. A. John ed.. Selected papers

on Crustacea.—Trivandrum: 149-153.

Marcusen, J. 1894. Uber ein neues Cumaceen genus

Eocuma, Fam. Cumidae. aus Japan.—SB Ge-

sellschaft Naturforschender Freunde Berlin 7:

170-171.

Miihlenhardt-Siegel, U. 1996. Cumacea (Crustacea)

from the Red Sea and the Maldives (Indian

Ocean) in the collection of the Zoological Mu-
seum. Hamburg, with the description of seven

new species and new genus.—Beaufortia 46

(7):105-134.

Petrescu, I. 1997. Nannastacidae (Crustacea: Cumacea)

from the Malayan shallow waters (South China

Sea).—Beaufortia 47 (4):109-151.

Radhadevi, A., C. V. Kurian. 1989. A collection of

Cumacea from the South West and south east

coasts of India.—Records of the Zoological

Survey of India, Occasional Paper, number 121.

Scott. T 1900-1901. Notes on Scottish cumaceans.

—

Annals of Scottish Natural History: 215-224.

Stebbing, T. R. R. 19L^. Cumacea (Sympoda).—Das

Tierreich. R. Fiedlander and Son. 21 pp.



PROCEEDINGS OF THE BIOLOGICAL SOCIETY OF WASHINGTON
116(4):986-995. 2003.

Metandania tordi, a new stegocephalid

(Crustacea: Peracarida: Amphipoda) species

from the Southern Ocean
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Abstract.—A new stegocephalid (Amphipoda) species, Metandania tordi

n.sp, is described, belonging to the subfamily Andaniexinae Berge & Vader

2001. The new species is the first record of the genus in the southern hemi-

sphere. In addition, a morphological trait, previously not figured nor described

within this family, is presented: a process proximally on the inner anterior

surface of the fourth coxa. This locking-process is interpreted, and named ac-

cordingly, to enhance a relative stabilization of the third and fourth coxae. A
brief comparison of the morphology of the fourth coxa between all five ste-

gocephalid subfamilies is presented.

As part of an ongoing project aiming at

a taxonomic revision of the Antarctic am-

phipod fauna (The Antarctic Amphipodol-

ogist Network), we were provided, from

the collections of the Smithsonian Institu-

tion, with an extensive material of stego-

cephalids from the Southern Ocean.

Among that material, was the first record

of Metandania Stephensen, 1925 from the

Southern Hemisphere, a genus previously

only known from the North Atlantic. In ad-

dition to four other genera of the subfamily

Andaniexinae Berge & Vader, 2001 {An-

daniexis Stebbing, 1906, Andaniotes Steb-

bing, 1897, Parandaniexis Schellenberg,

1929 and Stegosoladidus Barnard & Kar-

aman, 1987), this is the fifth genus within

the subfamily to be recorded from the

Southern Ocean.

Methods

This study is based upon material from

the Smithsonian Institution. All dissected

appendages were mounted in polyvinyl-lac-

tophenol, stained with rose-bengal. These

appendages were drawn using a Leica com-

pound microscope equipped with a draw-

ing-tube, while the habitus-drawings were

made using a Leica dissecting microscope.

Mature and immature females were distin-

guished from males by the presence of oos-

tegites. The classification of setae and se-

tae-groups follows that of Berge (2001a).

All scales attached to the figures are 0.1

mm unless otherwise stated.

Specimens prepared for SEM, were first

sonicated for 7 seconds in order to remove

mucus and debris from their surface. Then

they were dehydrated through a series of

acetone, 10 minutes in each, ranging from

70% up to 100% acetone. Specimens were

then dried in a critical point dryer, before

mounted on a stub and coated with gold.

Pereopod 4 of the holotype was damaged

during dissection and is thus not figured

(but see description of the new species be-

low). Uropods 1 and 2 are illustrated on the

habitus drawing (Fig. 4) only.

Symbols: A 1-2: Antenna 1-2; IP: Inner

plate; L: Labium; LBR: Labrum; LMND:
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Left mandible; MXl: Maxilla 1; MX2: Max-
illa 2; MXP: Maxilliped; Pl-7: Pereopods

1-7; PLP: palp; ST: Setal teeth on the first

maxilla; T: Telson; Ul-3: Uropods 1-3.

Results and Taxonomy

Locking-process on the fourth coxa:

Found exclusively within the Andaniexi-

nae, some of its genera possess a projection

proximally on the inside of the fourth coxa

(Fig. 1). This projection is found in the four

genera Andaniotes Stebbing, 1897, Glor-

andaniotes Ledoyer, 1986 (but see also Ber-

ge & Vader 2003), Metandania Stephensen,

1925 and Stegosoladidus Barnard & Kara-

man, 1987, and is absent in the remaining

three genera of the subfamily (see Table 1).

Although its function has not been ob-

served, it is interpreted to function as a

locking-process between the third and the

fourth coxa plates. In all stegocephalid gen-

era, the coxae-shield, as formed by coxae 3

& 4, is hard and contiguous, whereas the

first two coxae are, in many genera, more

flexible and not contiguous. In e.g., Andan-

iexis Stebbing, 1906, coxae 1-4 do not

form a continuous shield, and the first coxal

plate is in addition very short. In e.g., An-

daniotes, on the other hand, coxa 1 is long

and deep with coxae 1-4 forming a hard

and continuous shield. However, in both

these genera, as in all other stegocephalid

taxa, there is a conspicuous overlap be-

tween the third and the fourth coxae. This

overlap is enhanced by the concave anterior

margin of coxa four (covering almost the

entire length of the coxa, see Fig. IB), in

which the posterior margin of coxa 3 fits in.

As can be seen in Fig. 2, this concave an-

terior margin of coxa 4 is present in An-

daniexis lupus Berge & Vader, 1997, but

not, in contrast to Andaniotes linearis (Fig.

1), the specially derived "locking-process".

Thus, it appears that the "locking-process"

is an additional process on the already

three-dimensional inner side of the coxal

plate, enhancing a more stable and rigid

coxal-shield. Figure 3 gives an overview of

the corresponding traits in three of the other

subfamilies (presence of the anterior con-

cave margin, but absence of a "locking-

process"). The condition within the last

subfamily, the Parandaniinae Berge & Vad-

er, 2001, is very much similar to that of

Andaniexis lupus (Fig. 2).

Subfamily Andaniexinae Berge & Vader,

2001

Genus Metandania Stephensen, 1925

Metandania tordi, new species

Figs. 4-6

Holotype: Female, 8 mm. 55°00-03'S,

58°51-57'W, 4th of December 1962 on the

Eltanin, cruise 6 station 350 (depth un-

known). Collected with a Menzies Trawl.

Paratype: Male, 6 mm. 57°59 -58°00'S,

70°53 -71°00'W, 3rd of December 1962 on

the Eltanin, cruise 5 station 311, depth

3911-4099 m. Collected with a Menzies

Trawl.

Etymology: This species is named after

the first author's son Tord Raddum Berge.

Diagnosis: Metandania tordi is separated

from its congeners by the combination of

1) antennae 2 peduncle article 4 about as

long as article 5, and 2) biarticulate outer

ramus on the third uropod.

Description:

Head: Head retractable under pereonite

1. Rostrum rudimentary.

Antennae: Antenna 1 accessory flagel-

lum shorter than flagellum article 1, uni-

articulate. Antenna 2 peduncle article 3

short (Fig. 5 A2: only articles 3-5 of the

peduncle figured), about as long as broad.

Peduncle article 4 as long as article 5.

Epistome: Epistome laterally smooth.

Epistomal plate (medial keel) produced and

conspicuous.

Mouthparts: Mouthparts not elongate.

Mandibles with incisors transverse, part-

ly toothed. Left lacinia mobilis present,

strongly toothed and distally not produced.

Maxilla 1 palp articulation absent, distal-

ly with short robust setae. Outer plate dis-

tally rounded, ST in a 6/3 arrangement with
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Fig. I. Andaniotes linearis Barnard, 1932. Pereopod 4 with coxa, gill and oostegite: arrow indicating the

locking-process on the inner anterior margin of the coxa. A: locking-process; B: anterior concave margin.
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Table 1 .—Overview of the moqDhology of coxa four among stegocephalid subfamilies, with special emphasis

on the genera within the subfamily Andaniexinae. Classification follows that of Berge & Vader 2001.

Coxae 1^ Coxa 4 anterior margin Locking-process

ANDANIEXINAE
Andaniexis not continuous convex absent

Andaniotes continuous convex present

Glorandaniotes continuous convex present

Metandania continuous convex present

Mediterexis not continuous convex absent

Paradaniexis not continuous convex absent

Stegosoladidus continuous convex present

ANDANIOPSINAE not continuous convex absent

BATYSTEGOCEPHALINAE continuous weakly convex absent

PARANDANIINAE continuous weakly convex absent

STEGOCEPHALINAE continuous convex absent

two parallel rows: First row with ST 1-5

present, ST 6 absent and ST7 present. Sec-

ond row with ST A-C present. Inner plate

with shoulder weakly developed, setae pap-

pose.

Maxilla 2 outer plate not gaping and ge-

niculate, setae distally straight. Inner plate

with setae-rows A and B separated. Row B
with the 3 first setae differentiated from the

other setae. Row C present, row D absent.

Maxilliped palp 4-articulate, article 2 dis-

tally unproduced. Articles 1-3 with long

plumose setae. Inner plate with inner corner

weakly produced distally, 3 nodular setae

present. Outer plate with inner and outer

setae-row present, both with short simple

setae. Distal setae-group absent.

Labrum about as long as broad, left lobe

reduced.

Labium distally broad, distal finger ab-

sent.

Pereopods and coxae: Coxal plates and

basis of the pereopods covered with short

simple setae. Coxae 1-3 contiguous.

Pereopod 1 coxal plate about as deep as

basis, basis anterior margin weakly expand-

ed. Pereopod 1 propodus subovate, poste-

riorly without submarginal row of setae.

Pereopod 2 ischium not elongate, distal

posterior margin with plumose setae. Pro-

podus subrectangular.

Pereopod 3 basis anterior margin distally

with short simple setae. Merus longer than

carpus, anterior margin with short robust

setae. Carpus subequal in length to propo-

dus. Carpus and propodus anterior margins

with short robust setae.

Pereopod 4 coxa locking-structure pre-

sent. Basis without long setae, distally with

plumose setae on anterior and posterior

margins. Ischium with long plumose setae

on distal posterior margin.

Pereopod 5 basis unexpanded, distal an-

terior and posterior margins with short sim-

ple setae. Merus longer than carpus, ante-

rior margin with short robust setae. Carpus

shorter than propodus. Carpus and propo-

dus anterior margins with short robust se-

tae.

Pereopod 6 basis posteriorly expanded,

medially with a row of long plumose setae.

Posterior margin of basis smooth.

Pereopod 7 conspicuously different from

pereopod 6. Basis posteriorly serrate, me-

dially with a row of short simple setae.

Oostegites and gills: Gills present on pe-

reopods 2-7. Oostegites on pereopods 2-5.

Pleonites: Pleonites 1-3 dorsally smooth.

Epimeral plate 3 weakly produced and

rounded posteriorly, seiTations absent.

Urosome: Articulation between urosom-

ites 2 and 3 present. Uropod 1 rami with

robust setae on outer and inner margin.

Uropod 2 inner ramus with robust setae on

outer and inner margin, outer ramus with

robust setae on outer margin. Uropod 3 pe-
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Fig. 2. Andaniexis lupus Berge & Vader, 1997. Pereopod 4 with coxa, gill and oostegite.
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Fig. 3. A: Tetradeiou crassuni (Chilton. 1883), subfamily Stegocephalinae. Inner anterior margin of coxa 4:

B: Andaniopsis nordlandica (Boeck. 1871). subfamily Andaniopsinae. Inner anterior margin of coxa 4: C:

BatJiystegocepJtalus globosus (Walker. 1909). subfamily Bathystegocephalinae. Inner anterior margin of coxa 4.

duncle longer than telson, outer ramus 2-

articulate. Outer ramus with robust setae on

outer margin, inner ramus with robust setae

on outer and inner margins.

Telson cleft and rounded distally. sub-

marginal setae on apex of each lobe pre-

sent.

Males: No sexual dimorphism observed.

Remarks: This is the third species that is

assigned to the genus Metaudauia since it

was re-established as a valid taxon by Ber-

ge (2001b:825). Despite the taxonomical

problems that still are associated (Berge

200 lb: 829) with its type species. M. islaii-

dica, (first of all there are reasons to doubt

that the two recognized specimens in fact

belong to the same species), the genus ap-

pears as a morphologically closely related

group. Especially the moiphology of the

left mandible is a feature that links the three
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Fig. 4. Metandania tordi n.sp. Holotype.
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Fig. 5. Metandania tordi n.sp. Holotype.
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Fig. 6. Metandania tordi n.sp. Holotype.

recognized taxa together: the incisor is

transverse and smooth, but toothed distally

on the inner corner. Also the lacinia mobihs

is toothed and much stronger than the typ-

ical character state otherwise found in the

subfamily Andaniexinae. The present spe-

cies is thus a typical member of its genus,

possessing all the characteristics of the

mandible as described above. Furthermore,

it has a long and cleft telson, uni-articulate

palp of the first maxilla and laterally

smooth (vs. produced) epistome, all char-

acter states that are diagnostic for the genus.
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Abstract.—A new species of ameirid harpacticoid copepod, Stygonitocrella

sequoyahi, was collected in streambeds in Arkansas and Oklahoma, U.S.A.,

and is described herein. The new taxon shares with its congeners the 1 -seg-

mented endopodite of leg 4, but differs in having much longer caudal rami, as

well as in the major armament of the swimming legs. Other species of Sty-

gonitocrella are known from freshwater hypogean habitats in Europe, Central

Asia, Argentina, and Cuba. This is the first record of a member of the genus

from North America. No type species has ever been designated for the genus

Stygonitocrella. In order to make the genus name available, we designate Sty-

gonitocrella montana (Noodt) as the type species, and provide a diagnosis for

the genus.

Collections from the hyporheic zones of

streams in the Ozark region of Arkansas

and Oklahoma, south-central U.S.A., re-

sulted in the discovery of a previously un-

described species assignable to Stygonito-

crella, a genus proposed by Petkovski

(1976). The ameirid harpacticoid copepods

which have been assigned to this genus

have been reported from freshwater hypo-

gean habitats in Europe, Central Asia, the

Ryukyus, Argentina, and Cuba. The species

described herein constitutes the first record

of the genus from North America. We de-

scribe the species and provide information

on its habitat.

Eleven freshwater subterranean species

of the family Ameiridae are presently in-

cluded in Stygonitocrella. Petkovski (1976)

revised the genus Nitocrella Chappuis,

1924, and proposed the erection of a new
genus Stygonitocrella for species with

much-reduced segmentation of the endop-

odites of swimming legs 2-4, i.e., with

combinations of 2,2,1; 2,1,1; or 1,1,1 seg-

ments in the endopodites of legs 2-4 re-

spectively. As Petkovski (1976) noted, all

the species then known have short conical

caudal rami, about 1-2 times longer than

wide. The few species described since also

share this feature. The species are, as orig-

inally assigned by their authors: Nitocrella

dubia Chappuis, 1937, from Spain; Nito-

crella karamani Petkovski, 1959, from Yu-

goslavia (now Macedonia, near Skopje);

Nitocrella montana Noodt, 1965, from Ar-

gentina; Nitocrella Ijovuschkini Borutsky,

1967, from Transcaucasia; Nitocrella col-

chica Borutsky & Mikhailova-Neikova,

1970, from West Georgia; Nitocrella tian-

schanica Borutsky, 1972, from Kirghizstan;

Nitocrella orghidani Petkovski, 1973, from

Cuba; Nitocrella pseudotianschanica Ster-

ba, 1973, from Afghanistan; Nitocrella djir-

galanica Borutsky, 1978, from Kirghizstan;

Stygonitocrella guadalfensis Rouch, 1985,

from Spain; and Stygonitocrella petkovskii
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Pesce, 1985, from Lesbos, Greece. Another

species, Nitocrella insularis Miura, 1962,

from the Ryukyu Islands was included in

Stygonitocrella by Petkovski (1976), but

was transferred from Stygonitocrella to a

new genus Neonitocrella by Lee & Huys

(2002).

Petkovski (1976) did not designate a type

species for the genus Stygonitocrella, nor

has any subsequent investigator done so.

Since definite type fixation by original des-

ignation or indication is a mandatory re-

quirement for the availability of generic

names published after 1930 (ICZN 1999

Art. 13.3), it follows that the name Stygo-

nitocrella is unavailable. In order to main-

tain nomenclatural stability, we propose to

re-establish Stygonitocrella as a new name,

taking the date and authorship of the pres-

ent paper. A similar action was taken by

Galassi et al. (1999) in the case of Nito-

crellopsis, another genus defined by Pet-

kovski (1976), which now takes the au-

thorship Galassi, De Laurentiis & Dole-

Ohvier, 1999.

Unfortunately, of the species originally

included by Petkovski in the genus, the type

material of several {S. dubia, S. karamani,

S. orghidani) no longer exists. To satisfy

the criteria both of available and accessible

material and an accurate published descrip-

tion, we propose S. montana as the type

species, and provide a diagnosis for the ge-

nus. Since species-group names must be

published in combination with a generic

name, but the latter need not be valid or

even available (ICZN 1999 Art. 11.9.3.1),

the unavailability of Petkovski's (1976) ge-

neric name has no implications for the spe-

cies of Stygonitocrella described since

1 976, other than that they will be treated as

new combinations.

Methods

Samples were collected from wells driv-

en into the stream substrates. Hyporheic

samples, pumped from the wells with a

hand pump, were concentrated with a 63

^tm mesh net and preserved in 5% formalin.

Detailed information on the sampling meth-

od and habitat parameters in Sager Creek

and Baron Fork was provided by Hunt &
Stanley (2000). Station data and informa-

tion on the hydrology and water chemistry

of all the streams were presented by Hunt

(1999). Sorting, facilitated by the addition

of rose bengal stain, was done using an

Olympus dissecting microscope. For mor-

phological examination, specimens were

transferred to glycerin and then to lactic

acid. All the specimens were extremely

fragile, and the appendages broke easily

during dissection. To compensate for this

fragility, the habitus and larger appendages

were drawn from whole specimens in lactic

acid under supported cover glasses. Mouth-

parts were drawn and details of all append-

ages were verified and in some cases re-

drawn after the specimens were dissected

and permanently mounted in CMC- 10®

(Masters Chemical Co., Wood Dale, Illi-

nois, U.S.A.) with a little chlorazol black E
stain added. Drawings were made using a

Wild M30® compound microscope fitted

with a drawing tube, at magnifications of

600X or lOOOX. Details were verified using

a Leica DMLB® microscope equipped with

phase-contrast and differential interference

contrast illumination. The specimens were

deposited in the National Museum of Nat-

ural History, Smithsonian Institution

(USNM).

Order Harpacticoida

Family Ameiridae Monard, 1927

Genus Stygonitocrellay new genus

Diagnosis.—Ameiridae. Antennule of fe-

male 8-segmented, segment 1 not elongat-

ed. Antennule of male geniculate. Antenna

with basis and 1 -segmented exopodite beai-

ing 2 or 3 setae. Medial spine on leg 1 bas-

ipodite modified in male. Basipodites of

legs 1-4 all with lateral (outer) spine or

seta. Exopodites of legs 1-4 and endopo-

dite of leg 1 3-segmented. Endopodites of

legs 2-4 with 2,2,1; 2,1,1; or 1,1,1 seg-
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ments respectively, or leg 4 endopodite re-

duced to tiny nub without seta. Baseoen-

dopodite and exopodite of leg 5, if present,

either distinct or fused. Caudal ramus short,

about 1-1.5 times longer than wide, or long

and cylindrical. Lacking eye and pigment.

Type species.—Stygonitocrella montana

(Noodt, 1965), new combination.

Additional species.—Stygonitocrella col-

chica (Borutsky & Mikhailova-Neikova,

1970), new combination; S. dubia (Chap-

puis, 1937), new combination; S. djirgalan-

ica (Borutsky, 1978), new combination; S.

guadalfensis (Rouch, 1985), new combi-

nation; S. karamani (Petkovski, 1959), new
combination; S. Ijovuschkini (Borutsky,

1967), new combination; S. petkovskii (Pes-

ce, 1985), new combination; S. pseudotian-

schanica (Sterba, 1973), new combination;

S. tianschanica (Borutsky, 1972), new com-

bination; and S. sequoyahi, new species.

Species incertae sedis.—Stygonitocrella

orghidani (Petkovski, 1973), new combi-

nation.

Stygonitocrella sequoyahi, new species

Figs. 1-4

Material examined.—Holotype 9, dissect-

ed on shde (USNM 288040); allotype S,

dissected on shde (USNM 288041); para-

types: 1 9 , dissected on slide, and 1 $ and

4 copepodids (USNM 288042), preserved

in 70% ethanol, all from depths of 5-20 and

60-75 cm at 2 stations in streambed of Sag-

er Creek, Benton Co., Arkansas, about

36°12'N, 94°35'W, 29 Jul 1997, collector G.

W. Hunt. Additional paratypes, all ethanol-

preserved: 1 ?, 2 SS, and 4 copepodids

(USNM 288043), from 30-45 cm depth in

streambed of Snake Creek, Cherokee Co.,

Oklahoma, about 36°09'N, 95°08'W, 27 Jun

1996, collectors G. W. Hunt and E. H. Stan-

ley; 8 9$, 5 SS, and 5 copepodids

(USNM 288044), from several depths com-
bined in streambed of Baron Fork, Chero-

kee Co., Oklahoma, about 35°55'N,

95°51'W, 2 Jan 1997, collector G. W. Hunt.

Female.—Length of holotype (measured

from anterior margin of cephalosome to

apex of caudal ramus and excluding caudal

setae) 0.56 mm; range of lengths of para-

types from 0.444-0.548 mm, median length

0.470 mm {n = 11). Habitus (Fig. lA, B,

drawn extended in lactic acid) slender, pro-

some dorsoventrally compressed. Interca-

lary membranes broad, i.e., body quite flex-

ible. Prosome ornamented only with scat-

tered hairs (setules). Cephalic shield (Fig.

lA, C) with irregularly round dorsal inte-

gumental window. Pedigers 2-4 each with

1 round integumental window on each side.

Genital double-somite (Fig. 1A,D), both

original somites completely fused, with no

trace of previous separation. Genital field

(Fig. ID) short, copulatory pore located at

anterior 1/4 of genital double-somite. Leg 6

(Fig. ID) consisting of tiny plate bearing 1

hairlike seta. Genital double-somite and

next urosomite each with lateroventral row
of tiny spinules near posterior border; fol-

lowing urosomite with lateral row of simi-

lar spinules near posterior border. Anal so-

mite (Fig. lA, D, E) with few rows of tiny

spinules near anteroventral border, and larg-

er spinules along posterior border. Anal

operculum (Fig. IE) crescentic, reaching

approximately to posterior end of anal so-

mite, bordered with tiny teeth. Caudal ra-

mus (Fig. lA, D, E) about 5 times longer

than wide, with 6 main setae, tiny accessory

seta next to anterior lateral (outer) seta, and

few small spines at bases of posterior lat-

eral, dorsal, and medialmost (innermost)

terminal setae. Dorsal seta longer than ra-

mus, doubly articulated at base. Medialmost

terminal seta shorter than lateralmost ter-

minal seta, and with slightly enlarged base.

Medialmost terminal seta about as long as

urosome, without breaking plane.

Rostrum (Fig. IC) short, broad, and con-

tinuous with cephalic shield.

Antennule (Figs. lA, 2A) longer than ce-

phalosome, 8-segmented. Segments (indicat-

ed by Roman numerals) with numbers of se-

tae (indicated by Arabic numerals) and

aesthetascs (ae) as follows: I (1), II (6), III

(6), IV (3 + ae), V (1), VI (2), VII (3), VIII
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Fig. 1. Stygonitocrella seqiioyahi, new species, female, holotype (USNM 288040). A, Habitus, left lateral;

B, Middle terminal caudal seta; C, Cephalosome, dorsal; D, Urosome (somite bearing leg 5 omitted), ventral;

E, Anal somite and right caudal ramus, dorsal.
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Fig. 2. Stygonitocrella sequoyahi, new species, female; A, B, holotype (USNM 288040), C-F, dissected

female paratype (USNM 288042). A, Antennule (aesthetascs indicated by arrows); B, Antenna; C, Mandible;

D, Maxillule; E, Maxilla; F, Maxilliped. All figures to same scale.

(7 + ae). Aesthetasc of segment IV long and

wide, aesthetasc of segment VIII slender

(aesthetascs indicated by arrows in Fig. 2A).

Antenna (Fig. 2B) with basis; suture be-

tween basis and endopodite complete on

both sides. Antennal exopodite 1 -segment-

ed, bearing 1 setiform and 2 spiniform el-

ements. Segment 1 of endopodite with few

spinules along inner margin; segment 2

with few spinules, 2 socketed spines, and 5

terminal setae, 4 of these setae geniculate.

Mandible (Fig. 2C) with 2-segmented

palp, proximal segment with 1, distal seg-

ment with 3 setae and 1 tiny spinule.

Maxillule (Fig. 2D), precoxal arthrite

with 3 terminal spines and 2 lateral and 2

surface setae. Coxa and basis each with 3

terminal setae. Exopodite represented by

tiny nodule bearing 1 seta.

Maxilla (Fig. 2E), syncoxa with 2 endites

bearing 3 setae each, 1 seta on distal endite

modified with brushlike tip. Allobasis ex-

tended into strong claw bearing 1 modified

seta; endopod 1 -segmented, bearing 2 setae.
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Fig. 3. Stygonitocrella sequoyahi, new species, female; A-D, holotype (USNM 288040), E, dissected para-

type (USNM 288042). A, Leg 1; B, Leg 2; C, Leg 3; D, Leg 4; E, Leg 4 endopodite; F, Leg 5. All figures to

same scale.

Maxilliped (Fig. 2F) prehensile, basis

and endopodal segment without ornamen-

tation, terminal claw long, slender, and ser-

rate.

Legs 1—4 (Fig. 3A-E), exopodites of all

legs and endopodite of leg 1 3-segmented.

Endopodites of legs 2 and 3, 2-segmented,

endopodite of leg 4, 1 -segmented. Couplers

(intercoxal sclerites) broad, without orna-

mentation. Leg 1 basipodite with small

spine on anterior surface of distomedial (in-

ner) corner. Leg 1 exopodite segment 2 with

lateral (outer) spine. Medial setae of legs 1-

4 exopodite 2, leg 3 endopodite 1, leg 4

exopodite 3, and terminal seta of leg 4 en-

dopodite spiniform. Formula for chaetotaxy

as follows:

Exopodite Endopodite

Leg 1 0.1.022 1.0.030

Leg 2 0.1.022 1.010

Leg 3 0.1.021 1.010

Leg 4 0.1.121 010

Leg 5 (Fig. 3F) with 2 short spiniform

setae on medial expansion of baseoendo-

podite; outer basal seta long and slender.

Exopodite ovoid, with 2 terminal and 2 lat-

eral setae, middle 2 setae shorter and slight-

ly thicker than others. No ornamentation

visible on surface of leg.
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Male.—Length of allotype 0.460 mm,
lengths of paratypes from 0.432-0.552 mm
(median = 0.466 mm, n = 7). Habitus sim-

ilar to female except for normal sexual di-

morphism in genital segments and genicu-

late antennules. Urosomites 3—5 (Fig. 4A)
each with continuous lateroventral row of

tiny spinules near posterior border. Anal so-

mite and anal operculum (Fig. 4B) as in

female. Caudal ramus (Fig. 4A, B) about

5.7 times longer than wide; caudal setae as

in female, except dorsal seta with 3 basal

segments.

Antennule (Fig. 4C, D) geniculate, 9-seg-

mented, segment 5 appearing to be com-

posed of 2 partly fused segments. Broad

aesthetasc present on segment 5 and narrow

aesthetasc on segment 9 (aesthetascs indi-

cated by arrows in Fig. 4C). Number of el-

ements on each segment as follows: I (0),

II (7), III (6), IV (1), V (6 + ae), VI (2),

VII (1 + spinous process), VIII (3), IX (6

+ ae).

Antenna as in female, except exopodite

(Fig. 4E) with 3 slender setae.

Mandible, maxillule, maxilla, and max-

illiped as in female.

Legs 1-4 (Fig. 4F-J) with same segmen-

tation and major armament as in female.

Leg 1 basipodite with modified spine on

mediodistal corner (Fig. 4F, G). Some setae

different from corresponding setae of fe-

male: particularly in legs 2 and 3, terminal

setae of endopodites stouter and more spi-

niform, and medial setae of exopodite seg-

ment 2 and terminal setae of exopodite 3

thinner and more thickly plumed.

Leg 5 (Fig. 4A) with baseoendopodites

partly fused at median line, each bearing 2

spiniform setae. Exopodite ovoid, with 2

medial, 1 terminal, and 1 lateral setae plus

lateral hairlike setule.

Leg 6 (Fig. 4A) consisting of wide plate

bearing 1 seta on free border.

Type locality.—Sager Creek, Benton
County, Arkansas, U.S.A., about 36°12'N,

94°35'W.

Etymology.—The species name honors

the great educator and inventor of the Cher-

okee Indian alphabet, Sequoyah (George

Gist).

Discussion and comparisons.—Accord-

ing to our diagnosis, which is based mainly

on the concept of Petkovski (1976), mem-
bers of the genus Stygonitocrella are sepa-

rable from other ameirids mainly by the re-

duction in numbers of segments of legs 2—

4, and particularly by the 1 -segmented en-

dopodite of leg 4. However, features of

some of the species indicate that the genus

as presently composed may well be poly-

phyletic. For instance, most species for

which both sexes are known do not differ

in setation of legs 1—4 between the sexes,

but S. tianschanica does, according to the

description by Borutsky (1972). Unlike its

congeners, S. orghidani has the leg 5 exo-

podite and baseoendopodite fused, bearing

only the lateral baseoendopodite seta in

both sexes. According to Borutsky (1978),

the leg 5 is lacking in both sexes of S. djir-

galanica. We doubt whether S. tianschani-

ca, S. orghidani, or S. djirgalanica are ap-

propriately included in Stygonitocrella.

The systematic relationships among the

species that are presently assigned to Sty-

gonitocrella cannot be resolved on the basis

of the information available in the pub-

lished descriptions. As Fiers & Iliffe (2000)

noted, many of the present generic group-

ings in the family Ameiridae are merely a

practical division of the diversity seen in

this widely distributed and speciose family.

Lee & Huys (2002) discussed the confused

taxonomic subdivisions within the fresh-

water Ameiridae. They strongly criticized

the practice of inferring relationships in de-

rived lineages based on leg segmentation,

which has led to the establishment of gen-

era such as Stygonitocrella, which they

characterized as "unnatural". Lee & Huys

(2002) also provided a table of known char-

acters of appendages of members of the re-

lated genera Stygonitocrella, Inermipes Lee

& Huys, 2002, Neonitocrella, and Psam-

monitocrella Rouch, 1992. Although they

considered that the members of Stygonito-

crella can be grouped into several discrete
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Fig. 4. Stygonitocrella sequoyahi, new species, male allotype (USNM 288041). A, Urosome, ventral; B,

Anal somite and caudal rami, dorsal; C, Antennule, medial; D, Antennule, lateral; E, Antennal exopodite; F,

Right leg 1; G, Spine on distomedial corner of left leg 1 basipodite (enlarged); H, Leg 2; I, Leg 3; J, Leg 4.
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lineages, each with a typical leg setation

pattern and a restricted geographical distri-

bution, they emphasized that formal rec-

ognition of these lineages is presently im-

possible because of the lack of detail pro-

vided by most descriptions and the fact that

many of them are based on few specimens

or only one sex. As in the case of another

ameirid genus, Nitocrellopsis, which was

discussed by Fiers & Iliffe (2000), type ma-

terial for several species of Stygonitocrella

does not exist, and most of the original de-

scriptions lack critical information on the

morphology of mouthparts, body somites,

or even the exact setation of some legs (re-

viewed by Lee & Huys 2002). For instance,

although Lee & Huys (2002) noted that in

the case of S. orghidani there is no evidence

that it is related to any other species now
included in Stygonitocrella, because of the

summary nature of its description they were

able only to relegate it to a position of in-

certae sedis in the genus.

The characters of presence or absence of

sexual dimorphism in leg setation, and fu-

sion or lack of fusion of the leg 5 baseoen-

dopodite and exopodite would seem to be

important in the systematic s of the ameir-

ids. A general revision of the Ameiridae is

necessary to provide perspective on the sys-

tematic value of such characters (cf., dis-

cussions by Lang 1965 and Galassi 2001).

In certain instances, they may be useful;

Lee & Huys (2002) included the reduced

leg 5 of both sexes of Stygonitocrella in-

sularis in the array of characters used to

support their proposal to separate it into a

new genus Neonitocrella; and also pointed

to the extremely reduced fifth legs of S.

orghidani as one of two unusual characters

indicating that the species is improperly al-

located to Stygonitocrella.

Some of the problems in systematics of

freshwater ameirids have been resolved on

the basis of recently gathered information.

Galassi et al. (1999) provided a diagnosis

and designated a type species for Nitocrel-

lopsis, another genus originally proposed

by Petkovski (1976). In that case, Galassi

et al. (1999) were able to examine type ma-
terial of four species of Nitocrellopsis, and

corrected errors in several of the published

descriptions. Lee & Huys (2002) removed

S. insularis to the new genus Neonitocrella.

Like Lee & Huys (2002), we expect that

the genus Stygonitocrella will be rearranged

into more logical groups when and if a re-

vision based on sufficient material becomes

possible. For now it seems best to maintain

the simple and general concept of Stygoni-

tocrella as proposed by Petkovski (1976),

pending recollection and redescription of

several of the species that are presently as-

signed to this genus.

The only synapomorphy in the genus Sty-

gonitocrella is the 1 -segmented endopodite

of leg 4, which is of course present in S.

sequoyahi. Certain other features of S. se-

quoyahi, in particular the 2-segmented en-

dopodites and the unusual and also proba-

bly plesiomorphic setae on segment 1 of the

endopodites of legs 2 and 3, are less re-

duced than in most congeneric species. The

latter feature is apparently shared only with

the male of S. tianschanica. The long cy-

lindrical caudal rami of S. sequoyahi are

quite different from all the other known
species of Stygonitocrella, which have short

conical caudal rami.

The only harpacticoid species in North

America which somewhat resemble S. se-

quoyahi are the two members of the genus

Psammonitocrella, P. boultoni and P. lon-

gifurcata, which were described by Rouch

(1992) from the hyporheic zone of a stream

in Arizona, U.S.A. Both are vermiform spe-

cies, with the endopodites of the swimming
legs reduced as in Stygonitocrella, and also

resemble S. sequoyahi in having long,

widely set, cylindrical caudal rami. They

differ from most species of Stygonitocrella

except S. orghidani in having the leg 5 ex-

opodite fused to the baseoendopodite; and

from all other known ameirid species in

having the medial spine of the leg 1 basi-

podite not transformed in the male. Marti-

nez Arbizu & Moura (1994) considered that

the presence of an untransformed leg 1
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spine in the males indicates that Psammon-
itocrella does not belong in the family

Ameiridae, and suggested that this genus is

more closely related to the Parastenocari-

didae. Lee & Huys (2002) proposed to re-

allocate Psammonitocrella to the Ameiri-

dae, based on their opinion that the struc-

ture of leg 5, the presence of separate gen-

ital and first abdominal segments in the

adult female, and the absence of a sexually

dimorphic medial basal spine in leg 1 are

paedomorphic features, the last being an au-

tapomorphy in the genus.

Integumental windows are osmoregula-

tory structures that are now known to occur

in several families and genera of copepods

living in freshwater and estuarine environ-

ments (Reid 1994, Hosfeld & Schminke

1997). This is the first report of their pres-

ence in a species of StygonitocreUa. In S.

sequoyahi these windows are extremely dif-

ficult to see unless specimens have been

cleared in lactic acid for several days.

The three streams in which this species

was collected are located in the western part

of the Ozark Mountain region in northeast-

ern Oklahoma and northwestern Arkansas.

The streams are fed by springs and have

bed sediments consisting of chert and lime-

stone gravels (Hunt & Stanley 2000). All

the streams lie within the drainage basin of

the Arkansas River, a tributary of the Mis-

sissippi. All the specimens of S. sequoyahi

appeared in samples pumped from depths

of 5 to 75 cm deep in the streambeds. This

hyporheic habitat is typical for the genus.

Continental ameirids are considered ma-

rine relicts, which remained in their present

locations following the withdrawal of an-

cient seas; for general discussions see Lang

(1948) and Galassi (2001). The location of

S. sequoyahi in the Ozarks, although not

that of the two species of Psammonitocrella

in Arizona, lies within the boundaries of the

great North American inland sea, which re-

ceded in the early Paleocene (Banarescu

1992). Fiers & Iliffe (2000) noted that the

distribution of the genus Nitocrellopsis re-

sembles the Tethyan distribution pattern of

several other crustacean groups which have

three general centers of distribution in

south-central North America, the Caribbe-

an, and the circum-Mediterranean region.

Although the locations of S. sequoyahi and

congeneric species from Cuba, Spain,

Greece, West Georgia, Macedonia, and

Transcaucasia fall within this pattern, those

from Afghanistan, Kirghizstan, and Argen-

tina obviously do not. This incongruency of

the distributions of members of the genus

StygonitocreUa, in addition to the hints of

polyphyly provided by the morphological

characters, suggests that the extreme reduc-

tions in the swimming legs may well have

arisen independently several times.

Acknowledgments

We thank F. Fiers, D. Galassi, R. Huys,

W Lee, G. L. Pesce, and five anonymous
reviewers for their valuable comments on

earlier drafts, and for providing pertinent

literature. Field sampling was carried out as

part of the Ph.D. dissertation research of G.

W Hunt at Oklahoma State University,

Stillwater. Field collections were partly sup-

ported by the Water Research Center,

Oklahoma State University. The Depart-

ment of Systematic Biology, Invertebrate

Zoology Section, National Museum of Nat-

ural History (Smithsonian) provided re-

search facilities to J. W. Reid.

Literature Cited

Banarescu, P. 1992. Zoogeography of Fresh Waters,

vol. 2. Distribution and Dispersal of Freshwater

Animals in North America and Eurasia. AULA-
Verlag, Wiesbaden, pp. 519-1091.

Borutsky, E. V. 1967. Biospeleologica Sovietica 32.

On the genus Nitocrella Chappuis (Copepoda,

Harpacticoida).—Byulleten' Moskovskogo Ob-

shchestva Ispytatelei Prirody. Otdel Biologi-

chesky. New Series 72(3):32—39 (in Russian;

English abstract).

. 1972. Copepoda Haipacticoida from subter-

ranean water of the shore of Lake Issyk-kul and

southern Kisilkum.—Trudy Zoologicheskogo

Instituta. Leningrad 51:98-1 19 (in Russian).

. 1978. Copepoda-Harpacticoida from subter-

ranean waters of Tian-shan.—Sbornik Trudov



1006 PROCEEDINGS OF THE BIOLOGICAL SOCIETY OF WASHINGTON

Zoologicheskogo Muzeya MGU 16:66-91 (in

Russian).

-, & M. Mikhailova-Neikova. 1970. Copepoda

Harpacticoida of caves in West Georgia, Azer-

baijan and Central Asia.—Zoologichesky Zhur-

nal 49:1334-1341 (in Russian; English ab-

stract).

Chappuis, R A. 1924. Descriptions preliminaires de

copepodes nouveaux de Serbie.—Buletinul So-

cietajii de §tiinte din Cluj, Romania 2:27-45.

. 1937. Subterrane Harpacticoiden aus Nord-

Spanien.—Buletinul Societajii de §tiinte din

Cluj, Romania 8:556-571.

Fiers, E, & T M. Iliffe. 2000. Nitocrellopsis texana n.

sp. from central TX (U.S.A.) and A^. ahaggar-

ensis n. sp. from the central Algerian Sahara

(Copepoda, Harpacticoida).—Hydrobiologia

418:81-97.

Galassi, D. M. R 2001. Groundwater copepods: diver-

sity patterns over ecological and evolutionary

scales.—Hydrobiologia 453/454 :227-25 3

.

, R De Laurentiis, & M.-J. Dole-Olivier. 1999.

Nitocrellopsis rouchi sp. n., a new ameirid har-

pacticoid from phreatic waters in France (Co-

pepoda: Harpacticoida: Ameiridae).—Hydro-

biologia 412:177-189.

Hosfeld, B., & H. K. Schminke. 1997. The ultrastruc-

ture of ionocytes from osmoregulatory integu-

mental windows of Parastenocaris vicesima

(Crustacea, Copepoda, Harpacticoida).—Archiv

fur Hydrobiologie 139:389-400.

Hunt, G. W 1999. The ecology of hyporheic inverte-

brates in Oklahoma and Arkansas streams. Un-

published Ph.D. dissertation, Oklahoma State

University, Stillwater, 167 pp.

, & E. H. Stanley. 2000. An evaluation of al-

ternative procedures using the Bou-Rouch

method for sampling hyporheic invertebrates.

—

Canadian Journal of Fisheries and Aquatic Sci-

ences 57:1545-1550.

International Commission on Zoological Nomencla-

ture, 1999. International code of zoological no-

menclature, fourth edition. The International

Trust for Zoological Nomenclature, The Natural

History Museum, London, 306 pp.

Lang, K. 1948. Monographic der Harpacticiden. Vols.

1, 2, Nordiska Bokhandeln, Stockholm, 1662

pp.

. 1965. Copepoda Harpacticoidea from the Cal-

ifornia Pacific coast.—Kunglige Svenska Veten-

skapsakademiens Handlingar, Fjarde Serien,

10(2): 1-560 + pis. 1-6.

Lee, W, & R. Huys. 2002. A new genus of ground-

water Ameiridae (Copepoda, Harpacticoida)

from boreholes in Western Australia and the ar-

tificial status of Stygonitocrella Petkovski,

1976.—Bulletin of the Natural History Muse-

um, London (Zoology) 68:39-50.

Martinez Arbizu, P., & G. Moura. 1994. The phylo-

genetic position of the Cylindropsyllinae Sars

(Copepoda, Harpacticoida) and the systematic

status of the Leptopontiinae Lang.—Zoologis-

che Beitrage, New Series 35:55—77.

Miura, Y. 1962. Subterranean harpacticoid copepods of

the Amami Group of the Ryukyu Islands.—An-

notationes Zoologicae Japonenses 35:95-105.

Monard, A. 1927. Synopsis universalis generum Har-

pacticoidarum.—Zoologische Jahrbucher, Ab-

teilung fiir Systematik 54(1-2): 139-176.

Noodt, W. 1965. Crustacea subterranea aus Argenti-

nien.—Beitrage zur Neotropischen Fauna 4:84-

129.

Pesce, G. L. 1985. Stygobiological researches in sub-

terranean waters of Lesbos (Greece) and de-

scription of Stygonitocrella petkovskii n. sp.

—

Fragmenta Balcanica 12(12/273): 125-139.

Petkovski, T K. 1959. Neue und bemerkenswerte Har-

pacticoide RuderfuBkrebse (Crust. Cop.) aus

den Grundgewassern Jugoslaviens.—Acta Mu-
sei Macedonici Scientiarum Naturalium, Skopje

6(5/57):101-119.

. 1973. Subterrane SiiBwasser-Harpacticoida

von Kuba (Vorlaufige Mitteilung).—Resultats

des Expeditions Biospeologiques Cubano-Rou-

maines a Cuba 1:125-141.

. 1976. Drei neue Nitocrella-Arten von Kuba,

zugleich eine Revision des Genus Nitocrella

Chappuis (s. restr.) (Crustacea, Copepoda,

Ameiridae).—Acta Musei Macedonici Scientia-

rum Naturalium 15(1/126): 1-26.

Reid, J. W 1994. Murunducaris juneae, new genus,

new species (Copepoda: Harpacticoida: Paras-

tenocarididae) from a wet campo in central Bra-

zil.—Journal of Crustacean Biology 14:771-

781.

Rouch, R. 1985. Une nouvelle Stygonitocrella (Copep-

oda, Harpacticoidea) des eaux souterraines

d'Andalousie, Espagne.—Stygologia 1:118-

127.

. 1992. Un nouveau genre d' Ameiridae (Co-

pepoda, Harpacticoida) dans le milieu hypo-

rheique d'un cours d'eau de 1' Arizona.—Sty-

gologia 7:149-157.

Sterba, O. 1973. Die neuen Harpacticidenarten der

Gattung Nitocrella (Crustacea, Copepoda) aus

Afghanistan.—Zoologischer Anzeiger 190:333-

342.



PROCEEDINGS OF THE BIOLOGICAL SOCIETY OF WASHINGTON
11 6(4): 1007-1 020. 2003.
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Okinawa Island, The Ryukyu Archipelago, Japan
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Abstract.—Four new solitary entoprocts are described from Okinawa Island,

the Ryukyu Archipelago, Japan. Based on the foot structures and the budding

modes, three of them are assigned to the genus Loxosomella Mortensen, 1911

(L. stomatophora, new species; L. lecythifera, new species; and L. intragem-

mata, new species) and the other to the genus Loxocorone Iseto, 2002 (L.

dicots'ledonis, new species). They were found on glass slides or a glass bottle

collected from a shallow reef flat, and thus, they are not commensal, unlike

most of the other species hitherto described from other localities.

To date, a total of approximately 170 spe-

cies are recognized in the phylum Ento-

procta, of which about 120 species are sol-

itary and the remainder are colonial. It is

believed that a great number of unknown
species are yet to be described for this phy-

lum (Nielsen 1989, Wasson 2002), and

thus, taxonomic study, describing new spe-

cies, is still a principal subject for its biol-

ogy and is essential to document its diver-

sity. The solitary entoprocts (= the family

Loxosomatidae Hincks, 1880) are currently

classified into five genera based on foot

structures and budding modes (Iseto 2002).

Species of the genus Loxosoma Keferstein,

1863 have a disk-shaped foot, a sucking

disc by which the animals can attach to and

detach from substratum. Species of Loxo-

somella Mortensen, 1911 and Loxocorone

Iseto, 2002 have, at least in the bud stage,

an antero-posteriorly elongated foot with a

foot gland and a foot groove that enables

the animal to glide over the substratum.

However, the two genera are distinguished

by differences in their budding mode. The

buds of the former genus attach to the body

of the parent by the posterior tip of the foot,

in contrast to the buds of the latter genus

that attach to the parent by the back of the

stalk or the calyx. The genus Loxomitra

Nielsen, 1964 resembles the genus Loxo-

corone in the budding mode; the buds at-

tach to the parent by the back of the stalk.

The buds of this genus, however, lack the

foot groove and have a pair of small lateral

expansion termed "terminal wings" (Niel-

sen 1989) at the tip of the stalk. The genus

Loxomespilon Bobin & Prenant, 1953 is a

monotypic genus; the sole component spe-

cies of this genus, L. perezi, lacks a definite

foot and stalk and attaches to the substra-

tum, the body surface of the host poly-

chaetes, by an attaching organ at the basal

end of the calyx.

Solitary entoprocts have been reported

from tropical areas to polar regions, from

shallow to deep (> 500 m) waters. How-
ever, in most regions reports are still scarce,

except in Europe where this animal group

has been surveyed most intensively (Pren-

ant & Bobin 1956, Nielsen 1989). Recently,

three Loxosomella (L. aloxiata, L. lappa, L.

monocera), two Loxomitra (L. mizuga-

maensis, L. tetraorganon), and one Loxo-

corone (L. allax) were described from coral

reef shores of the Okinawa Islands, the

middle part of the Ryukyu Archipelago, Ja-

pan (Iseto 2001, 2002). Since the entoproct

fauna of this area has still not been studied

sufficiently, extended surveys are expected
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Fig. 1 . Map of Okinawa Island and its vicinity, showing geographic location of Mizugama, the type locality

of the species described in this study.

to yield numerous unknown entoprocts.

Four new solitary entoprocts were collected

from Okinawa Island and are described

here.

Sampling of solitary entoprocts was car-

ried out at a shallow reef flat in Mizugama
(26°2rN, 127°45'E), on the west coast of

Okinawa Island, the Ryukyu Archipelago,

Japan (Fig. 1). Glass slides were placed at

a shady point at a depth of about 1 m and

collected after two or four months. On one

occasion, a glass bottle was collected. The
epifauna on these objects was examined un-

der a binocular stereomicroscope. Some of

the entoprocts found from these objects

were transferred to petri dishes and cultured

in order to obtain the liberated buds or adult

individuals that budded from the original

individuals. Culturing, narcotization and

fixation followed those of Iseto (2001).

Drawings were prepared on the basis of

fixed specimens, using a light microscope

equipped with a camera lucida. Type spec-

imens are deposited in the National Science

Museum, Tokyo (NSMT).

Family Loxosomatidae Hincks, 1880

Genus Loxosomella Mortensen, 1911

Loxosomella stomatophoray new species

Figs. 2, 3

Type material.—Holotype: adult

(NSMT-Ka 52) settled on a glass slide sub-

merged on the reef flat for two months at a

depth of about 1 m in Mizugama, Okinawa
Island, Japan, collected on 30 Aug 2001.

Paratypes: 50 adults (NSMT-Ka 53) col-

lected with the holotype. 19 adults (NSMT-
Ka 54) settled on a glass slide submerged

at the type locality for two months, collect-

ed on 25 Apr 2001.

Etymology.—Specific name stomatopho-

ra derived from Greek stoma — mouth +
latinized greek suffix phorus = bearing,

carrying, in allusion to the resemblance of

the roundish body, in abfrontal view, to
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Fig. 2. Drawings of Loxosomella stomatophora, new species. A. B. holotype (NSMT-Ka 52) with large bud

(b) in frontal and abfrontal views, respectively. C, D, paratype (NSMT-Ka 53) in abfrontal and lateral views,

respectively. Thick arrows, characteristic roundish organ consisting of two large granular cells. Thin arrows,

ciliary bundles at both lateral sides of the calyx. Arrowheads, ciliary bundles at outer side of tentacles, fg. foot

gland. Scale bar = 500 \xm..

plant stomata; both are roundish structures

consisting of two cells. Used as an adjec-

tive.

Description.—Total length (from basal

attachment position of foot to upper-most

level of tentacular membrane) 330 to 780

|jLm. Tentacle number 10 in all specimens.

Ciliary bundle present at outer side of each

tentacle (arrowheads in Fig. 2). Two ciliary

bundles present at each lateral side of calyx

at level of upper side of stomach (thin ar-

rows in Fig. 2; Fig. 3D). A peculiar round-

ish organ consisting of two large granular

cells, 30 to 50 [xm in diameter, present at

margin of tentacular crown between two

abfrontal tentacles (thick arrows in Figs. 2,

3; Fig. 3B, C). Granular cells of 15 to 25

|jLm in diameter present at margin of tentac-

ular crown (thin arrows in Fig. 3A; Fig. 3E)

and, in most specimens, at each lateral side

of stomach. Stalk as long as or a little lon-

ger than calyx. Foot with foot gland and

foot groove present both in bud and adult.

Oral-most pair of tentacles bend outward
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Fig. 3. Photographs of Loxosomella stomatophora, new species. A, abfrontal view of calyx of holotype

(NSMT-Ka 52). Thick arrow indicates characteristic roundish organ. Granular cells at margin of calyx indicated

with thin arrows. B, enlargement of roundish organ in A. C, left-side view of he roundish organ (paratype:

NSMT-Ka 53). D, ciliary bundle at lateral side of calyx (paratype: NSMT-Ka 53). E, enlargement of granular

cells at margin of calyx in A. F, upper view of living specimen. Note that frontal two tentacles (thin arrows)

are extended frontally. The roundish organ indicated with thick arrow. Scale bars: A, F = 100 fxm; B-E = 50

|xm.

relative to other tentacles in expanded liv-

ing specimens (Fig. 3F) but are often ar-

ranged as the other tentacles in fixed spec-

imens.

Reproduction.—Buds emerge from the

laterofrontal areas of the calyx at the level

with the upper half of the stomach, attached

by the foot tips. A maximum of four buds

were observed simultaneously on a single

parent. Sexual reproduction has not been

observed.

Discussion.—The most characteristic

feature of Loxosomella stomatophora lies

in its possession of a peculiar roundish or-

gan at the abfrontal margin of the tentac-

ular crown. Loxosomella vivipara Nielsen,

1966 is also reported to have a specialized

organ at the same position as L. stomato-

phora (Nielsen 1966, Emschermann 1993).

The organ in L. vivipara is, however, found

only in some individuals, and its form

varies among individuals. In some individ-

uals, it is a hollow cup-shaped structure

with a plug of secretion and consists of 7

to 16 cells (Nielsen 1966), and in others it

is a more conspicuous bell-shaped struc-

ture consisting of more than 25 cells (Em-

schermann 1993). The roundish organ of

L. stomatophora is, however, composed of

only two cells, showing only little varia-

tion among all the individuals examined in

this study. Loxosomella vivipara is also

distinct from L. stomatophora in having

lateral wings on the calyx and conspicuous

lateral pockets at the stomach (Nielsen

1966). Moreover, the tentacle number,

which is invariably 10 in L. stomatophora,

is 12 to 16 in L. vivipara.

Loxosomella lecythifera, new species

Figs. 4, 5

Type material.—Holotype: adult

(NSMT-Ka 55) found on a glass bottle col-

lected at the reef flat in Mizugama, Okina-

wa Island, Japan on 25 Oct 2000. Para-

types: Two adults (NSMT-Ka 56) collected

with the holotype. 52 adults (NSMT-Ka
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57), 473 adults (NSMT-Ka 58), and 41

adults (NSMT-Ka 59) settled on glass slides

submerged on the type locality for two

months, collected on 28 Mar 2001, 29 Jul

2001, and 29 Sep 2001, respectively. An
adult (NSMT-Ka 60) having larvae in its

calyx, collected with NSMT-Ka 58. A lib-

erated bud (NSMT-Ka 61) budded from the

holotype. A liberated bud (NSMT-Ka 62)

budded from an adult collected with the ho-

lotype. Three liberated buds (NSMT-Ka 63)

budded from adults settled on glass slides

submerged on the type locality for two

months, collected on 30 Jan 2001.

Etymology.—Specific name lecythifera

from Latin lecythus = bottle or flask + suf-

fix -fer, -fera, -ferum to bear or have, in

allusion to the bottle-shaped appendages of

the species. Used as an adjective.

Description.—Adult: Total length (from

basal tip of stalk to uppermost part of ten-

tacular membrane) up to 1650 jjim. Tentacle

number 14 to 22. Stalk one and a half to

two times longer than calyx. Adult without

foot. A pair of lateral sense organs present

at level of upper side of stomach (thick ar-

rows in Figs. 4A-C, 4E, 5A; Fig. 5C). Four

to seven bottle-shaped appendages, 40 to 55

|jLm in length, present at abfrontal side of

calyx at levels above the lateral sense organ

(thick arrows in Figs. 4A-C, 4E, 5A; Fig.

5B, E). Many cylindrical appendages of 20

to 30 |jLm long present at calyx and stalk

(Fig. 5D). Whole body, except tentacular

crown, often covered with detritus. Liber-

ated bud: Total length (from posterior tip of

foot to anterior-most point of tentacular

membrane between two abfrontal tentacles)

560 to 770 fxm. Tentacle number 14 to 16.

Stalk very short. Foot with foot gland and

foot groove present. A pair of lateral sense

organs present (thick arrows in Figs. 4D,

5F). Two to five bottle-shaped appendages

comparable to those in adult specimens pre-

sent (thin arrows in Figs. 4D, 5F).

Reproduction.—Buds emerge from the

laterofrontal areas of the calyx at the level

of the upper side of the stomach, attached

by tips of their feet. A maximum of six

buds were observed simultaneously on a

single parent. An embryo was found in the

calyx of an individual (NSMT-Ka 60, Fig.

5G) collected in July. The size of the em-
bryo is approximately 100 jJim in diameter.

Discussion.—The distinguishing feature

of Loxosomella lecythifera lies in its pos-

session of several bottle-shaped appendag-

es. Some Loxosomella species are reported

to have appendages of more irregular shape,

but bottle-shaped appendages have not pre-

viously been reported from the congeners.

Loxosomella hispida Marcus & Marcus,

1968 resembles L. lecythifera in having ap-

pendages at the calyx and stalk, having a

maximum of six buds, and having more
than 20 tentacles (Marcus & Marcus 1968).

However, the large appendages referred to

as sense organs, at the middle level of the

stomach in L. hispida (Marcus & Marcus

1968; fig. 11) do not resemble any append-

age of L. lecythifera.

Loxosomella intragemmata, new species

Figs. 6, 7

Type material.—Holotype: adult

(NSMT-Ka 64) settled on a glass shde sub-

merged on the reef flat for two months at a

depth of about 1 m in Mizugama, Okinawa
Island, Japan, collected on 29 Dec 2000.

Paratypes: Seven adults (NSMT-Ka 65) col-

lected with the holotype; 81 adults (NSMT-
Ka 66), 389 adults (NSMT-Ka 67), and 25

adults (NSMT-Ka 68) settled on glass slides

submerged on the type locality for two

months, collected on 28 Feb 2001, 29 Jul

2001, and 29 Nov 2001, respectively. Five

adults (NSMT-Ka 69) having larvae in their

calyx, collected with NSMT-Ka 67. Three

liberated buds (NSMT-Ka 70) budded from

adults collected with the holotype.

Etymology.—Specific name intragemata

from Latin intra — within + gemmatus,

with buds, from gemma = bud, in allusion

to the bottle-shaped appendages of the spe-

cies. Used as an adjective.

Description.—Adult: Total length (from

basal tip of stalk to uppermost part of ten-
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Fig. 4. Drawings of Loxosomella lecythifera, new species. A-C, adult holotype (NSMT-Ka 55) with small

bud (b) in frontal, abfrontal, and lateral views, respectively. D, lateral view of liberated bud (paratype, NSMT-
Ka 61) budded from holotype. E, F, large adult specimen (paratype, NSMT-Ka 57) with five buds (b) in abfrontal

and frontal views, respectively. Thick arrows, lateral sense organs. Thin arrows, some of bottle-shaped append-

ages. Scale bars = 500 |xm.
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Fig. 5. Photographs of Loxosomella lecythifera, new species. A-D, adult holotype (NSMT-Ka 55). A, abfron-

tal view of whole body. B, characteristic bottle-shaped appendage. C, lateral sense organ. D, cylindrical ap-

pendage at calyx. E, bottle-shaped appendage of large paratype specimen (NSMT-Ka 57). F, left side view of

liberated bud (paratype, NSNT-Ka 61). G, latero-abfrontal view of calyx of paratype (NSMT-Ka 60) brooding

larva (asterisk) in its calyx. Thick arrows, lateral sense organs. Thin arrows, bottle-shaped appendages. Scale

bars: A, F, G = 100 |xm in; B-E = 50 (xm.

tacular membrane) up to 1260 jjim. Tentacle

number 10 to 15. Stalk two to three times

longer than calyx. Adult without foot. A
pair of lateral sense organs present (arrows

in Fig. 6). Liberated bud: Total length (from

posterior tip of foot to anterior-most point

of tentacular membrane between two
abfrontal tentacles) 420 to 480 jxm. Tenta-

cle number 10. Foot with foot gland and

foot groove present. A pair of lateral sense

organs present (arrows in Figs. 6D, 7C).

Reproduction.—Buds emerge internally

at the laterofrontal areas of the calyx at the

level with the upper half of the stomach.

When the spherical small buds become

elongate, the buds begin to protrude from

the parent's body (Fig. 7B). Buds attached

by the tips of their feet. A maximum of

three buds were observed simultaneously

on a single parent. Embryos (up to four)

were found in the calyx of five individuals

(NSMT-Ka 69, Fig. 7D) collected in July.

The size of the embryos are up to 120 jjim.

Discussion.—The most remarkable fea-

ture of Loxosomella intragemmata is that

the buds are formed internally in contrast

to most other solitary species in which the

buds emerge from the outer surface of the

parent. Similar internal budding was re-

ported for L. bocki Franzen, 1966 found on
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Fig. 6. Drawings of Loxosomella intragemmata, new species. A—C, adult holotype (NSMT-Ka 64) with two

internal buds and bud protruding from its pocket at calyx, in frontal, abfrontal, and lateral views, respectively.

D, left side view of liberated bud (paratype, NSMT-Ka 70). E, F, small adult specimen (paratype, NSMT-Ka 67)

with internal buds in early stage, in frontal and lateral views, respectively. G, large paratype specimen in frontal

view. Arrows, lateral sense organs, b, protruding bud. ib, internal bud. Scale bar = 500 |xm.
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Fig. 7. Photographs of Loxosouiella iiitrageinmata, new species. A. frontal view of calyx of holotype (NSMT-
Ka 64) with two internal buds (ib) and protruding bud (b). B. frontal view of lower half of calyx of paratype

(NSMT-Ka 65) showing bud which has just begun to protrude from parent body (b). Arrows indicate opening

of pocket from which bud protrudes. C, left side view of liberated bud (paratype. NSMT-Ka 70). Arrow indicates

lateral sense organ. D. latero-abfrontal view of calyx of paratype specimen (NSMT-Ka 69) with internal bud

(ib) and three larvae (asterisks). Scale bars =100 ixm.

a sponge collected at the Gilbert Islands.

Loxosomella bocki is, however, distinct

from L. intragemmata in retaining the foot

in the adult stage, having a short (slightly

shorter than the calyx) stalk, and lacking

the lateral sense organ at the calyx (Franzen

1966). The internal buds, in both species,

may occur from deep epitherial pockets, a

pair of depressions at the laterofrontal area

of the calyx (Franzen 1966). Budding from

less deep pockets was reported from some

congeneric species such as L. raja

(Schmidt, 1876), L. pes (Schmidt, 1876), L.

antis Krylova, 1985, and L. cricketae Niel-

sen, 1966. However, these pockets have

outer openings unlike those of the above

two species, which appear completely cov-

ered by the epidermis.

Genus Loxocorone Iseto, 2002

Loxocorone dicotyledonis, new species

Figs. 8, 9

Type material.—Holotype: adult

(NSMT-Ka 71) settled on a glass slide sub-

merged on the reef flat for four months at

a depth of about 1 m in Mizugama, Oki-

nawa Island, Japan, collected on 5 Jul 2000.

Paratypes: 138 adults (NSMT-Ka 72) de-

rived by budding from three adults found

on a slide submerged at the type locality for

two months, collected on 1 1 Apr 1999. An
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adult (NSMT-Ka 73) derived by budding

with NSMT-Ka 72.

Etymology.—Specific name dicotyoedon-

is, Latinized Greek di = two + cotyledon

= seed leaf of a plant + suffix -is, = re-

semblance, in allusion to the laterally elon-

gated tentacular crown resembling the seed-

ling of a dicotyledonous plant. Used as an

adjective.

Description.—Total length (from basal

attachment position of foot to upper-most

level of tentacular membrane) 380 to 900

|jLm. Number of tentacles 18 to 28. Tenta-

cles alternately directed laterally and fron-

tally. Both lateral sides of the tentacular

crown expand laterally making the tentac-

ular crown bilobed rather than circular.

Stalk as long as calyx. Foot with foot gland

and foot groove present both in bud and

adult. Foot gland long (about 300 |Jim),

reaching to the middle level of the stalk.

Lateral sense organs absent. Glandular cells

of about 20 |jLm in diameter scattered in ca-

lyx (arrowheads in Fig. 9C; Fig. 9D, E),

tentacles, stalk (arrows in Fig. 9F; Fig. 9G),

and foot (Fig. 9H). These glandular cells

often have external secretion (arrows in Fig.

9E, G, H).

Reproduction.—Buds emerge from the

frontal areas of the calyx at the level of the

upper side of the stomach, attached to their

parent's calyx by the back of the upper part

of the stalk. A maximum of two buds were

observed simultaneously on a single parent.

Nevertheless, only one bud grew large at a

time. Large buds have the same proportion

as the adults but are smaller and have a

lower tentacle number than the adults.

When the bud has grown large enough to

detach, the parent bends its stalk frontally.

Then, the foot of the bud attaches to the

substratum and the bud detaches from the

parent. Loxocorone dicotyledonis showed

active asexual propagation under laboratory

culture fed with microalgae. The 138 para-

type specimens (NSMT-Ka 72) were de-

rived from only three individuals after 40-

days culture. Sexual reproduction has not

been observed.

Discussion.—The bilobed shape of the

tentacular crown is the distinguishing fea-

ture of Loxocorone dicotyledonis. The de-

viation of the shape of the tentacular crown

from the normal circular shape is also ob-

served in some other loxosomatids (e.g.,

Loxosoma nung Nielsen, 1996). In those

species, however, the deviation is not as

conspicuous as in Loxocorone dicotyledon-

is. The characteristic arrangement of the

tentacles that are alternately directed later-

ally and frontally was also reported in Lox-

ocorone allax Iseto, 2002. However, the

two species are easily distinguishable be-

cause in L. allax the foot degenerates in the

adult stage unlike L. dicotyledonis in which

all individuals retain the foot throughout the

life. The shape of the bud is also consid-

erably different in the two species. Unlike

the bud of the present species that has a

definite stalk and foot-shaped foot, that of

L. allax lacks stalk and has a long, cylin-

drical foot the length of which reaches one

and half times as long as its calyx.

Another noteworthy feature of Loxoco-

rone dicotyledonis lies in its possession of

the glandular cells with external secretion

at abfrontal side of the calyx, tentacle, stalk,

and foot. Among these glandular cells, two

distinct cell types seem to be distinguish-

able. The cells at calyx and tentacles are

spherical, secreting vague mucous material

(arrows in Fig. 9E), whereas the cells at

stalk and foot are more irregular, secreting

more clearly outlined substance (arrows in

Fig. 9G, H).

General Discussion

Most of the solitary entoprocts hitherto

described were found on host animals such

as polychaetes, bryozoans, sipunculans and

sponges (summarized in Nielsen 1964, Sou-

le & Soule 1965). All of the ten species

recorded in the Ryukyu Archipelago, how-

ever, had settled on glass slides or a glass

bottle, and thus, do not depend on host an-

imals (Iseto 2001, 2002, present study).

Some of these species are also found on
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Fig. 8. Drawings of Loxocorone dicotyledonis, new species. A, lateral view of holotype (NSMT-Ka 71) with

a large bud. B, calyx of a paratype (NSMT-Ka 72) with a large and a small bud (shaded). C. D. paratype (NSMT-
Ka 73) with a small bud, in frontal and abfrontal views, respectively, b, bud. fg, foot gland. Scale bar = 500

|jLm.
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Fig. 9. Photographs of Loxocorone dicotyledonis, new species. A, lateral view of holotype (NSMT-Ka 64)

with large bud. B-H, paratype (NSMT-Ka 72). B, frontal view. C, abfrontal view of the calyx. Arrowheads

indicate glandular cells. D, E, enlargement of glandular cells at calyx in surface view and lateral views, respec-

tively. Arrows indicate external secretion. F, frontal view of lower half of animal. Arrows indicate glandular

cells at lateral sides of stalk, fg, foot gland. G, enlargement of glandular cells at stalk. H, posterior tip of foot.

Arrows in G and H indicate external secretion of glandular cells. Scale bars: A-C, F = 100 ixm; D, E, G, H =

50 |xm.

dead coral fragments and shell remains col-

lected from reef flats, and thus, non-living

substrata are undoubtedly their natural hab-

itat. Although commensal species may pos-

sibly be discovered from this area in future

studies, non-living substrata seem to be a

common habitat for the solitary entoprocts

of this area. The studies in the Ryukyu Ar-

chipelago aroused the question of whether

solitary entoprocts are an animal group that

is commensal in general, as noted in many
publications (Hyman 1951, Ruppert &
Barnes 1994, Nielsen 2001). As well as the

ten species from the Ryukyu Archipelago,

Loxosomella olei du Bois-Reymond-Mar-

cus, 1957 and Loxosoma isolata Salvini-

Plawen, 1968 were found only on non-liv-

ing substrata. Furthermore, some species

were found on several animals of different

phyla and also on non-living substrata (cf.

Nielsen 1964), suggesting that a host ani-

mal is not essential for these entoprocts.

Nielsen (1964) insisted that the solitary

entoprocts are "energy commensals" that

depend on the host-made water current to

obtain food particles. The basis of his ar-

gument was that commensal species are

mostly situated at points where water cur-

rents are made by the hosts. However, the

ten species found from the Ryukyus live
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without host animals. Despite this, they do

not seem to have any adapted characteris-

tics to make stronger water currents than

the commensal species. This indicates that

most commensal species can also produce

sufficient water currents by themselves.

Non-commensal species were often found

at small cleavage points of stones, which

may offer protection from larger animals;

the densely aligned glass slides used in my
studies may have provided a similar con-

dition. My observation suggests that the

habitat preference of solitary entoprocts is

to avoid predators. The body surface of the

host animals or inner side of host tubes also

help solitary entoprocts to avoid predators,

although it is still probable that short-ten-

tacled species depend on the host-produced

water current.

To my knowledge, there is no report on

long-term laboratory culture of solitary en-

toprocts. In this study, however, vigorous

budding in several generations was induced

on Loxocorone dicotyledonis cultured in

petri dishes (ca. 50 ml). They were fed sur-

plus amount of microalgae, Nannochlorop-

sis (Marine Chlorella 100. Marine-bio Co.,

Japan), and the seawater was exchanged af-

ter about 30 minutes. The microalgae and

excrements that accumulated under the

dishes were cleaned up several times a

week using a thin wood stick. I did not try

long-term culture for the other three species

described in this study, but the buds that

were already present at the collection time

were grown and released within a week.

Among the six other species that I previ-

ously reported from the same region. Lox-

omitra mizugcimaensis Iseto, 2002. L. te-

traorganon Iseto, 2002 and Loxocorone al-

lax Iseto. 2002 proliferated similarly to

Loxocorone dicotyledonis by the same cul-

ture method. For Loxosomella monocera Is-

eto. 2001, the culture was successful, but

the budding and growth rate was very slow,

suggesting that the culture method was not

adequate for this species. For L. aloxiata

Iseto, 2001, budding could be induced but

the newly liberated buds never successfully

fixed on substrata and failed to reach the

normal adult form. At present, it is not un-

derstood why some species are tolerant to

the culture condition and others are not.

Loxosomella lappa Iseto. 2001 was found

attached to a glass plate that had been kept

in a bucket with seawater and coral rubble

on which the original individual(s) were at-

tached. In this case, diet was not supplied,

but the animals proliferated with contami-

nated detritus. The seawater was not ex-

changed and the bucket was left for about

one month with air supply. This is the sec-

ond culture method I have tried and also an

easy collecting method for inconspicuous

species that are difficult to find directly

from the original, complicated substrata.

In my surveys in the Ryukyu Archipel-

ago, most of the non-commensal entoprocts

were found on glass slides used as settle-

ment panels. Ryland & Austin (1960) found

two solitary species, Loxomitra kefersteinii

(Claparede. 1867) and Loxosomella ante-

donis Moitensen, 1911 on plastic settlement

panels. Settling panels seem to be an effec-

tive way to collect non-commensal solitary

entoprocts. Adaptation of this method may
reveal a rich entoproct fauna without host

animals in areas outside the Ryukyu Archi-

pelago, including areas from which only

commensal species have been reported in

the past studies.
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