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NOTES ON THE EORAMTNTFIIRA FRO:,I BOWDEN,
JAMAICA

By

Dorothy K. Palmer

INTRODUCTION

The heautifull}' preserve'! inolluscan fauiia of the Ilowdei! for-

mation has been the svibject of nuiiierous reports clurini^ th.e pnst

80 years. In 1928 Dr. W. i\ Woodrin;-^ pubhshed a iicrtable

monograpli in wiricli he desciljed 610 forms from the type lo-

cahty. So complete was this contribution that little of importance

lias been added since its publicaticin.

According- to a rej-ort qiiotcd b_.- Vv'vjodring (]^'ubl. 366, p. '/)

much of the matei4al from which the Mollusca were described

was collected; by shovelling it into barrels from a 2- to 3-foot bed

of loosely consolidated ';-ravel in a rnarly matrix. Tliis nietiKKJ

of collectini^ furnislicd an imnsiially lai;;"e number of small mol-

lusks and also about a dozen rpecies of the conspicuous larger

Forarninifera.

Fifteen species oi Fcra:ninifera Irmn Eowden v/ere listed in

the (jcology of Jamaica by R. T. Flill-. This list andi some notes

on the fauna had been prepared by Dr. R. M. Bagg, Jr. In "P'ossil

Foraminifera from the West Indies" published in 1919, Dr. J. A.

Cushman^ gave another list of species from Bcwden. These corn-

prise the only known lists 01 Foraniinifera dennitely stated as

coming from tlie type locality of the Bowden. formation and the

total is only 36 species.

The Foraminifera listed by these authors are ciiiefl}- the larger,

conspicuous species and v.ere doubtless separated incidentall) to

the stud}- of the small mullusks. Siiice tlie average fossiliferous

horizon in the Caribbean Tertiary usually yields about 100 spec-

1 Woodring, VVeiniell P.: Miocene Molluslcs from Bowden, Javuiica,

Carnegie Inst. Warsliinglou, Ft. I. Pelecypods and Scaphopods, Publ. 3.'U5,

1925; Pt. II. Gastropods and Discussion of Eesulfs, Piibl. ."iSS, 1928.
'2 Hill, R. T.: The Geology and Physical Geography of Jamaica, Buil.

Mus. Comp. Zool., vol. 34, 1899, i>p.
146-152.

3 Cusliman, J. A.: Fossil Foraminifera from the West Indies, Carnegie
Inst. Washington, Publ. 291, 1919, pp. 27-29.
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ies of Foraminifera it was suspected that there were more than 36

species in the Bowden deposits and that a search of the finer ma-

terial of the marly matrix would yield a census comparable to oth-

er Caribbean horizons. With this in view the present paper has

been prepared.

MATERIAL EXAMINED
In 1934 Dr. Katherine Van Winkle Palmer made collections

at Bowden for Mollusca and she has generously sent me for ex-

amination two large samples of the marly matrix. In addition, the

Paleontological Research Institution of Ithaca, New York, has

sent two small samples of matrix from other collections of mol-

lusks from Bowden, one by Dr. A. A. Olsson in 1923 (P. R. I.

Sta. No. 5/4) and the other by Dr. C. Rappenecker in 1933 (P.

R. 1. Sta. No. 1 126). In 1940 Dr. H. D. Hedberg made a col-

lection at Bowden and also generously shared the sample.

Careful examination of these four samples has yielded 171

species and varieties.

The samples collected by Olsson and Rappenecker were de-

scribed simply as coming from Bowden. Dr. Hedberg's sample

.s labelled "type locality of the Bowden formation." The two

large samples from the Bowden formation collected by Dr. Palm-

er were described as follows

:

1. Port Morant, Jamaica, at foot of hill where road to old

Capt. Baker house turns off the main road to Bowden P. O. and

the United Fruit Co. wharf.

2. About halfway up the hill, in the side of the road leading to

the old Capt. Baker house. This locality is stratigraphically

higher than locality i.

The material from Palmer Sta. i comprises a rather loosely

consolidated, moderately coarse sandstone in a marly matrix

with very occasional, small, well-rounded pebbles of altered

igneous rock and abundant coral, bryozoan and moUusk frag-

ments. The washed residue of the marly matrix is a fine sand

.composed largely of altered igneous rock grains and a small per-

centage of subangular quartz grains and a little gray and pink-

ish chert.
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The sample from T'alme.- ^'ta. 2 is similai to thiit Irbiii Sta. i

though somewhat more lirmly c(;rLSolidated and containing much

less shell debris. Hedber-'s sample is almost identical t.; t'a:it

of Palmer Sta. 1 but lacks the abundant shell fragments. The

other samples were small in quantity and composed largely of

coarse sandstone of fine gravel. All the samples are grayish tan

in color.

All of the samples yielded abundant Foraminifera. The very

coarse siftings contain numerous Cuneolina, Frondicularia, Lie-

husella, Spharogypsiiia and Amphistegina angiilata. The mod-

erately coarse fraction is dominated by abundant smaller speci-

mens of Amphistegina associated with numerous Robiilus calcar,

Lenticulina bowdenensis, Planularia woodringi, Eponides cory-

elli, E. parantillarwn, Dentulina vertehralis, Elphidium advena,

Cibicides lobatus, C. pseudounge-naivus and pelagic species. The

finest fraction is characterized by abundant pelagic specimens and

the numerous smaller forms listed as common to occasional in

the discussion of the ecology which follows.

The composition, ecology, and age of the Bowden invertebrate

fauna has been very completely treated by Dr. Woodring. Only

a few comments, particularly applicable to the P^oraminifera, can

be added.

Composition.—The Foraminifera from tlie material examined

from the type locality of the Bowden formation comprises 171

species and varieties of 88 genera. It is fitting to repeat here, in

order to emphasize the richness of the Bowden fauna, that in ad-

dition to this foraminiferal fauna it contains 610 species of Mol-

lus,ca of which 406 are gastropods (including 3 pulmonates and 4

pteropods), 20 scaphopods and 184 pelecypods together with 17

corals and 33 bryozoans. The material examined also yielded

about a dozen species of ostracodes. Occasional fragments of

echinoid spines occur in the washings and it is surprising to note

that no echinoids have been reported in this large invertebrate

fauna.

Origin.—The majority of the Bowden Foraminifera are de-

scendants of Caribbean upper Oligocene and lower Miocene spec-
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ies. There appear to be few nevvxomers. Relationships to the

Caribbean lower Oligocene are not conspicuous except in the case

of a few lagenids and rotalids.

Age and correlations.—The Eowden foraminiferal fauna has

a very modern aspect. The majority of the species, approximate-

ly 67%, are cither still living or are close relatives of species

living in the West Indies. In this connection it is worthy of

note that the Bcwden foraminiferal fauna contains a few species,

about 3%, that do not appear in the late Tertiary or Recent

Caribbean fauna but do o,ccur in the late Tertiary or living fauna

of the Pacific. That is, the/ became extinct in the Caribbean

region after Bowden time but their descendants survived in the

Pacific. Woodring made a similar observation with reference

to the Mollusca and listed live species which have analogues

living in the Pacific but are not represented in the Recent Carib-

bean fauna. He observed :*

"The most dramatic event in the history of the West Indian

fauna is the wholesale disappearance of genera at and soon after

the close of the Miocene time. Genus after genus, many of

which are now living on the other side of Central America, then

became extinct there and relatively few genera have taken their

places."

The Choctawhatchee Miocene fauna of Florida^ is very closely

related to that of the Bowden.

Two small assemblages correlated with the Bowden fauna were

described by Cushman and Jarvis® from Bufif Bay and Port An-

tonio, Jamaica. In a recent paper discussing the late Tertiary

geology of Jamaica, Dr. Trechmann^ described sections in the

vicinity of Buff Bay and Port Antonio, including the localities

4 Woodriut^, Wendell P. : Miocene Mollusks from Bowden, Jamaica',
Carnegie Inst? Washington, Publ. 385, 1928, p. 28.

5 Ousiiman, J. A.: The FurmrAnxfera of tlie Choctawliatchee Formation
of Florida, Florida State Geol. Survey, Bull. 4, 1930.

•' Cuslinian, J. A., p,ud Jarvis, P. W. : Miocene Foraminifera from Buff
Bay, Jamaica, Jour. Paleont., vol. 4, No. 4, 1930, pp. 353-68, pis. 32-34;
Three 'new Foraminifera from the Miocene, Bowden marl of Jamaica,
Oontr. CusLman Lab. Foram. Ees., vol. 12, pt. 1, 1936, pp. 305, pi. 1

figs. 11-14.

7 Treehmann, C. T. : The Manchioneal heds of Ja^iaica, Geol. Mag.,
vol. LXVII, 1930, pp. 204-5.
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above mentioned, and stated that the}- are the Manchioneal beds

and thus stratigraphically above the Bowden formation.

A large fauna from the vicinity of Port-au-Prince, Haiti,

described by Coryell and Rivero,^ was assigned to the middle

Miocene and .considered closely related to the Bovv^den fauna.

This assemblage, as a result of the present study of the fauna of

the type locality of the Eowden, is now believed to be slightly

older Miocene.

The resemblance of the Bowden assemblage to that of the

Cuban upper Oligocene Cojimar formation suggests ecological

similarity because of the presence of conspicuous large speci-

mens of Frondicularia, Cuneolina, Liebusella, Nodosaria, Cris-

tdlaria and Amphistegina. These genera, though usually rep-

I'csented by distinct species, are .conspicuous in the Bowden

fauna. Lithologically, however, there is scarcely any resemblance

between the two formations.

In identity of species, the only described closely related Cuban

fauna is that from the late Tertiary of the Canimar River region,

Matanzas Province^". This fauna carries a number of species in

common Vidth the Bowden fauna but it came from beds strati-

gi"aphically above those which have been correlated with the

Powden.

Summiarizing the age of the Bowden moUuscan fauna, Dr.

Woodring made the following statements :^^

"On the basis of percentage of living species and in terms of

the standard European section the Bowden fauna is Miocene,

and the evidence seems to warrant considering it middle Miocene

( Vindobonian). In terms of the American section it falls at the

top of the middle Miocene or at the base of the upper Miocene.

8 Coryell, H. N., an;! uivevo. F. C. : A Miocene microfauna from Haiti,

Jn-.r. Paleont.. vol. 14, No. 4, 1940, pp. ;i24-44, pis. 41-44.
"' Palmer, Dorothy K. : Foraminifera of the upper Oligocene Cojimar

formation of Cuba, Mem. See. Cuhiuia Hist. Nat., vol. 14, No. 1, 1940.
1" Pclnicr, Dorothy K., and BeJimniez, Pedro J.: Late Tertiary Foram-

inifera from tJie Matanzas Bay region, Cuha, Mem. Soe. Cubana Hist. Nat.,

vol. 9, No. 4, 19:^.6.

11 Wioodiving. Vvetjiiell P.: Mi-ocear niollnskx from Boivden, .Jamaica,

flrir-neo-if. Tnit. ^V,^shi]lo•tolK P)d>I. ;!Sn, 192S, pp. 108, 56, 57,
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"The Eowden fossils are more similar to those of the Cercado

and Gurabo formations (of the Dominican Republic) than to

tliose of any other Miocene deposits.

"It is concluded that the Bowden fossils are more like those of

the Gurabo fonnation than like any other Dominican fossils. In

view of the closer similarity of the Gurabo and Gatun faunas, . . .

and in view of the presence in the Bowden formation of some

Recent species not found in either the Gurabo or Gatun forma-

tions, the Bowden fossils are regarded as representing a younger

horizon."

Additional evidence of the close relationship of the Bowden

and Gurabo faunas is found in the fact that Dr. K. V. W. Palmer

collected Spondyhis bostrichites (Guppy)^^ at Sta. 2 of the type

Bowden (see lo,cality description above), the type of which

species came from the Gurabo formation of the Dominican Re-

public.

Deposits subsequent to the White limestone of Jamaica, which

probably comprises beds of upper Eocene to lower Miocene in-

clusively, are mainly marginal. These are limestones, marls, and

conglomerates. The gravelly shell marl at Bowden on the south-

east coast, is by far the best known of these marginal deposits and

its age, by its exceptionally large and well-preserved molluscan

fauna, has been well established as Vindobonian, late Miocene.

Other marginal deposits, some of them younger than the Bowden,

as, for example, the Manchioneal beds of Hill and the Pteropod

marl of Barrett, have been referred to in the literature as Bowden
in age. This fact is of interest because in 1876 Jones and Park-

er^^ described 13 species of Foraminifera from a sample of

Pteropod marl sent them by Lucas Barrett, the director of the

Geological Survey of Jamaica. The sample was without locality

and following the trend of correlation it has been regarded as

Bowden in age. Trechmann, however, believes that the Ptero-

12 Palmer, Katherine VanWinkle: Neocene Spondyli from the southern
United States and tropical America, PalsBontographica Americana, vol. II,

No. 8, 1938, p. 8.

13 Jones, T. Eupert, and Parker, W. K. : Notice sur les Foraminiferes
vivants et fossiles de la Jamaique, Ann. Soc. Malac. Belg. vol. 11, 1876,

pp. 96-98.
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pod marl of Barrett is, at least, in part equivalent to the Manchio-

neal beds. He has presented the correlation of the Manchioneal

beds concisely in the following paragraph^*

:

"The Mollusca and also the Corals of the Manchioneal beds

show a decidedly closer affinity with those of the Bowden beds

than with the living fauna, a feature I hardly expected to find in

view of the position of the beds immediately under the Coral

rock or Coast limestone. The number of species in the Bowden

fauna closely allied to, if not actually identical with, the living

forms is remarkable. Furthermore, the Bowden and Manchi-

oneal formations both enter equally slightly into the tectonics of

Jamaica. They never o,ccur so far as I know in any of the inland

or upland valleys, but are purely marginal in distribution. Hith-

erto the Manchioneal beds have been referred by most writers to

the Pliocene, presumably on account of their position rather than

their fauna, which has been practically uninvestigated. Pos-

sibly if they were in Europe the Manchioneal and perhaps also

the Bowden beds might be placed in the Pliocene rather than the

Miocene."

Possibly this slight difference in age of some of the collec-

tions from the late Tertiary may explain the fact noted by Dr.

Cushman^^ that he failed to find in his sample from Bowden a

number of the species listed by Jones and Parker from the Ptero-

pod marl.

In the same volume in which Jones and Parker discussed the

sample from the Pteropod marl, H. B. Brady described

Sphcerogypsina ( Tinoporus) pilaris from a sample sent him by

C. P. Gloyne, from the Miocene limestone of Jamaica in the gorge

of Hope River, back of Long Mountain, a few miles east of Kings-

ton. This species has also been referred to as coming from the

Bowden beds. It is conspicuous at Bowden but the locality

from which it was described may or may not be the Bowden

formation.

Ecology.—The temperature, salinity, character of bottom and

14 Treclimaim, C. T. : The Manchioneal beds of Jamaica, Geol. Mag., vol.

LXVII, 1930, p. 216.

15 Cushman, J. A.: Fossil Foraminifera from the West Indies, Car-

negie Inst. Washington, Publ. 291, 1919, p. 28.
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cleptli of water flaring deposition as indicated b}- the moUuscan

fauna I'ave been discussed by Woodring. His conclusions are

briefly summarized as follows^**;

"... if number of gc-:era and species is a nseasure of temper-

ature,, the Caribbean Sea (hiring the time when the Bowden for-

mation w^as deposited v/as at least as warm as it now is.

"Aside from a few species the Bowden mollusks are such as

live in the open sea in water having only a slight range of salinity.

(P. 29).

"It is apparent from a glance at tiie faunal list that most of the

Bowden mollusks represent the neritlc zone, or the zone from

low-water mark to a depth of 200 meters, or about 100 fathoms.

A few genera, however, were suspected of representing deeper

v/ater." (P. 32).

The stud) of the Forandnifera provides some detailed evidence

supporting those conclusions.

The Bowden foraminiferal fauna is obviously tropical in type

and would be recognized as such if its geographical origin were

not knov;n. The absence of well-preserved specimens of strictly

shore or estuarine species and the abundance of pelagic species is

evidence of open ocean environment.

As in the case of the molluscan fauna, the foraminiferal fauna

appears to have accumulated in moderately deep water. Analysis

of the faunal list shows that approximately 70% of the species

are still living. Of these living species ZlV-i^ are now found

characteristically in water deeper than 60 fathoms, some being

reported only in depths exceeding 150 fathoms and 13% range

from, shallovv to very deep water. This figure includes 12

pelagic species, which are of course frequently carried inshore

but are more normal to deep water assemblages. A considerable

number of species of the remaining 50% of the fauna which points

to shallow water accumulation, such as most of the Miliolidse and

Peneroplidae, are represented in the collection by a few, frequently

poorly preserved, specimens.

i« Woodring, Wendell P.: Miocene molluslcs from Bowden, Jamaica,
Cirncgie Inst. Washington, Publ. 385, 1928.
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Coniparison of fossil and Recent faunas, in of.'er to rleterir.i'ie

tbe depth of water in whicli the fcnrer accumulated, is hampered

by the fact that ven- little iiiforn'.ation is availajjle concerning

the species living between 60 and 150 fathoms. Norton^^ stiuHed

samples from the West Indian and Floridian region which ranged

in depth from the beach to 2849 fathoms. He divided his ma-

terial into zones on the basis of depth and temiJCiature and pre-

pared graphs to show the relationships of the families to the fauna

as a whole at different deptlis. These data are vcr}' useful but un-

fortunatel}- lie did not have samples from depths between 60 and

500 fathoms.

The following table was prepared for comparison v^'ith tlie

zones established by Norton. It presents the percentages of the

species in each family to the fauna as a w^iole. It does not agree

with any of the zonal graphs given by Norton. For example,

from the trend of percentages of species in Norton's zones, the

abundance in trie IJowden fauna su';;,ests that the Miliolid^e ac-

cumulated in depths greater than 2000 fathoms (Zone D \, the

Lagenidse between 500 and 2000 fathoms (zones C anil D) and

the Ivotaliidre between the l^each and 5 fathoms (Zone A).

Percentage of Species in each family comparer! to the Fauna

as a whole expressed graphical!}-

%
Textulariidas 2.9

Vemeuilinidse 2.3

Valvulinidae 3.5

Miliolidce 1 1 o

Ophthalmidiidae .6

Placopsilinidse .6

Lagenidse 14.0

Polymorphinidae 1.7

Nonionidffi 4.6

Peneroplidse 1.2

Ileterohelicidae 1.2

Puliminidas i5vS

Ellif)soidinidse
j

.6

17 Korton, Richard D.: Ecolorjio relations of some Fovaminifera, Bull.

Scripps Instit. Oceanography, Tech. ser., vol. 2, No. 9, 1930, pp. 331-388.
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Rotaliidse
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Ampliistegina lessonii (d'Orbigny) var. bowdenensis, n. var.
Globigeriiia bulloides d'Orbigny
Globigerina subcretacea Chapman
Globigeriiia triloba Eeu!?s

Globigerinoides rubra (d'Orbigny)
Globigerinoides sacculifera (Brady)
Orbulina universa d'Orbigny
SphaBroi(!iuella dehiscens (Parkor and Jones)
Sphferoidinella debiscens (Parker and Joi:es) var. ir.in-tu'-n CusIidkui
Globorotalia nienardii (d'Orbigny)
Globorotalia menardii (d'Orbigny) var. mioceniea, n. var.
Cibicides lobatus (d'Orbigny)
Cibicides pseudouugerianiis (Cushman)
(Jibicidcs spirolimbatus Galloway and Keminvvay
Sphaerogypsina pilaris (Brady)

(Closely related to the living Gypsina globulus (Rcuss) )

All but five of the species or varieties in the above hst are still

living or are very closel}- related to living species. Analysis of

the distribution of the living and closely related living forms

shows that 50% (including the pelagic species) are now found

chiefly at depths of 60 fathoms or more; approximately 39%
are found characteristically in shallow water and 11% are found

in both shallow and deep water. These percentages again point

tcAvard a probable depth habitat of the Bowden fauna of 60

fathoms or slightly more, a conclusion indicated also by the an-

alysis of the living species in the fauna as a whole. The abund-

ance of individuals of the species of Amphistegina—by far the

most numerous forms in tlie assemblage—appears to contradict

this conclusion. However, the living Ainphistegina lessonii

d'Orbigny, though most common to about 30 fathoms, ranges

into deep water and according to Brady^^ "is found with some
frequency down to depths of 300 and 400 fathoms."

This conclusion is not what w^as expected from the inspec-

tion of the lithology of the Bowden deposit. Woodring like-

vsise noted a mixture of shallow-water mollusks with others

indicating a depth of 100 fathoms or more. This association of

species of diverse depth habitats has no ready explanation.

IS JJrady, H. B. : Kcp. Voy. CliaUciujcr, Zool., vol. 9, 1884, p. 741,
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Species previously identified from the typical Bowden.—
(3nly three of the species listed b\' I'ag;?; anti Cushman from

the t\pe h:)cality of tlie I'.owden forn^ation have not been found or

urovisionall}- identihed with species found in the present collec-

tions.

The species listed by Bagg (pp. 147-148) have been identified

as follov/s

:

Ilaplosticiie soklanii (Jones .iiul Licbuc^elJa solilp.nii (Jones and
Parker) Parker)

>::tu.laria br.rrettii (Jones and TjxtuLrnelL't bnrrcttii (Jones and
Parker)

Toxtiilnria trceluis d'Orbigny

Orbiculina aduncn (Fiehtol nnd
Moll)

Orbiculina compressa d'Orbigny

Cristellaria cultrnta (Ivlonrfort)

Parker)

I) 'Oi-bigny 's type of this ai^ecies was
f-.om t;ie Cietaceoiis; no specimens
of this general type could be identi-

i-cil nnless they be immature T. bar-

rettii as suggested by Cusbman.
Archfiias ailuncus (Fichtel and

Moll)

Not definitely identified ; specimens

oi' Avchaias are very poorly pre-

served and fragmentary.
("obv.bia cultratus Montfort

Cristellaria cassis ' 'Mcl>tel and Moll) Popsibly Pbinularin vv'oouringi, n. sp.

Gypsina globulus (Kcuks) Splisorogypsina pilaris (Brady)

Gypsina vcsicularis (Parker and C-;'ysina vesieularis (Parker and
Jones)

Cuneolina pavonia d 'Orbigny
Cuneolina, !ip. perhaps new

Vaginulina legunicn (Linnceiiy)

Nummulitos rnmondl d 'Archiac

Amphistcgina le-ssonii d'Orbigny

Jones)
(^.r^eolbiu? angiista Cushman
Possibly the microspheric form of

Vj. % r.ngust'i CLish.ma)!

Poj.iibly lieroin referred to as Va-
giuTila clavata Costa
Tld? gpi'cies was not figured by
"D 'Archiac and cannot be identified

\\\ tl'e collections

Araphi?t'dgina lessonii d'Orbigny
'.';v. bov>';lencnsis, n. var.

The species listed by Cushman (p. 29) have been identified as

follows

:

Psammospliasra fusca Schultze Not identified

Haplostiche dubia var. dubia v. Brk. Licbusella soldanii (Jones and Par-
ker)

Iladdonia minor Chapman Possibly the very rare Haddonia, sp.

Textulnria barrettii Jones and Par- Tcxtulariella barrettii (Jones and
krr

Cuneolina pavonia d'Orbigny

Cuneolina pavonia var. angusta, n.

var.

Bulimina ovata d 'Orbigny
Nodosaria vertebralis Batsch
Pro)idieularia alata d'Orbigny

Cristellaria calcar Linnaeus

Parker)
C;ineolina? angusta Cushman (mic-
rospheric form)
'vi'.iiicolina* angusta Cushman (meg-
alospheric form)
Pulimina ovr.ta d'Orbigny
T)(ntalina vertebralis (Batsch)
I'^ondicularia sagittula Vanden
Pb-occk

RobuluK calcar (LinnaBUs)
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Cristellaria calcar var. aspinosa, n,

var.

(Jri&tellaria bowtieiiensis, n. sp.

(Jrlsteilaria i'adica (Dofrancej
Criiftellaria genimata Brady
Glogigerii.a bnlloides il'Orbigny

Globigerina rubra d'Orbigny
Globigerinii saccuUfcra Erady
Globigcrhia .siibcretacea Chapman
SpLffiroiuiiia deliisccns var.

iraraatura, n. var.

Disccrbis al]cmorpbinoides (Reuss)

iioiuiluy ealcar (L.) var. aspinosa

(Cusiniinu)

Ler.ticuliua bowdenensis (Cuslnnan)
Saracenaria italica Defrance
l^'-jair.iaria vroodringi, n. sp.

Globi^orina bulloidcs d'Orbigny
Oiobijciinoides rubra (d'Orbigny)
GlcbigexinoMo^j iiaceulil'cra (Brady)
Globigerina nubcretacoa Chapman
S7)'.a!roldinclia deiuseens var.

iiaraatura (Cusyinian)

'il c type is from th.e Cretaceous of

Wo:-.tp'riaIia; probably the form here

identified as Baggina cojimarensis

Prdmer
jiip'jnides coryelli, n. sp.

1 Gyjisiua vc dcularis (Parker and
Jones)

Sprterogypsina pilaris (Brady)

Cmeris sagra (d'Orbigny)
Ampiiistcgina Icssonii d'Orbigny

var. bowdenensis, n. var.

Quiuqueloculina lamarckiana d'Or-
bigny

(^uijiqueloculina parkeri (Brady)
var. bowdenensis Cushman

Triloculina brongniartiana d 'Or-

bigny
Triloculina tricarinata d 'Orbigny
Possibly the poorly preserved Ver-
tcbralina, sp. listed here.

Not definitely identified.

Truneatulina prsecincta Karror
Gypaii.a vesieularis (Parker an

Jones)
Gypsina globulus var. pilari;i

(Brady)
I^dvinulina sagra d 'Orbigny
Aniphistegina lessonii d 'Orbigny

Quinqueloculina auberiana d'Or-
bigny

Quinqueloculina pra-keri var.

bowdenensis, n. var.

Triloculina brongniartiana d 'Or-

bigny
Triloculina tricarinata d'Orbigny
Vertebralina striata d 'Orbigny

Orbiculina compressa d'Orbigny

The following forms have been described as new

:

BarhourineUa hermudezi, n. sp.

Planularia ivoodi-ingi, n. sp.

Saracenaria cushmani, n. sp.

Uvigerina cliarltonoe, n. sp.

Ellipsonodosaria caribcea, n. sp.

Eponides coryelli, n. sp.

Glouorotalia menardii d 'Oibigny var. miocenica, n. var.

Amphistegina lessonii d'Orbigny var. bowdenensis, n. var.

LIST OF SPECIES
Testulariidse

1. Spiroplectammina gramen (d'Orbigny)
2. Te;;tularia agglutinans d'Orbigny
3. Textularia candeana d 'Orbigny
4. Textularia sica Lalicker and Bermudez
5. Bigeiierina nodosaria d'Orbigny var. textularioidea (Goes)

Vcrueuilinidas

6. Verneuilina mexicana Nuttall

7. Bernir.dezina cf. B. pariaua (Guppy)
8. Pseutioclavulina mexicana Cushman
9. Barbouriuella bermudezi, n. sp.

ValvulinidsB

10. Clavulina tricarinata d'Orbigny
^
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11. Dorothia caribiea Cushman
12. Listeiella iiodulosa (Cushman)
13. Textulariella baiiettii (Jones and Parker)

14. Cuneolina? angusta Cushman
15. Liebusella sohlanii (Jones and Parker)

MiliolidsB

16. Quinqueloculina collumnosa Cushman
17. Quinqueloculina lamarckiana d'Orbigny

18. Quinqueloculina cf. Q. panamensis Cushman
19. Quinqueloculina parkeri (Brady) var. bowdenensis Cushman
20. Quinqueloculina cf. Q. philippi Eeuss

21. Quinqueloculina cf. Q. polygona d'Orbigny
22. Massilina crenata (Karrer)
2,'!. Spiroloculina depressa d 'Orbigny

24. tepiroloculina poeyiana d'Orbigny
25. Sigmoilina cf. S. scidumbergeri A. Silvestri

26. Sigmoilina tenuis (Czjzek)

27. Triloculina brongiiiartiana d 'Orbigny

28. Triloculina cariiiata d'Orbigny
29. Triloculina linneiana d'Orbigny
30. Triloculina quadrilateralis d'Orbigny
31. Triloculina transversistriata Brady
32. Triloculina tricarinata d'Orbigny
33. Pyrgo denticulata (Brady) var. striolata (Brady)
34. Pyrgo subsphajrica (d'Orbigny)

Ophthalmidiidse
35. Vertebralina, sp.

Placopsilinidae

36. Haddonia, sp.

LagenidsB
37. Eobulus calcar (Linuffius)

38. Eobulus calcar (Linnasus) var. aspinosa (Cuslnnan)

39. Eobulus clericii (Fornasini)

40. Eobulus cultratus Montfort
41. Eobulus falcifer (Stache)
42. Eobulus cf. E. foliatus (Stache)
43. Eobulus iota (Cushman)
44. Eobulus occidentalis (Cushman) var. torrida (Cushman)
45. Eobulus rotulatus (Lamarck)
46. Eobulus subniamilligerus (Cushman)
47. Lenticulina bowdenensis (Cushman)
48. Planularia woodringi, n. sp.

49. Astacolus crepidula (Fiehtel and Moll)
50. Dentalina cf. D. baggi Gallowey and Wissler
51. Dentalina vertebralis (Batsch)
52. Lageuonodosaria, sp.

53. Saracenaria cushmani, n. sp.

54. Saracenaria italica Defranee
55. Vaginulina clavata Costa
56. Vaginulina? cf. V. peregriira Cushman
57. Frondicularia sagittula Vandeu Broeck
58. Lagena hexagona (Williamson) var. scalariformis (Williamson)
59. Lagena cf. L. marginata (Walker and Boys)
60. Lagena marginato-perforata Seguenza
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Polymorphiuiilse

(ji. Guttulina lactea (Montagu) var. earlandi Cusliniau and Ozawa
(j2. iiapj-yiraliiia gibba (d'Orbign_y)

i)3. JMiHU'.iina giobulifera Brady
Nonionidae

64. Noiiioii grateloupii (d 'Orbigny)

65. Nonion nicobarense CusLman
66. Nonion pompJlioiicts (Ficiitel and Moll;

67. Astrononion cf. A. sielligcrum (d'Orbigiiy)

G8. Eliphidiam advena (CusLnian)

6i). Elpiiidium fimbriatvilum (Cushman)
70. Elphidium lanicri (d 'Orbigny)
71. i^lpiiidimn poeyauum (d 'Orbigny)

Peneroplidae

72. Archaias aduncus (Fichtel and Moll)

73. Sorites, sp.

KeterohelicidsB

74. Bolivuiella folium (Parker and Jones)
75. Ploctofroudicularia floridana Cushmau

Buliminidae

76. Buliminella puiclira Tolmaehoff
77. Bulimiua marginata d 'Orbigny
1 8. Bulimina cf . ovata d 'Orbigny
79. Virgulina mexicana Cushman
•SO. Vii-gulina punctata d 'Orbigny
81. Bolivina alata (Seguenza)
82. Bolivina arta Macfadyeu
83. Bolivina bierigi Palmer and Berraudez
84. Bolivina marginata Cushman var. multicostata Cushman
85. Bolivina pulchella (d 'Orbigny)

86. Bolivina rhomboidalis (Millett)

87. Bolivina scalprata tSchwager var. miocenica Macfadyen
88. Bolivina suba^nariensis Cushman var. mexicana Cushman
89. Bolivina tortuosa Brady
90. Loxostomum limbatum (Brady) var. costulatum (Cusiiman)
91. lleussella spinulosa (Reuss)
92. Eeussella spinulosa (Keuss) var. Cushmau and Ponton
93. Pavonina miocenica Cushman and Ponton
94. Uvigerina charltona?, n. sp.

95. Uvigerina coartata Palmer
96. Uvigerina pigmea d 'Orbigny
97. Uvigerina cf. U. selseyensis Heron-Allen and Earland
98. Uvigerina probosciiiea Schwager var. vadescens Cushman
99. Sii^hogenerina advena Cushman

100. Siphogenerina cf. S. raphanus (Parker aud Jones)
101. Angiilogerina carinata Cushmau
102. Angulogeriua cf. A. eximia Cushman and Jarvis

Ellipsoidinidse

103. Ellipsonodosaria caribasa, n. sp.

Rotaliidse

104. Spirillina aff. S. vivipara Ehrenberg
105. Discorbis bertheloti (d 'Orbigny) var. floridensis Cushman
106. Difccorbis cf. D. corrugatus (Millett)

107. Discorbis cushmani Palmer and Bermudez
108. Discorbis floridanus Cushman
109. Discorbis mirus Cushman
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110. Discorbis cf. D. obtusus (d'Orbigny)

111. Discorbis orbicularis (Terqueni)

112. Disco) l)is pik'olus (trOibigny)
lib. Lamuickina atiautica Cuslimaii

114. VaivuJineria araueana (d'Orbigny)
115. Cibicoibib lierricki Hadley
116. Gyroidiua cf. G. soldanii d'Orbigny
117. Eponides coryelli, n. sp.

118. Eponides lateralis (Terquem)
119. Eponiaes parantillaruni Galloway and Heminway
1120. Eponides pulvinus Galloway and Heminway
.121. iioialia beccirii (Einnaras) var. tepida Cusiiman

122. llotalia losea (u'Orbigny)
123. Pc.taha cf. R. tliokis G:ilioway and Ileniinway

124. Epistomina eicgans (d'Orbigny)
125. i--.ii)i:onina pulchra Cusiiman
1:;6. fcipiioiiiuelia schita (Brady)
127. Caiicris sagra (d'Orbigny)
128. liaggina cojimaiensis Palmer

Aniplilsieginidge

129. Asterigeriiia carinata d'Orbigny
luO. Aniphi,?,tegina angulata (Cusiiman)

131. AmpluL'.tegina chipolensis Cusi.aian and Poi.ton

1^2. Aniphistegina kssonii d'Orbigny vr.i. bGwdevu'nsis, n. var.

Cymbaloporidaj
i;;;!. iretompiialus atlanticus Cusiiman

Cassidulinidis

l.';4. Cassidulina eiassa d'Orbigny
i;>5. CassiiiuKiia laevigata d 'Oi bigiiy var. carinata Cusiiman
lo6. Cas&ididina subglobosa Brady
137. Cassidulinoides bradyi (Norman)
138. Cassidulinoides cf. C. parkerianiis (Brady)

Ciiilostomellidaj

139. Chilostcmella czizeki Reuss
140. Pullenia spi:eroides (d'Orbigny)
141. Sphaaroidina bulloiues d'Orbigny

GlobigerinidaB

142. Giobigerina bulloides d'Orbigny
143. Giobigerina ;:ubcretacea Gliap)nian

144. Giobigerina triloba Eeuss
145. Globigerinoides rubra (d'Orbigny)
146. Globigerinoides sacculifera (Brady)
147. Globigerinella aequilateralis (Brady)
148. Orbulina universa d'Orbigny
149. Spiiaeroidinella. dehiseens (Parker and Jones)
150. Sphasroidinella dehiseens (Parker and Jones) var. immatura (Cusii-

man)
Globorotaliidse

151. Globctrucana, sp. (probably derived from the Upper Cretaceous)
152. Globorolalia menardii (d'Orbigny)
153. Globorotalia menardii (d'Orbigny) var. mioeenica, n. var.

154. Globorotalia truncatulinoides (d'Orbigny)
AnomalinidsB
155. Planulina edwardsiana (d'Orbigny) var. canimarensis Palmer and

Bermudez
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156. Plraiuliiia foveolata (Brady)
157. Cibicides candei (d'Orbigny)
158. Cibicides conceutiicus (Cushman)
159. Cibicides lobatus (d'Orbigny)
160. Cibicides nucleatus (Segueiiza)

161. Cibicides perforatus Coryell and Rivcro
162. Cibicides pseudoungcrianus (Cushmau)
163. Cibicides robertsonianus (Brady) var. haitiensis Coryell and Rivero

164. Cibicides spirolimbatus Galloway and Heniinway
165. Dyocibicides cf. D. biserialis Cushman and Valentine
166. Cibicidella variabilis (d'Orbigny)

Planorbulinidae

167. Planorbulina aeervalis Brady
168. Planorbulina mediterranensis d 'Orbigny
169. Gypsina vesicularis (Parker and Jones)
170. Sphaerogypsina pilaris (Brady)

Homotremidae
171. Homotrema cf. H. rubrum (Lamarck)

DESCRIPTION OF SPECIES
Family TEXTULARIID^

Genus SPIROPLECTAMMINA Cushman, 1927

Spiroplectammina gramen (d'Orbigny)

Vulvulina gramen d'Orbigny, 1840, in De la Sagra, Hist. Fis., Pol., Nat.
Cuba, Foraminiferas, (Spanish ed.), p. 139, pi. 1, figs. 30, 31.

Textularia transversaria Flint, 1897 (1899), Rep. U. S. Nat. Mus., p.

283, pi. 28, fig. 4. Not Brady.
Textularia floridana Cushman, 1922, Carnegie Inst. Washington, Publ.

311, p. 24, pi. 1, fig. 7; Cushman, 1922, U. S. Nat. Mus., Bull. 104,

pt. 3, p. 18, pi. 2, figs. 11, 12; Bermudez, 1935, Mem. Soc. Cubana
Hist. Nat., vol. 9, No. 3, p. 152.

Spiroplectammina gramen (d'Orbigny), Lalicker and Bermudez, 1941,
Torreia (Habana), No. 8, p. 3, pi. 1, figs. 5, 6.

Specimens are rare at Sta. i. They attain greater size than

has been indicated in the descriptions (maximum length, .83 mm.)

and more closely resemble the original figure of T. floridana

Cushman (which has been placed in synonomy with D'Orbigny's

species) than either the original figure of Vulvulina gramen or

the latest figures by Lalicker and Bermudez. The species has

been reported by Lalicker and Bermudez from shallow water to

225 fms. (Atlantis stations) oft' the coast of Cuba.

Genus TEXTULARIA Defrance, 1824

Textularia agglutinans d'Orbigny

Textularia, agglutinans d'Orbigny, 1839, in De la Sagi-a, Hist. Phys.,

Pol., Nat. Cuba, " Foraminiferes ", p. 136, pi. 1, figs. 17, 18, 32, 34;
Lalicker and Bermudez, 1941, Torreia (Habana), No. 8, p. 6, pi. 1,

fig. 7 (references).

Rare in the Bowden deposit ; specimens agree well with the
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description and figures by Lalicker and Bermudez (1941).

Textularia candeana d'Orbignyis

TextuLaria candeana d'Orbiguy, 1839, in De la Sagra, Hist. Pis., Pol.,

Nat. Cuba, " Poramiuiferes, '
' p. 143, pi. 1, figs. 25-27; Gushman, 1919,

Caniegie lust. Washington, Publ. 291, p. 32; Lalicker and Bermu-
dez, 1941, Toireia (Habana), No. 8, p. 8, pi. 2, fig. 4 (references).

Textularia candeana d'Orbignj, Galloway and Heiniiiway, 1941, Sci.

Surv. Porto Eico, New York Acad. Sci., vol. 3, p. 328, pi. 8, fig. 5.

Specimens are rare; they agree well with the figures by

Lalicker and Bermudez (1941).

Textiilaria sica Lalicker and Bermudez

Te^ctularia sica Lalicker and Bermudez, 1941, Torreia (Habana), No. 8,

p. 16, pi. 4, figs. 5, 6.

The species was described from tlie north coast of Cuba, "At-

lantis" Station 2999, 230 fathoms. It is rare at Bowden. The

specimens agree closely with the original figures.

Genus BIGENERINA d'Orbigny, 1826

Bigenerina nodosaria d'Orbigny var. textuiarioidea (Goes)

I'ext'ularia sagittula Defrance, forma Bigenerina Goes, 1882, Kongl,
Svensk. Vet. Akad. Handl., vol. 19, pt. 4, p. 78, pi. 5, iigs. 159, 160.

Clavulina textuiarioidea Goes, 1894, Kongl. Svensk. Vet. Akad. vol. 25,

p. 42, pi. 8, figs. 387-389; 1896, Bull. Mus. Comp. Z06I., p. 37, pi. 4,

figs. 26-38.

Bigenerina nodosaria d'Orbiguy var. textuiarioidea Goes, Gushman, 1922,

U. S. Nat. Mus., Bull. 104, pt. 3, p. 25, pi. 5, figs. 8, 9; Ghishman and
GahiU, 1933, U. S. Geol. Survey, Prof. Paper 175, p. 8, pi. 1, fig. 14
(references ); Lalicker and Bermudez, 1941, Torreia (Habana), No.

8, p. 4, pi. 1, fig. 2.

Very rare. The specimens are of the type figured by Cushman
and Cahill (1933) but have fewer uniserial chambers.

Family VERNEUILINID^

Genus VERNEUILINA d'Orbigny, 1840

Verneuilina mexicana Nuttall

Verneuilina inexicana Nuttall, 1932, Jour. Paleont., vol. 6, No. 1, p. 6,

pi. 2, figs. 1, 2; Palmer and Bermudez, 1936, Mem. Soc. Cubana Hist.
Nat., vol. 10, No. 4, p. 242; Pabner, 1940, Mem. Soc. Gubana Hist.
Nat., vol. 14, No. 2, p. 117, pi. 17, fig. 9; Galloway and Heminway,
1941, New York Acad. Sci., Sci. Survey Porto Eico and Virgin
Islands, vol. Ill, pt. 4, p. 321, pi. 6, fig. 5.

Karreriella mexicana (Nuttall), Gushman, 1937, Gushman Lab. Foram.
Ees. Special Publ., No. 8, p. 130, pi. 15, figs. 13, 14.

Very rare. The specimens are large and quite typical except

that the aperture is indistinct.

19 Galloway and Heminway call attention to the fact that D'Orbigny
corrected the spelling of this species to

'

' candeana '
' in the Spanish edi-

tion (1840) of the Cuba monograph.
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Genus BERMUDEZINA Cushman, 1937

Bermiidezina cL B. pariana (Guppy)

Gaudryina pariana Guppy, 1894, Proc. Zool. Soc. London, p. 651, pi.

41, figs. 21, 22.

Bemudezina pariana (Gappy), Cushman, 1937, Cushman Lab. Foram.
Ees., Special Publ., No. 7, p. 1U3, pi. 13, figs. 13, 14, 17, 18; Palmer,

1940, Mem. Soc. Cubana Hist. Nat., vol. 14, No. 2, p. 140, pi. 17,

fig. 10.

Rare. The biserial portion is more distinctly triangular in

section than is indicated by the figures given by Cushman (1937)

and the triserial portion is longer than that indicated by the fig-

ure of the upper Oligocene Cojimar specimen from Cuba

(Palmer, 1940).

Genus PSEUDOCLAVULINA Cushman, 1936

Pseudoclavulina mexicana (Cushman)

Clavulina humilis Brady, var. mexicana Cushman, 1922, U. S. Nat. Mus.,

Bull. 104, pt. 3, p. 83, pi. 16, figs. 1-3; Cushman and Jarvis, 1930,

Jour. Paleont., vol. 4, No. 4, p. 355, pi. 32, fig. 3.

Pseudoclavulina mexicana (Cushman), Cushman, 1937, Cushman Lab.

Foram Ees., Special Publ., No. 7, p. 117, pi. 16, figs, 5-11; Coryell

and Rivero, 1940, Jour. Paleont., vol. 14, No. 4, p. 325, pi. 43, fig. 4;

Palmer, 1940, Mem. Soc. Cubana Hist. Nat., vol. 14, No. 2, p.

120, pi. 18, fig. 11.

Rare specimens with a very short triserial portion are quite

similar to the form figured by Cushman and Jarvis from Buff

Bay.

Genus BARBOURINELLA Bermudez, 1939

Barbourinella bermudezi, n. sp. Plate 1, figs, la-b

Test of medium size for the genus, elongated, triserial and

triangular in ,cross section throughout ; broadest in the middle,

narrowing to the bluntly pointed apex and truncated apertural

extremities ; angles acute ; sutures very slightly depressed and

inconspicuous ; aperture a short tube in the face of the final

chamber, removed from the margin ; surface finely arenaceous

with much cement. Rather rare at Bowden.

Length of holotype, 0.7 mm. ; maximum diameter, 0.38 mm.

The new species differs from B. atlantica Bermudez^° in hav-

ing only slightly depressed sutures and smoothly finished surface

with much cement.

Holotype.—No. 20040, Paleontological Research Institution.

20 Bermudez, Pedro J.: Nuevo genero y especies nuevas de fora-

miniferos, Mem. Soc. Oubana Hist. Nat., vol. 13, No. 1, 1939, p. 10,

pi. 1, figs. 1-4.
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Family VALVULINIDiE

Genus CLAVULINA d'Orbigny, 1826

Clavulina tricarinata d'Orbigny
Clavulina tricarinata d'Orbigny, 1839, in De la Sagra, Hist. Pliys., Pol.,

Nat. Cuba, " Foraminiferes ", p. Ill, pi. 2, figs. 16-18; Galloway and

Hemiuway, 1941, Sci. Surv. Porto Bico, vol. 3, New York Acad. Sci.,

p. 326, pi. 7, fig. 8.

Very rare.

Genus DOROTHIA Plummer, 1931

Dorothia caribaea Cushman
Doroihia caribaea Cushman, 1936, Special Publ., No. 6, Cushman Lab.

Foram. Kes., p. 31, pi. 5, fig. 3; 1937, Special Publ., No. 8, p. 99, pi.

11, fig. 5.

Very rare. A single specimen from Palmer Sta. i agrees well

with the figure of the type which came from an Atlantis station

in 305 fathoms off Cabo Cruz, Cuba,

Genus LISTERELLA Cushman, 1933

Listerella nodulosa (Cushman)

Clavulina communis Brady, 1884, (in part), Eept. Voy. Ciiallenger, Zool.

vol. 9, p. 394, pi. 48, figs. 9-13; Cushman and Jarvis, 1940, Jour.

Paleont., vol. 4, No. 4, p. 356, pi. 32, fig. 4.

Clavulina comnmnis d'Orbigny var. nodulosa Cushman, 1922, U. S. Nat.

Mus., Bull. 104, pt. 3, p. 85, pi. 18, figs. 1-3.

Listerella nodulosa (Cushman), Cushman, 1937, Cushman Lab. Foram.
Res., Spec. Publ., No. 8, p. 150, pi. 17, figs. 13-19.

Very rare ; immature specimens are tentatively assigned to this

species. They comprise an expanded fusiform apex with 3 or

4 rectilinear chambers separated by distinct, moderately de-

pressed sutures. Determination of species is unsatisfactory from

immature specimens ; they most closely resemble the apical ex-

tremity of Atlantic specimens figured by Cushman (1937, figs.

16 and 19) and are quite close to tlie specimens from Buff Bay,

Jamaica (Cushman and Jarvis, 1940, listed as C. communis) ex-

cept that the apex is regularly fusiform.

Genus TEXTULARIELLA Cushman, 1927

Textulariella barrettii (Jones and Parker)
Textularia barrettii Jones and Parker, 1863, Rep. Brit. Assoc. New-

castle Meeting, pp. 80, 105; 1876, Ann. Soc. Mai. Belg. vol. 11, p.

99, text fig.; Cushman, 1919, Carnegie Inst. Washington, Publ. 291,

p. 31, pi. 6, figs. 5-7; 1922, U. S. Nat. Mus., Bull. 104, pt. 3, p. 20,

pi. 3, figs. 3-6.

Textulariella barrettii (Jones and Parker), Palmer, 1936, Mem. Soc.

Cubana Hist. Nat., vol. 9, No. 4, p. 239; Cushman, 1937, Cushman
Lab. Foram. Res., Special Publ., No. 8, p. 66, pi. 7, figs. 5-8; Palmer,
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1938, Mem. Soc. Cubana Hist. Nat., vol. 12, No. 4, p. 299, pi. 23,

fig. 14; Coryell and Rivero, 1940, Jour. Paleont., vol. 14, No. 4, p.

325 ; Galloway and Heminway, 1941, New York Aead. Sci., Sci. Sur-

vey Porto Eico and Virgin Islands, vol. 3, pt. 4, p. 332, pi. 7, fig. 9.

This species was common in the material examined by Cush-

man. It is occasional in the Bowden samples at hand. Speci-

mens resemble those figured by Cushman (1919). They are

with difficulty distinguished from those believed to be immature

Cuneolina? angusta Cushman. Several characters have been

used in separating the two forms : specimens referred to Textu-

lariella are usuall}' slightly less compressed than those referred

to Cuneolina? ; the sutures are very slightly elevated and the

margin of the final chamber is angled in the former while in the

latter the sutures are gently depressed and the margin of the

final chamber is well rounded.

The constant association of Textulariella barrettii with Cuneo-

lina? in the Tertiary and Recent of the Caribbean area, as well

as their morphological relationship, has been repeatedly noted and

it is believed that some specimens figured as Textulariella bar-

rettii are actually Cuneolina? angusta C. (Palmer, 1938). There-

fore not only the specific but also the generic determination should

be reexamined. Since the genotype came from the Caribbean

Sea it is hoped that the study of the "Atlantis" material from this

area will clarify its relationship to the living forms referred to

Cuneolina.

This species is widely distributed in the Caribbean area. Cush-

man (1922) recorded it from 37 to 338 fathoms. Norton^^ found

it at 60 fathoms and made the following comment: "Like the

Textularia, this genus usually appears at shallow depths, although

Flint records it oif the Bahamas in 338 fathoms."

Genus CUNEOLINA d'Orbigny, 1839

Cuneolina? angusta Cushman
Textularia irnrlms Goes, 1882, Kongl. Svensk. Vet. Akad. Handl., vol. 19,

No. 4, p. 80, pi. 5, figs. 167-70; pi. 6, figs. 171, 172. Not D'Orbigny.
Cuneolina pavonia Jones and Parker, 1876, Ann. Soc. Mai. Belg., vol. 11,

p. 98; Hill, 1899, Bull. Mus. Cnmp. Zool., vol. 34, p. 147; Cushman,
1919, Carnegie Inst. Washington, Publ. 291, p. 34, pi. 7, fig. 1. Not

21 Norton, Richard D. : Ecologie relations of some Foraminifera, Bull.

Scripps Inst. Oceanography, La Jolla, California, Tech. Ser., vol. 2, No,
9, 1930, p. 337.
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Textularia harreitii Flint, 1897 (1899) Ann. Eept. TJ. S. Nat. Mus., p.

285, pi. 30, fig. 2. Not Jones and Parker.

Cuneolina pavonia d 'Orbigny var. anrjiisia Cusliman, 1919, Carnegie

Inst. Washington, Publ. 291, p. 34, pi. 7, fig. 2.

Cuneolina angusta Cushmfin, 1922, U. S. Nat. Mus., Bull. 104, pt. 3, p.

53, pi. 10, figs. 1-3; 1937, Cusliman Lab. Foram. Ees., Special Publ.,

No. 8, p. 69, pi. 7, figs. 19-22; Palmer, 1938, Mem. Soc. Cubana Hist.

Nat., vol. 12, No. 4, "p. 296, pi. 19, fig. 5, pi. 20, figs. 15-17, 20; pi.

21, figs. 3-5; pi. 23, figs. 1-3.

Cuneolina angusta, Cushman var. lata Cushman, 1922, U. S. Nat. Mus.,
Bull. 104, pt. 3, p. 54; Palmer, 1938, Mem. Soe. Cubana Hist. Nat.,

vol. 12, No. 4, p. 297, pi. 19, fig. 2, pi. 28, figs. 5-7.

This is one of the most conspicuous species in the Bowden
samples. Most of the specimens are of average size for the Ter-

tiary and Recent forms referred to this genus and are narrow

in side view; occasional specimens are very large and flabelli-

form, attaining 6 mm. in maximum diameter. Both of these forms

were reported by Dr. Cushman (1919), the broad form being re-

ferred to C. pavonia d'Orbigny and the narrow one to a new
variety angusta.

In the monograph of the Textulariidee of the Atlantic Ocean,

Dr. Cushman (1922, p. 53) indicated his conclusion that the spec-

imens in the Bowden marl were undoubtedly distinct from the

Cretaceous C. pavonia d'Orbigny. The narrow form occurring

at Bowden was considered the same as the living Caribbean spe-

cies and consequently the name, C. angusta, was applied to both.

At the same time the broad form occurring at Bowden was given

a new varietal name, lata, with the note that it had not been found

in the Recent material.

In the revision of the ValvuHnidse (1937, p. 69) Dr. Cushman
concluded that the flabelHform specimens from Bowden, C. an-

gusta var. lata, were probably the megalospheric representative of

the species and it was therefore placed in synonymy with C. an-

gusta.

The genus has been living in the Caribbean area from late

Oligocene time. C. cojimarensis Palmer, described from the up-

per Oligocene of Cuba (1938, p. 298; 1940, p. 122), is distinct

from the species living in Cuban waters, of which abundant spe-

cimens are available for comparison, and also from the Cuban
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Miocene species. Unfortunately, at the time this species was

described the specimens from Eowden were not available for

comparison but the original description and figures indicated spe-

cific distinction which has been corroborated by examination of

actual specimens.

The specim.ens from Bowden have been examined v/ith care.

In spite of the fact that they are not uncommon in the collection,

scarcely any can be found in which the apex is not eroded. From

the partial sections prepared it has been concluded that the broad

form is probably microspheric (not megalospheric as suspected

by Dr. Cushman) and the narrow form is megalospheric. Both

forms are therefore referred to the species C. angusta. As stated

above, the species is distinct from the upper Oligocene C. cojimar-

ensis Palmer. It also appears to be distinct from the living Carib-

bean form as reference to the figures and discussion of the genus

indicates (Palmer, 1938). This specific distinction is empha-

sized by the absence of the broad member of the pair from the

Recent fauna. The living specimens are being carefully studied

and sectioned and the results will soon be available. Since the

type of C. angusta came from Bowden the specific reference of

the living form is not involved in this re-study of Bowden speci-

mens.

The generic reference of these specimens is not satisfactory.

Cuneolina pavonia d'Orbigny, the genotype, came from the Sen-

onian of France. Com.parative Cretaceous material is not avail-

able. However, specimens closely resembling C. conica

d'Orbigny, as figured by Schlumberger, have been found in upper

Cretaceous deposits in the Caribbean area (Palmer, op. cit. 1938,

p. 295). These are with little doubt generically distinct from the

Tertiary and Recent species which have been referred to Cuneo-

lina. Also, these Tertiary and Recent species of Cuneolina? are

closely related to Textulariella barrettii (Jones and Parker), the

type of that genus. In fact, immature specimens believed to be

C. angusta are with difficulty distinguished from T. barrettii. The

revision of the generic nomenclature therefore involves not only

the careful study of the Cretaceous genotype of Cuneolina but

also the study of the relationship of the Hving species referred to

Cuneolina with Textulariella barrettii.
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This species is occasional at Bowden but conspicuous because

of its size. The living species of Cuneolina has been reported by

Cushman as common at lOO fathoms.

Genus LIEBUSELLA Cushman, 1933

Liebusella soldanii (Jones and Parkei-)

Lituola soldanii Jones and Parker, 1860, Quart. Jour. Geol. Soc, vol.

16, p. 307, No. 184; Carpenter, Parker and Jones, 1862, Introd. Foram.,

pi. 6, figs. 42, 43; Jones and Parker, 1876, Ann. Soc. Malac. Belg.

vol. 11, p. 98.

Lieiusella soldanii (Jones and Parker), Cushman, 1937, Cushman Lab.

Foram. Ees., Special Publ., No. 8, p. 166, pi. 20, figs. 1-11; Palmer,

1938, Mem. Soc. Cubana Hist. Nat., vol. 12, No. 4, p. 282, pi. 19,

figs. 1, 3, 6, 9, 10; pi. 20, figs. 6, 7; pi. 22, figs. 21, 22 (see synonymy).

Lituola soldanii Jones and Parker var. intermedia Van den Broeck, 1876,

Ann. Soc. Beige Micr., vol. 2, p. 74, pi. 2, figs. 1, 3, 4, 6.

Haplostiche duMa (d'Orbigny) var. intermedia (Van den Broeck), Cush-

man, 1919, Carnegie Inst. Washington, Publ. 291, p. 30, pi. 6, figs.

1-4; Cushman and Jarvis, 1930, Jour. Paleont., vol. 4, No. 4, p. 354,

pi. 32, fig. 1.

Liebu^sella soldanii (Jones and Parker) var. intermedia (Van den Broeck)

Cushman, 1937, Cushman Lab. Foram. Ees., Special Publ., No. 8, p.

167, pi. 20, figs. 12-14; Palmer, 1938, Mem. Soc. Cubana Hist. Nat.

vol. 12, No. 4, p. 285, pi. 19, figs. 4, 7, 8; pi. 20, fig. 1; pi. 21, figs.

1, 2; pi. 22, figs. 17-20 (see synonymy).

Two forms are conspicuous and abundant in the Bowden

samples. The elongate foi-m with well-depressed sutures (var.

intermedia) is more abundant than the short, stout, smaller form

with less conspicuous sutural depressions. Partial sections in-

dicate that the var. intermedia is microspheric and the typical

species is megalospheric. For this reason the variety has been

placed in the synonymy.

The occurrence of this species in the Caribbean area has been

discussed in detail (Palmer, D. K., 1938). Specimens from the

upper Oligocene of Cuba are much smaller than those from the

Miocene and Recent but are otherwise typical. The specimen

figured as var. intermedia by Cushman and Jarvis from Buff

Bay, Jamaica, is smaller than the average microspheric specimen

from Bowden and lacks the pronounced sutural depressions and

is considered more probably a megalospheric specimen (Palmer,

1938, p. 287). The typical species are not listed from Bowden

by Cushman in 1919 but later (1937, p. 167) he noted that it

does occur there occasionally.

The abundance of this species in the Bowden samples gives
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it importance as an index to the conditions under which the sedi-

ments accumulated. The following are records of its occurrence

in the Caribbean

:

Brady, H. B., (1884), 40-435 fms.-^

FHnt, J. M., (1897), 196-210 fms.^^

Cushman, J. A., (1920), 60-210 fms."*

Family MILIOLID^
Genus QUINQUELOCULINA d'Orbigny, 1826

Quinqueloculina collumnosa Cushman

Quinqiidoculina collumnosa Cushman, 1922, Carnegie Inst. Washington,
Publ. 311, p. 65, pi. 10, fig. 10; 1929, U. S. Nat. Mus., Bull. 104, pt.

6, p. 27, pi. 3, fig. 2.

A single specimen found in Hedberg's sample resembles the

type ex,cept that the aperture is not so elongate and may have

been broken.

Quinqueloculina lamarckiana d'Orbigny
Quinqueloculina lamarckiana d'Orbigny, 1839, in De la Sagra, Hist.

Phys., Pol., Nat. Cuba, " Foraminiferes ", p. 189, pi. 11, figs. 14, 15;
Cushman, 1922, Carnegie Inst. Washington, Publ. 311, p. 64; 1929,

IT. S. Nat. Mus., Bull. 104, pt. 6, p. 26, pi. 2, fig. 6; 1930, Florida
State Geol. Survey, Bull. 4, p. 20, figs. 3-5.

Only occasional but the most common of the Miliolidse. The

specimens may be compared v/ith the figure of a specimen from

Tortugas, Florida, given by Cushman (1929).

Quinqueloculina of. Q. panamensis Cushman
Quinqueloculina panamensis Cushman, 1918, U. S. Nat. Mus., Bull. 103,

p. 80, pi. 31, fig. 1.

Several specimens rather closely resemble the original figures

of this species from the Gatun formation except that they do not

becomie so loosely coiled and the final chamber is not separated

from the others.

Quinqueloculina parkeri (Brady) var. bowdenensis Cushman
Quinqueloculina parkeri (Brady) var. howdenensis Cushman, 1919, Car-

negie Inst. Washington, Publ. 291, p. 68, pi. 14, fig. 6.

Occasional.

Q'iinqueloculina cf. Q. philippi Reuss
Quinqueloculina philippi Eeuss, 1856, Sitz. k. Akad. Wiss., Wien, vol.

22 Brady, H. B.: Rep. Voy. Challenger, Zool., vol. 9, 1884, p. 319.
2"" Flint, James M.: Becent Foraminifera. A descriptive catalogue

of specimens dredged l)y the U. S. Fish Commission Steamer Albatross.

Ecpt. U. S. Nat. Mus., 1897, (1899), p. 277.
21 Cuslimau, J. A.: The Foraminifera of the Atlantic Ocean, U. S. Nat.

Mus., Bull. 104, pt. 2, 1920, p. 34.
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18, p. 252, pi. 9, fig. 87; Galloway and Heminway, 1941, Sci. Survey

Porto Eico and the "Virgin Islands, New York Acad. Sci., vol. Ill,

pt. 4, p. 303, pi. 2, fig. 4.

A single specimen closely resembles the specimen figured by

Galloway and Heminway and differs from the type figure in

having more nearly parallel margins in side view and in having

more compressed chambers.

QiiJisqucloculina cf. Q. polygona d'Orbigny

Quinqveloculina polvoona d'OrLign^-, 18.T9, in Dc la Sagra, Hist. Phys.,

Pol., Nat. Cuba, '"' Foraininiferes '"', p. 198, pi. 12, figs. 21-23; Cush-
man, 1929, U. S. Nat. Mus., Bull. 104, pt. 6, p. 28, pi. 3, fig. 5; Ber-

mudez, 1935, Mem. Soc. Cubana Hist. Nat., vol. 9, No. 3, p. 159.

Very rare. The specimens have less distinctly separated cham-

bers than the type and in this more closely resemble the speci-

men from Tortugas figured by Cushman (1929).

Genus MiSSILTNA Sehlrmberger, 1S93

Massilma crenata (Karrer)

Spiroloculina crenata Knrrer, 1808, Sitz. Akad. Wiss., Wien, vol. 57,

p. 135, pi. 1, fig. 9.

Massilina crenata (Karrer), Cnshman, 1929, U. S. Nat. Mus., Bull. 104,

pt. 6, p. 38, pi. 7, fig. 5; Bermudez, 1935, Mem. Soc. Cubana Hist.

Nat.,' vol. 9, No. 3, p. 162.

A single poorly preserved specimen from Sta. i has indistinct

crenulations, resembling in this character the Recent specimens

from the coast of Cuba.

Genus. SPIEOLOCULINA d'Orbigny, 1826

Spiroloculina dopressa d'Orbigny

Spiroloc'idina dcpressa d'Orbigny, 1826, Ann. Sci. Nat., vol. 7. p. 298;
Cushman. 1917, U. S. NatiT Mus., Bull. 71, pt. G, p. 29, pi. 3, figs.

6, 10; Cushman, 1930, Florida Geol. Survey, Bull. 4, p. 21, pi. 3, fig. 2.

Spiroloculina Unioata Brady, 1884, Rep. Vov. Clmllenner Zool., vol, 9, p.
150, pi. 9, fig. 15. Not D'Orbigny.

A single specimen from Sta. i resembles Brady's species cited

above,

Spiroloculina poeyiana d'Orbigny

Spiroloculina poeyiana d'Orbigny, 1840, in Be la Sagra, Hist. Fis., Pol.,

Nat. Cuba, Foraminiferas, (Spanish ed.,) p. 150, pi. 10, figs. 1, 2;
Bermudez, 1935, Mem. Soc. Cubana Hist. Nat. vol. 9, No. 3, p. 164.

A single well-preserved specimen from Sta. 574 has strongly

inflated, finely costate chambers and closely approaches

D'Orbigny's species.
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Genus SIGMOILINA Schlumberger, 1887

Sigmoilina cf. S. schlumbcrgeri A. Silvestri

Sigmoilina scMumheygeri Silvestri, 1904, Mem. Pont. Accad. Niiovi

Lincei, vol. 22, p. 267; Cusbnian, 1929, U. S. Nat. Mas., Bull. 104,

pt. 6, p. 49, pi. 11, figs. 1-3; Bermudez, 1935, Mem. Soc. Gubana Hist.

Nat., vol. 9, No. 3, p. 184; Palmer, 1940, Mem. Soc. Cubana Hist.

Nat., vol. 14, No. 2, p. 125.

SigDioilina celata schlmnhergeri (Silvestri), Goryell and Eivero, 1940,

Jour. Paleont., vol. 14, No. 4, p. 324.

Several specimens are doiibtfully referred to this species ; they

are broader in side view and a httle more coarsely arenaceous

than the Tertiaiy specimens from the Caribbean region which

have been listed as this species.

Sigmoilina tenuis (Czjzek)

Quinqueloculina tenuis Czjzek, 1847, Haidinger's Nat. Abhaiidl, vol. 2,

p. 149, pi. 13, figs. 31-.34.

Spiroloculvna temiis (Czjzek), Brady, 1884, Sep. Voy. Challenger, Zool.,

vol. 9, p. 152, pi. 10, figs. 7-11.

Sigmoilina tennis (Czjzek), Cxisbman, 1918, U. S. Nat. Mus., Bull 103,

p. 81, pi. 31, fig. 4; 1930, Florida Geol. Survey, Bull. 4, p. 22, pi. 2,

fig. 8; Palmer, 1940, Mem. Soc. Cubana Hist. Nat., vol. 14, No. 2,

p^ 125.

Very rare.

Genus TRILOCULINA d'Orbigny, 1826

Triloculina brongniartiana d'Orbigny

Triloculino. hrongniai-fiana d'Orbigny, 1839, in De la Sagra, Hist. Phys.,

Pol., Nat. Cuba "Foraminiferes'' p. 176, pi. 10, figs. 6-8; Cushman,
1919, Carnegie Inst. Wasl-ington, Publ. 291, p. 68; Bermudez, 1935,

Mem. Soc. Cubana Fist. Nat., vol. 9, No. 3, p. 170; Galloway and
Heminway. 1941, New York Acad. Sci., Sci. Survey Porto Rico and the

Virgin Islands, vol. 3, pt. 4, p. 306. pi. 3, fig. 2.

A few delicately striate specimens with well-rounded cham-

bers and slightly constricted aperture agree closely with D'Or-

bigny's description and figures.

Triloculina carinata d'Orbigny

Triloculina carlnoia d'Orbigny, 1839, in De la Sagra, Hist. Pliys., Pol.,

Nat. Cuba. "Foramiuiferes", p. 179, pi. 10, figs. 15-17; Cushman,
1922, Carnegie Inst. V/ashington, Publ. 311, p. 75, pi. 12, fig. 6; 1929,

U. S. Nat. Mus., Bull. 104, pt. 6, p. 65, pi. 17, fig. 4 ; Bermudez, 1935,

Mem. Soc. Cubana Hist. Nat., vol. 9, No. 3, p. 169, pi. 12, figs. 1-3.

Veiy rare. The specimens are similar to the type from the

sbiore sands of Cuba.
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Trilocullna cf. T. linneiana d'Orbigny

Triloculina linneiana d 'Orbigiiy, 18;59, in De la Sagra, Hist. Phys., Pol.,

Nat. Cuba, «
' Foraminiferes " p. 172, pi. 9, figs. 11-13; Cushman, 1922,

Carnegie Inst. Washington, Publ. 311, p. 75; 1929, U. S. Nat. Mus.,

Bull. 104, pt. 6, p. 61, pi. 16, figs. 1, 2; Bermudez, 1935, Mem. Soc.

Cubana Hist. Nat., vol. 9, No. 3, p. 170.

Several poorly preserved specimens appear to belong to this

species, though they may be the var. caloosahafchecnsis Cole^^.

Sta. I. .

I

.

Triloculina quadrilateralis d'Orbigny

Triloculina quadrilateralis d'Orbigny, 1839, in De la Sagra, Hist. Phys.,

Pol. Nat., Cuba, " Foraminifares ", p. 173, pi. 9, figs. 14-16; Cushman,
1921, U.' S. Nat. Mus., Proc, vol. 59, p. 71, text fig. 11; Cushman,
1922, Carnegie Inst. Washington, Publ. 311, p. 76; Bermudez, 1935,

Mem, Soc. Cubana Hist. Nat., vol. 9, No. 3, p. 171.

A single typical specimen was found at Sta. i.

Triloculina cf. T. transversestriata (Brady)
MilioUna transversestriata Brady, 1881, Jour. Micr. Sci., vol. 21, p. 45;

1884, Kept. Voy. CliaUcnger, Zool. vol. 9, p. 177, pi. 4, fig. 6; Heron-
Allen and Earland, 1915, Trans. Zool. Soc. London, vol. 20, pt. 17, p.

566, pi. 42, figs. 17-20.

Triloculina transversestriata (Brady), Cushman, 1929, U. S. Nat. Mus.,

Bull. 104, pt. 6, p. 62, pi. 16, "fig. 3; Bermudez, 1935, Mem. Soc.

Cubana Hist. Nat., vol. 9, No. 3, p. 171.

Very rare and the specimens are not well preserved. They

are similar to tlie specimen from Tortugas figured by Cushman

(1929).

Triloculina tricarinata d'Orbigny

Trilocnlina tricarinata. d'Orbigny, 1826, Ann. Sci. Nat., vol. 7, p. 299,

No. 7; 1826, Modeles, No. 94; Brady, 1864, Trans. Linn. Soc. London,
vol. 24, p. 446, pi. 48, fig. 3 ; Cushman, 1919, Carnegie Inst. Washing-
ton, Publ. 291, p. 68, pi. 14, fig. 4; Galloway and Heminway, 1941,

New^ York Acad. Sci., Sci. Survey Porto Rico and the Virgin Islands,

vol. 3, pt. 4, p. 309, pi. 3, fig. 10.

Rare. The specimens are sharply angled, resembling that

figured by Galloway and Heminway (1941).
Genus PYRGO Defrance, 1824

Pyrgo denticulata (Brady) var. striolata (Brady)
Biloculina ringens (Lamarck) var. striolata Brady, 1884, Eep. Voy.

Challenger, Zool., vol. 9, p. 143, pi. 3, figs. 7, 8.

Biloculina denticulata (Brady) var. striolata (Brady), Cushman, 1922,
Carnegie Inst., Washington, Publ. 311, p. 78; 1929, U. S. Nat. Mus.,
Bull. 104, pt. 6, p. 69, pi. 18, fig. 5.

Very rare specimens are similar to those living in the shallow

water of the West Indian area (Cushman, 1929, pi. 18, fig. 5).

25 Cole, W. S. : The Pliocene and Pleistocene Foraminifera of Florida,
Florida Geol. Survey, Bull. 6, 1931, p. 25, pi. 1, figs. 4-6.
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Pyrgo subsphaerica (d'Orbigny)
BlJoeulina suhsp]iacrica d'Oibigny, 1839, in De la Sagra, Hist. Phys.,

Pol., Nat. Cuba, " Foraniiiuieres", p. 162, pi. 8, figs. 25-27; Oush-
man, 1922, Cainegie Inst. Washington, Publ. 311, p. 77.

Pyrgo suhsphaerica (d'Orbigny), Cusliman, 1929, U. S. Nat. Mas., Bull.

104, pt. 6, p. 68, pi. IS, Ggs. 1, 2; 1930, Florida State Geol. Survey,
Bull. 4, p. 23, pi. 3, fig. 5.

Very rare. The specimens reseiiible that from the Choctawhat-

chee Miocene figured by Cushman (1930).

Family OPHTHALMIDIID^
Genus VERTEBRALINA d'Orbigny, 1826

Vertebralina, sp.

A single worn specimen from locality 574 has the size and

form of V. insignis Brady^'' but is worn and shows no ornamen-

tation.

Family PLACOPSILINID^
Genus HADDONIA Chapman, 1898

Haddonia, sp.

A single specimen comprising about six loosely coiled cham-

bers was found at Sta. i. The test is finely arenaceous, well

cemented and one chamber shows the characteristic crescent-

shaped aperture. The maximum diameter of the fragmentary

specimen is 4.5 mm.
This incomplete specimen cannot be referred to H. minor

Chapman, a species listed from Bowden by Cushman^'^ since it

is more closely coiled than that species appears to be in the orig-

inal figure and the aperture is a narrower longer crescent.

Family LAGENID^
Genus ROBULUS Montfort, 1808

Robulus calcar (Linnaeus)

Nauiiluf; calcar Linnaeus, 1758, Systema Naturae, ed. 10, p. 709.

Cristellaria calcar (LinnsEus), Jones and Parker, 1876, Ann. Soc. Malac.
Belg., vol. 11, p. 98; Cushman, 1923, U. S. Nat. Mus., Bull. 104,

pt. 4, p. 115, pi. 31, figs. 4, 5; pi. 30, fig. 7.

Bobulus calcar (Linnaeus), Gallowny and Morrey, 1929, Bull. Amer.
Paleont., vol. 15, No. 55, p. 20, pi. 2, fig. 10; Cushman, 1929, Gontr.
Cushman Lab. Foram. Res., vol. 5, pt. 4, p. 84, pi. 12, fig. 18; Cush-
man and Jarvis, 1930, Jour. Paleont., vol. 4, No. 4, p. 358, pi. 32,
fig. 9; Coryell and Rivero, 1940, Jour. Paleont., vol. 14, No. 4, p. 332,
pi. 41, fig. 9.

26 Brady, H. B. : Rept. Voy. Challenger, Zool., vol. 9, 1884, p. 187, pi.

12, figs. 9-11.
27 Cushman, Joseph A. : Fossil Foraminifera from the West Indies,

Carnegie Inst. Washington, Publ. 291, 1919, p. 31.
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Lenticulina calcar (Linnajus), Palmer, 1940, Mem. Soe. Cubana Hist.

Nat., vol. 14, No. 2, p. 127.

Occasional. The specimens are strongly biconvex with few

chambers and sutures flush with the surface. A few specimens

resemble the specimen from the Atlantic figured by Cushman

(1923) in having a few, long, slender spines. The majority of

the specimens, however, have short, poorly developed spines as

illustrated by Cushman (1929).

Robulus calcar (LiniiEeus) var. aspinosa (Cushman)

Crisiellaria calcar (Linnasus) var. aspinosa Cushman, 1919 Carnegie

Inst. Washing-Ion, Publ. 291, p. 37, pi. 6, ng. 8.

Only a few specimens of this variety, described from the type

locality of the Bowden, have been found in the material examined.

They differ from the typical species in liaving more chambers

and the spines so reduced that they may be merely short, angular

projections on the peripheral margin.

Robulus clericii (Fornasini)

Cristellaria clericii Fornasini, 1895, *
' Cristellaria clericii n. sp.

'
' Bolog-

na, text fig. ; 1901, Acad. Sci. 1st. Bologna, Mem., ser. 5, vol. 9, p. 65,

fig. 17 (in text).

Bobulus clericii (Fornasini), Cushman, 1929, Contr. Cushman Lab.
Foram. Ees., vol. 5, pt. 4, p. 84, pi. 12, figs. 16, 17; Coryell and
Eivero, 1940, Jour. Paleont., vol. 14, No. 4, p. 332, pi. 43, fig. 7.

A single specimen from Sta. i agrees well with the figures

given by Cushman (1929).

Robulus of. R. cultratus Montfort

Eohulus cultratus Montfort (?), 1808, Conch. Syst., vol. 1, p. 214, 54e
genre.

Cristellaria cultrata (Montfort), Jones and Parker, 1876, Ann. Soc.

Malac. Belg., vol. 11, p. 98; Cushman, 1913, U. S. Nat. Mus., BuU.
71, pt. 3, p. 64, pi. 29, fig. 4.

Rare specimens resemble that figured by Cushman (19 13)

from the Pacific. They differ from R. cf. R. rotuJatus by the

possession of a well-developed keel.

Robulus falcifer (Stache)

Cristellaria falcifer Stache, 1864, iVovara-Exped., Geol. Theil, vol. 1, p.

240, pi. 23, fig. 19.

Eohuhis falcifer (Stache), Galloway and Heminway, 1941, New York
Acad. Sci., Sci. Survey Porto Rico and Virgin Islands, vol. 3, pt. 4, p.
349, pi. 12, figs. 5, 6.

Very rare. The specimens resemble that figured by Galloway

and Heminway (1941) from the Ouebradilla formation, lower

Miocene, of Puerto Rico.
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Robulus cf. R. foliatus (Stache)

Bohulus foliata Stache, 18G4, i\/orara-Exped., Geol. Tlieil, vol. 1, pt. 2,

p. 245, pi. 23, fig. 24.

Very rare. Specimens relerred to this species differ from R.

chambersi Garrett^^ in that the sutures are very narrow and not

elevated.

Robulus cf. R. iota (Cushman)

Cristellaria iota Cushman, 1928, U. S. Nat. Mus., Bull. 104, pt. 4, p. Ill,

pi. 29, fig. 2; pi. ;iO, fig. 1.

Bohulus iotus (Cushman), Cushman and Cahill, 1933, U. S. Geol. Survey,

Prof. Paper 175, p. 12, pi. 4, fig. 1.

Rare. The specimens are close coiled with numerous cham-

bers and a broad peripheral keel, resembling the type which came

from 196 fathoms in the northern part of the Gulf of Mexico.

Robulus occidentaiis (Cushman) var. torrida (Cushman)
Cristellaria occidentaiis Cushman var. torrida Cushman, 1923, U. S. Nat.

Mus., Bull. 104, pt. 4, p. 10.5, pi. 25. fig. 1.

Bohulus occideJiialis (Cushman) var. torridus (Cusliman), Cushman and
Jarvis, 1930, Jour. Palecnt., vol. 4, No. 4, p. 357, pi. 32, fig. 8; Gallo-

way and Heminway, 1941, New York Acad. Sci., Sci. Survey Porto
Eico and the Virgin Islands, vol. 3, x^t. 4, p. 349, pi. 12, fig. 4.

Very occasional specimens closely resemble the specimen fig-

ured from Buff Bay (Cushman and Jarvis, 1930).

Robulus rotulatus (Lamarck)

Le7iticuUtes rotulata Lamarck, 1806, Ann. Mus. Hist. Nat., vol. VIII
p. 188, pL 62, fig. 11.

Cristellaria rotulata (Lamarck), Jones and Parker, 1876, Ann. Soc.

Belgique, vol. 11, p. 98; Cushman, 1918, U. S. Nat. Mus., Bull. 103,

p. 60, pi. 22, fig. 1.

Lenticulina rotulata (Lamarck), Tolmachoff, 1934, Ann. Carnegie Mus.,

vol. 23, p. 207, pi. 40, figs. 11-12.

This species has been frequently listed from many horizons in

many parts of the world. Dr. Cushman^^ concluded that the type

is from the Upper Cretaceous and the long list of references un-

doubtedly involves a number of closely related species. In list-

ing this species from the Bowden formation we are following

Tolmachoff ( 1934) in using the name for the form with a small,

biconvex test, periphery sharp but not keeled, chambers not more

2S Garrett, J. B. : Some middle Tertiary smaller Foraminifera from sub-

surface beds of Jefferson County, Texas, Jour. Paleont., vol. 13, No. 6,

1939, p. 576, pi. 65, figs. 8, 9.

29 Cushman, J. A.: Notes on tJie collection of Defranee, Contr. Cush-

man Lab. Foram, Ees., vol. 3, pt. 3, 1927, p. 142, pi. 28, fig. 7.



36 Bulletin 115 36

than nine in the final whorl, sutures almost radial, flushed with

the surface and ending in the umbonal deposit which is also

flush with the general contour of the test. Specimens are occa-

sional in the Bowden material and are of the type assigned to this

species from the middle Tertiary of the Canal Zone (Cushman,

1918).

Robulus cf. R. submamilligerus (Cushman)
CristcUaria mamilligcra Brady 1884, Kept. Voy. Challenger, Zool., vol. 9,

p. 553, pi. 70, figs. 17, 18; Cushman, 1913, U. S. Nat. Mus., Bull. 71,

pt. 3, p. 74, pi. 34, fig. 6a (not 6b which should read 5b)). Not
Karrer.

Cristellaria submamilligera Cushman, 1921, Proc. U. S. Nat. Mus., vol.

51, p. 657; 1921, U. S. Nat. Mus., BiUl. 100, vol. 4, p. 235; 1923,

U. S. Nat. Mus., Bull. 104, pt. 4, p. 109, pi. 28, fig. 3.

Very rare specimens agree quite closely with Brady's figures

(1884).
Genus LENTICULINA Lamarck, 1804

Lenticulina bowdenensis (Cushman)
Cristellaria bowdenensis Cushman, 1919, Carnegie Inst. Washington,
Publ. 291, p. 37, pi. 8, fig. 2.

? Cristellaria aniillea Cushman, 1923, Bull. U S. Nat. Mus., vol., 104,

pt. 4, p. 116, pi. 31, tig. 1; pi. 32, fig. 1; pi. 33, fig. 1; pi. 34, fig. 1.

This handsome species is moderately common in the Bowden

samples. Specimens attain a maximum diameter of 4 mm. The

early chambers are planispirally arranged and the entire test is

strongly compressed. The aperture is peripheral but seldom well

preserved. One perfect specimen, with a maximum diameter of

3.8 mm., has a slightly smaller planispiral portion than the ma-

jority of the specimens and the last two chambers show a definite

tendency toward rectilinear development. The aperture of this

perfect specimen is radiate without a robuline slit.

Specimens of the living Cristellaria antillea Cushman have not

been available for comparison but examination of the description

and figures fails to show any constant characters which may be

used to distinguish it from the Bowden species. The specimen

of C. antillea figured on plate 31, figure i (Bull. 104, pt. 4) has

more inflated chambers and less beading on the sutures ; the other

specimens figured are very similar to Bowden specimens of

L. bowdenensis.
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Genus PLANULINA u'Orbigny, 1826

Planularia woodringi, n. sp. Plate 1, figs. 7a-b

Cristellaria gcmmata Gusliniau, 1919, Carnegie Inst. Wnsliington, Publ.

291, p. 38. Not Brady.

Test large for the genus; compressed, lateral faces almost

parallel ; early chambers closely coiled ; later uncoiled and about

1 1 visible in the adult specimen ; sutures extending obliquely from

the coiled portion and gra/lually separating from it. Sutures

marked b}' rows of beads which become elongated at right angles

to the suture in mature specim.ens. leripliery truncated and

bearing a thin, sharp, narrow median keel and lateral keels. The

latter are formed by the coalescence of elongated sutural beads

and are consequently not uniformly developed on the entire mar-

gin. The keels are frequentl}' weak between the sutures and

seldom present on the earliest chambers. Apertural face flat

to slightly .concave ; aperture radiate and protruding at the outer

peripheral margin. Surface smooth between the sutures.

Length of holot}pe, 2.06 mm.; breadth, 1.27 mm.; maximum
thickness of apertural face, 0.24 mm.
The new species is distinguished from Cristellaria genirnata

Brady"'" by the well-developed median keel and the tendency for

the development of lateral keels in mature specimens. Also the

later chambers of the new species recede regularly from the

coiled portion of the test and the test between the beaded sutures

is smooth.

The living C. gemmata Brady was recortled from 95 to 210

fathoms in the Indo-Pacific.

Holotype.—No. 20041, Paleontological Research Institution.

Palmer Sta. L
Genus ASTACOLUS Montfort, 1808

Astacolus crepidula (Fitchel and Moll)

Nautilus crepidula Fitehel and Moll, 1803, Text. Mier., p. 107, pi. 19,

figs. g-i.

Cristellaria crepidula (Fitehei and Moll), Brady, 18S4, Voy. Challenger,
Z06I., vol. 9, p. 542, pi. 67, figs. 17, 19, 20

;
pi. 68, figs. 1, 2 ; Cushmaji,

1923, V. S. Natl Mus., Bull. 104, pt. 4, p. 117, pi. 35, figs. 3, 4;
Nuttall, 1928, Quart. Jour. Geol. Soc. Lonikni, vol. 84, pt. 1, p. 89.

Rare. Specimens resemble Cushman's figure 3, 1923, cited

30 Brady, H. B.: Kept. Voy. Challenger, Zool., vol. 9, 1884, p. 554, pi.

71, figs. 6, 7.
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above. In the Albatross collections this species was recorded

from 56 to 417 fathoms, rare except at 60 fathoms.

Genus DENTALINA d'Orbigny, 1826

lieiifcalina cf. D. bag'gi Galloway and Wissler

Bentalina baggl Galloway and Wissler, 19li7, Jour. Faleoiit., vol. 1, No.

1, p. 49, pi. 8, figs. 14, 15.

V/ery rare ; incomplete specimens are with some doubt referred

to this species described and figured from the Pleistocene of

California.

Dentalina vertebralis (Batsch)
Nautilus (Orlhoccras) vertebralis Batseli, 1791, Ooncli., Seesaudes, p. 3,

No. 6, pi. ::, lig. 6.

Nodosaria ccrtcuralis (Batsch), Cushmau, 1919, Carnegie lust. Wash-
ington, Publ. -91, p. 25, pi. 7, figs, .j-5 ; Cushman and Jarvis, 1930,

Jour. Paleont., vol. 4, No. 4, p. 360.

Dentalina vertebralis (Batsch), Cushnuui, 1931, Contr. Cushman Lab.

Foram. Res., vol. 7, pt. 3, p. 66, pi. 8, figs. 20, 21; Coryidl and ffivero,

1940, Jour. Piileont., vol. 14, No. 4, p. 327, pi. 42, figs. 1, 3.

Occasional specimens like those figured by Cushman (1919)

have been foand. Specific identification of this species from frag-

mentary specimens would be difficult, as inspection of Cushman's

figures shows. The specimens attain 7.5 mm. in length and the

early chambers are not inflated though the later chambers are

distinctly inflated and the sutures are depressed. Cushman care-

fully searched his material from Rimini for a complete specimen

but failed to find one; the specimen he figured (1931) shows con-

tinuous costa? and noninflated chambers and approximates the

early part of microspheric Bowden specimens.

This species was found in an Albatross collection from 169

fathoms in the north Atlantic.

Genus LAGENONODOSARIA Silvestri, 1900

Lageiionodosaria, sp.

Several fragmentary specimens comprising only two or three

chambers have been found. One type of smooth, oval, well-sepa-

rated chambers recalls L. pyrula (d'Orbigny) ; others have round

only slightly separated and slightly hispid chambers.

Genus SARACENARIA Defrance, 1824

Saracenaria cushmani, n. sp. Plate 1, figs. 5 a-b.

Test small for the genus, triangular in cross section ; early

chambers .closely coiled, final two or three tending to become

rectilinear ; margin sharp but not keeled ; early sutures incon-
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spicuously beaded ; later sutures liinbate and elevated, particularly

near the \entral margin. Aperture radiate and protruding, situ-

ated on the apex of the hnal chamber. Apertural face of hnal

chamber triangular ; lirst rectilinear chamber slightly overhanging

the preceding ; later one receding. Occasional.

Maximum length of holotype, 0.76 mm.
In t)pe of ornamentation this species recalls Cristcllaria suh-

acidcata Cushman var. glabrata Cushman"', Robulus senni Cush-

man and Renz'-,and Robulus vaugliani (Cushman) ^^ but differs

from all of them in that the mature test is definitely triangular in

cross section.

Holotype.—No. 20042, Paleontological Resear,ch Institution.

Palmer Sta. i.

Saracenaria italica Defiance

Haracciiuria italica Defraiiee, 1SJ4, Diet. Sci. Nat., vul. 32, p. 177.

Cristellaria ilalica (Defrajieej, J ones ami Parkier, 1876, Ann. Soc. Mai.
Belg. vol. 11, p. 98; Cusliman, 1919, Carnegie Inst. Washington,
Publ. 291, p. 38; 192:;, U. S. Nat. Mus., Bull. 104, pt. 4, p. 12.5, pi.

35, figs. 2, 5-7.

A single broken specimen was [(nind. Jones and Parker listed

this species from the "Pteropod marl". Cushman did not find it

in his material from Jiov/den.

Genus VAGINULINA d'Orbigny, 1S2G

^'a8:inulina clavata Costa
Va'jiiiaUna clacala Costa, 1855, (1857), Mem. Accad. Sci. Najjoli, vol.

2, I). 145, pi. 2, fig. 18; Cushman and Jarvis, 1930, Jour. Paleont.,

vol. 4, No. 4, p. 359, pi. 32, fig. 12; Palmer and Bermudez, 1936,
Mem. Soc. Cubanu Hist. Nat., vol. 10, No. 5, p. 277, pi. 17, figs. 3, 4.

Rare specimens closel}' resemble the specimen from Bufif Bay
figured 1>y Cushman and Jarvis.

Vaginulina? cf. V. peregrina Cushman
Vaginulina peregrina Cushman, 1923, U. S. Nat. Mus., Bull. 104, pt. 4,

p. 134, pi. 39, fig. 5.

Nodosaria communis d'Orbigny, Cushman, 1923, U. S. Nat. Mus. Bull.

104, pt. 4, p. 75, pi. 12, fig. 4 '

' compressed or vaginuline form '
' after

Heron-Allen and Earland.

Very rare. The s[)ecimen closel}- resembles tlie original figure

•'1 Cushman, J. A.: Fuiair.inijera of Ihc Atlantic Ocean, U. S. Nat.
Mus., Bull. 104, pt. 4, 1923, p. 124, pi. 32, fig. 4.

3^ Cushman, J. A., and IJenz, H. H.: Neiv Oligoceiu-Miocene Foramin-
ifera from Venezuela, Contr. OMshman Lab. Foram. Res., vol. 17, pt. 1,

1941, p. 12, pi. 2, ;igs. 14, 15.

"^ Cushman, J. A., and Ponton, G. M. : The Foraminifera of the upper,
middle and part of the lower Miocene of Flarida, Florida State Geol. Sur-

vey, Bull. No. 9, 1932, p. 59, pi. 8, figs. 5-10.
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but is a microspheric form with more chambers. The dorsal

margin is slightly more lobate and curved than that of the com-

pressed or vaginuline form of Nodosaria communis cited above.

Genus FRONDICULAUIA Defrance, 1826

Froiidicularia fsagittula Van den Broeck

Fidiidicularia alata d'Orbigny var. sagittula Van den Bvoeck, 1876, Ann.

But. Belg. Micr., vol. 2, p. 113, pi. 2, figs. 12, 14.

Frondicuiaria sagitmla Van den Broeck, Cushman, 1923, U. S. Nat. Mus.,

Bull. 104, pt. 4, p. 143, pi. 21, fig. 2; Cushman, 1943, Gontr. Cushman
Lab. Foram. lies., vol. 19, pt. 2, p. 25, pi. 5, pi. 6, figs. 1-3.

FroiWicnlaria alata d'Orbigny, Cushman, 1918, Carnegie Inst. Washing-

t.i;, 1\.ij1. 291, p. 36, pi. S, fig. 1.

in spite of their fragile tests specimens are occasional in the

material examined. I'he specimens vary greatly in outline. Both

megalospheric and microspheric forms are present (the former

being the niore abundant), and they closely resemble the speci-

mens from off Puerto Rico figured by Cushman (1943). A
biuken specimen .closel}' resembling the Bowden specimen figured

by Cushman (1918) has a maximum diameter of 4 mm.

The species and its variety are reported in the Caribbean area

between 37 and 399 fathoms.

Genus LAGENA Walker and Jacob, 1789

Lagena hexagona (Williamson) var. scalariformis (Williamson)

Entosolenia aquamosa (Montagu) var. scalariformis Williamson, 1858,

Eecent Foraminifera of Great Britain, p. 13, pi. 1, fig. 30.

Lagena hcxagona (Williamson) var. scalariformis (Williamson), Cusli-

man, 1913, U. S. Nat. Mus., Bull. 71, pt. 3, p. 17, pi. 6, fig. 4; Cushman
and Cahill, 1933, U. S. Geol. Survey, Prof. Paper 175, p. 15, pi, 5,

fig. 9 (references) ; Pabner and Bermudez, 1936, Mem. Soc. Gubana
Hist. Nat, vol. 9, No. 4, p. 239.

Very rare.

Lagena cf. L. marginata (Walker and Boys)

Serpula {Lagena) marginata Walker and Boys, 1784, Test. Min., p. 2,

pi. 1, fig. 7.

Lagena marginata (Walker and Boys), Brady, 1884, Rept. Voy. Chal-

lenger, Zool., vol. 9, p. 476, pi. 59, figs. 21-23.

Small, very rare specimens.

Lagena marginato-perforata Seguenza

Lagena marginato-perforata Segiieuza, 1880, Atti. Accad. Lincei, ser. 3,

vol. 6. p. 332, pi. 17, fig. 34; Heron-Allen and Earlaud, 1915, Trans.
Zool. Soc. London, vol. 20, p. 663, pi. 50, figs. 24-30; Palmer and
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Beniiudcz, 1936, Moiii. Soc. Cii])jiiia Hist. NmI., vol. 9, No. 4, p. 2:',9,

pi. 20, fig. 14.

Rare. The specimens resemble those from the late Tertiary of

the Canimar River region, Cuba (Palmer anrl Ilermudez, 1936) ;

they differ from the specimen figured as L. cf. marginato-perfor-

ata (Seguenza) from the Yorktown formation of Virginia^* in

having a well-developed keel.

Family POLYMORPHINID^
Genus GUTTULINA d'Orbigny, 1839

Giittulina cf. lactea (Montagu) var. earlandi Cushman and Ozawa

Gutiulwa lactra (Montagu) vnr. earlandi Gushman and Ozawa, 1930,

U. S. Nat. Mus.. Proc, vol. 77, art. 6, p. 4.^, pi. 10, fig. 5; Cushman,
1930, Florida Geol. Survey, Bull. 4, p. 34, pi. 5, fig. 19.

A single specimen resembles the Florida Miocene specimen

figured b}- Cushman ( 1930) in general form. It does not appear

to have been attached as was the type.

Genus RAPHANULINA Zborzewski, 1834

Raphanulina ?ribba (d'Orbigny)''^

GloVnliva aihba. <1 'OrldoDy. 1826, Ann. Sci. Nat., vol. 7, p. 266, No. 10,

Modeles. No. 63 ; 1846. Porani. Foss. Bass. Tert. Vienne, p. 227, pi. 13,

figs. 13, 14; Cushman and Ozawa, 1930, U. S. Nat. Mus., Proc, vol. 77,

art. 6, p. 60, pi. 16. Hj;t:. 1-4; Cushman, 1930, Florida Geol. Survey,

Bull. 4, p. 33, pi. 5, fig. 21.

Polyrnorphina riihl>a (d'Orbigny), Nuttall, 1928, Quart. Jour. Geol.

Soc. Lon.lon, vol. 84, pt. 1, p. 92.

Occasional specimens are similar to that figured by Cushman

(1930) from, the Choctawhatchee Miocene of Florida.

Genus RAMULINA Rupert Jones, 1875

Ramulina globulifera Brady

Samidina glo'!)vMfera Brady, 1879, Quart. Jour. Mier. Sci. vol. 19, p. 58,

pi. S, figs. 32, 33 : 1884, Eopt. Voy. CJiaUenger, ZooL, vol. 9, p. 587, pi.

76. figs. 22-28; Flint, 1897 (1899), Eept. U. S. Naf. Mus., p. 321, pi.

68, fig. 6.

Very rare; nearly gloliular chambers with as man\- as six

tubular apertures resem1)le chaml^ers of tlic form figured by

Flint (1897).

"I Cushman, J. A., and C;diill, K. D. : Miocene Fnramiiiifera of the

Coastal plain of th.e eastern United, States. U. S. Geol. Survey. Prnf.

Paper 175, 1933, p. 17, pi. 5, fig. 15.
•''•''' For the use nf I'aphanuUna in jdaee of OlohuUna, see Galloway, J. J.,

and Reniinway. Caroline K.: The Tertia.ry Fcrawinifera or Porto Eico,

New Yoik Acad. Sci., Sci. Survey Porto Rico and the Virgin Islands, vol.

3, pt. 4, 1941, ji. 355, footnote.
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Family NONIONID^
Genus NONION Montfort, 1808

Nonicni ifrati'loupii (d'Orbigny)

Novwniva (jratrlrnqni d'Orbigny, 1826, Ann. Sci. Nat., vol. 7, p. 294,

No. 19; is;i9, in De la Sngra. Hist. Phys., Pol., Nat. Cuba, "Poramin-
iferos", p. 46, pi. 6. figs. G, 7; Ciishniuii, 1919, Gariiegio Inst. Wash-
ington, Publ. :.'91, p. 48.

Nnnion nrntcloupii (d'Orbigny), Cnshnian, 19;!0, Florida Geol. Survey,

Bull. 4, p. 36, pi. 6. figs. 1-3; Cusliman and Ponton, 1932, Florida

Geol. Survey, Bull. 9. p. 68; Cushman and Cahill, 198.'], U. S. Geol.

Survey, Prof. Paper 175, p. 20, pi. 7, fig. 1 ; Palmer, 1940, Mem. Soc.

Cubaiia Hist. Nat., vol. 14, No. 4, p. 289.

Occasional. The specimens agree well with the type figures of

a specimen from the shore sands of Cuba.

Nonion nicobarense Cushman

Nonion nicoharrnid-H Cuslunan, 19.'!(i, Oontr. Cusliman Lab. Foram. Res.,

vol. 12, ))t. ;;, p. 67, ])1. 12, fig. 9.

Nonion nicobarense Cusliman, 1939, U. S. Geol. Survey, Prof. Paper 191,

p. 17, pi. 4, fig. 16.

A single specimen from Sta. i.

Nonion pompilioides (Fichtel and Moll)

Nautilus pompilioides Fichtel and Moll, 1799, T^st. Micro, p. 31, pi. 2,

figs. a-c.

Nonion pompilioides (Fichtel and Moll). C\ishman 1930, U. S. Nat. Mus.,

Bull. 104, pt. 7, p. 4, pi. 1, fig. 10; Coryell and Rivero, 1940, Jour.
Paleont., vol. 14, No. 4, i). 333 : Galloway and Heminwsy, 1941, New
York Acad. Sci., Sci. Survey Porto Rico and Virgin Islands, vol. 3,

pt, 4, p. 357, pi. 14, fig. 1.

Occasional specimens with about lo chambers in the final

whorls, are conspicuously umbilicate and are only moderate-

ly broad in proportion to the diameter. These specimens are of

the type v/hich have been referred to A'". umbiUcatula (Monta-

gu)-^^ but more recently referred to N. pompilioides (Fichtel and

Moll) (see Cushman, 1930, fig. 10 cited above).

Genus ASTRONONION Cushman and Edwards, 1937

Astrononion cf. A. stoUiiverum (d'Orbigny) Plate 1, figs. 8 a-b.

Nonionina .stelligera d'Orbigny, 1839, in Barker-Webb and Berthelot,
Hist. Nat. lies Canaries, vol. 2, pt. 2, Foraminiferes, p. 128, pi. 3, figs.

1, w.

Nonion cf. stellicjerum (d'Orbigny), Palmer, and Bermudez, 1936, Mem.
Soc. Cuban a Hist. Nat., vol. 9, No. 4, p. 239.

3« Cushman, J. A.: Monograph of flw Foraminifera of the north Pa-
cific Ocean, TI. S. Nat. Mus., Bull. 71, pt. TV, 1914, p. 24, pi. 17, fig. 1.
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Astrononion stelligerum (d'Orbigny), Ciishniaii and Edwards, liVr,!

,

Contr. Cushman Lab. Forani. Res., vol. 13, pt. 1. p. ?,\. pi. ", fig. 7;

Cushman, 1939, U. S. Geol. Survey, Prof. Paper 191, p. 3G. pi. 10, fig. 1.

A few specimens are very doubtfully referred to this species.

They differ from the original fissures in being- slightly less com-

pressed and in having ver\- short, inconspicuous supplementary

chambers. Maximum diameter of figured specimen, 0.6 mm.

Similar specimens are abundant in the late Tertiary of the

Canimar River region, Cuba, (Palmer and Bermudez, 1936) and

are very rare in the shallow water along the coast of Cuba.

Figured specimen.—No. 20049, I'aleontological Research In-

stitution. Palmer Sta. i.

Genus ELPHIDIUM Montfort, 1808

Elphidium advena (Cushman)

Polyfitomella suhnodosa Biady, 1884. l?p])t. Voy. ChaUnuier, Zool, vol. 9,

p'. 734, pi. 110, fig. 1. Not Von Miinstpr.

Polystomella advena Cushniiui, 1922, Carnegie Inst. Vv'^ashington, Publ.

311, p. 356, pi. 9, figs. 11, 12.

FAphidium- advniuw (Cushman), Cushman, 1930, U. S. Nat. Mus.,

Bull. 104, pt. 7, ]). 25, pi. 10, figs. 1, 2; Palmer and Bermudez, 1936,

Mem. Soc. Cubana Hist. Nat., vol. 9, pt. 4, p. 239; Cushman, 1939,

IT. S. Geol. Survey, Prof. Paper 191, p. 60, pi. 16, figs. 31-35.

Test medium sized, compressed, biconvex
;

periphery acute,

slightly lobate ; umbilical region with a small knob of clear shell

ni.aterial in which there are several puncta, not projecting above

tlie general contour cf the test; sutiires gently depressed, almost

radial ; retral processes small and confined to the sutural de-

j.ressions; o-io chambers in the final Avhorl ; wall translucent,

very finely perforate. Aperture seldom well preserved; appar-

ently at the base of the final cliaml)er. Average diameter,

0.58 mm.
This is the most .common s])ecies of the genus in the Bowden

samples. The specimens are very similar to the tyi^e of the spec-

ies figured b}- Brad\ ; tiie} have a more conspicuous umbilical

knob than Cushman's Tortugas specimen and fewer chambers

and a less conspicuous keel than Ifis Pacific s[)eclmens (i939)

pl. t6).
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Elpliidium fimbrir.tiilum (Cushman)

PolyHtomeUa fimbriatyla Cushman, 1918, U. S. Geol. Survey, Bull. 876,

p. 20, pi. 8, fig. 5.

FJph.idiutn fimbriatnhim (Cushman), Cole, 1931, Florida Geol. Sur-

vey, Bull. 6. p. 33, pi. 4, fig. 7; Cushman and Ponton, 1932, Florida

Geol. Survey, Bull. 9, p. 79, pi. 11, fig. 2; Cushman, 1939, U. S. Gool.

Survey, Prof. Paper 191, p. 47, pi. 12, fig. 13.

Specimens are moderately common and agree well with the

figure given by Cushman (1939).

Elphldiiim lanieri (d'Orbigny)

PolyfttovifUa lanicri d'Orbigny, 1839, in De la Sagra, Hist. Phys., Pol.,

Nat. Cuba, '

' Foraminiferes ", p. 54, pi. 7, figs. 12, 13; Cushman, 1919,

Carnegie Inst. Washington, Publ. £91, i).
49.

ElpMdium lanieri (d'Orbign)^), Cushman, 1939, U. S. Geo]. Survey,
Prof. Paper 191, p. 55, fig. 4; Galloway ami Heminway, 1941, New
York Acad. Sci.. Sei. Survey Porto Eieo and Virgin Islands, vol. 3, pt.

4, p. 360, pi. 14,' fig. 7.

Rare specimens agree ,closely with thic original figure. The

species is distinguished from E. sof/ra (d'Orbigny) by its angular,

not rounded, peripheral margin. It has been noted that in col-

lections from the shore sands of Cuba, type area for both species,

the two species appear to intergrade.

Elphidium poey^num (d'Orbigny)
Pohfstomella poeyana d'Orbigny, 1839, in De la Sagra, Hist. Phys., Pol.

Nat. Cuba, "Foraminiferes"', p. 55, pi. 6, figs. 25, 26.

Elphidium poeyonzim (d'Orbigny), Cushman, 1939, U. S. Geol. Survey,
Prof. Paper 191, p. 54, pi. 14, figs. 25, 26 (references).

Rare. The specimens are small but closely resemble the fig-

ures given by Cushman (1939) and immature specimens collected

on the coast of Cuba.

Family PENEROPLID^
Genus Archaias Montfort, 1808

Archaias adimcus (Fichtel and Moll)
Nautilus advncv.? Fichtcl and Moll, 1803, Test. Micr. p. 115, pi. 23,

figs. a-e.

OrhicvHna adunca (Fichtel and Moll), d'Orbigny, 1839, in Do la Sagra,
Hist. Phys., Pol., Nat. Cuba "Foramiriferes", p. 64, pi. S, ficrs. 10,
11. 14, 15, 16 (not 8, 9, 12).

Archaias angulaivs (Fichtel and Moll), Cushman, 1930 U S Nat Mus.
Bull. 104, pt. 7, p. 46, pi. 16; pi. 17, figs. 3-5.

Archaias aduncus (Fichtel and Moll), Galloway and Heminway, 1941,
New York Acad. Sci., ScJ. Survey Porto Rico "and Virgin Islands, vol.

3, pt. 4, p. 317, pi. 5, fig. 8.
^

Very rare and poorly preserved specimens have been referred

to this species. A. aduncus is .characterized by a large, flabelli-

form test. The specimens which are also flabelliform in outline
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when fully developed but ase conspicuous!)' inflated in the early

portion have been referred to J. angulatus by sorne authors.

These are believed to be the rnegalospheric form of this species.

A. aduncus is common in the West Indies. Cushman (1930)

considered it a synonym of J. aiigulatus (Fichtel and Moll)

which he recorded down to 514 fathoms, abundant from 2 'o 20

fathoms.

Genus SORITES Ehrenberg, 1840

Sorites, sp.

Several fragments of Sorites, sp. are of the type figured by

Cushman and Ponton'" from the Chipola marl of Florida.

Family HETEROHELICIDiE

Genus BOLiVINELLA Cushman, 1927

Bolivinella folium (Parker and Jones)

Textularia aaghiMnans d 'Orbiarnv var. folium Parker and Jones, 1865,

Philos. Trans. Poy. Soc, vol." 155, pp. 370, 420, pi. IS, fig. 19.

Textularia folium Parker and Jones, Brady, 1884, Eept. Voy. Challenger,

ZooL, vol. 9, p. 357, pi. 42, figs. 1. 2 (not 3-5).

Bolivinella folia (Parker and Jones), Parr, 1932, Roy. Soc. Victoria,

Proc, vol. 44, pt. 2, p. 223, pi. 21, fig. 23.

Bolivinella folia (Parker and Jones) var. ornala Cusliman, 1929, Contr.

Cushman Lab Foram. Ees., vol. 5, pt. 2, p. 32, pi. 5, figs. 3, 4.

Two poorly preserved specimens .closely resemble the original

figures of the var. oniafa Cushman w^hich Parr (1932) found to be

the typical form of the species. These specimens have raised

sutures broken into beads which a!-e sometimes elongated at right

angles to the direction of the suture. The type of this species is

from the shore sand of Hardwicke Ba}', South Australia.

Genus PLECTOFRONDICULARIA Liebus, 1903

Plectofrondicularia floridana Cushman

Plectofrondicnlariafloridana Cushman, 1930, Florida Geo!. Survey, Bull.

4, p. 41, pi. 8, fig. 1.

A single specimen agrees closely with the original figure of this

species except that it possesses two basal costse instead of one and

these are somewhat longer than the typical. The test increases

in breadth more rapidly than does that of P. californica Cushman

and Stewart^^.

37 Cushman, J. A., and Ponton, G. M.: Foraminifera of the upper,

middle and part of the lower Miocene of Florida, Florida State Geol.

Survey, Bull. 9, 1932, p. 72, pi. 17, figs. 1-8.

38 Cushman, J. A., and Stewart, R. E.: Contr. Cushman Lab. Foram.

Res., vol. 2, pt. 2, 1926, p. 39, pi. 6, figs. 9-11.
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Family BULIMINIl)^

Genus BULIMINELLA Cushman, 191.1

Buliminella pulchra Tolmachoff
BuliinincUa pulchra Tolmfcl'.off, 19.^4, C;!nn'-ie Musonm Auuals, vol. 2'^,

p. ;;U5, pi. XL, fig. 28.

A single specimen from Sta. i.

Genus BULIMINA d'Orbigny, 1826

Pulimina m;irs"Jnata d'Orbigny
Bulimina inaiu/inata il 'Orbignv, 1826, Ai\u. 8oi. Nat. vol. 7, p. 269, pi.

12, fij.vs. 10-i2 ; Cuslunan, 1922, U. S. Nat. Mas., Bull. 104, pt. 3, p. 91,

pi. 2l', figs. 4, 5; Cole, 1931, Florida GqoI. Survey. Bull. 6, p. 39; Cush-

man and Ponton, 1932, Florida Geol. Bull. 9, ]). 77, pi. 11, fig. 12;

Coryell and Rivero, 1940, Jour. Paleont., vol. 14, No. 4, ]>. 341.

Very rare and not well preserved. The specimens are similar

to that figured by Cushman and Ponton (1932) from the Mio-

cene of Florida.

Bulimina cf. B. ovata d'Orbigny

Bulimina orata d'Orbigny, 1846, Forani. Foss. Bnssii\ Tt'vt. Vienne, p.

185, pi. 11, figs. 13, 14; Jones and Parker, 1876, Ann. Soc. Mai.
Belg., vol. 11, p. 98; Brady 1884, f'er). Voy. Challcnaer, ZooL, vol.

9, p. 400, pi. 50, fig. 13; Cushman, 1922, U." S. Nat. Mus., Bull. 104,

pt. 3, p. 109, pi. 21, fig. 3.

Ver)' rare specimens are simila]- to the one ligured by Cush-

man (1922) from an .ilbatross station in the Atlantic.

Genus VIRGULINA d'Orbigny, 1826

Virgulina mcxicana Cushman

Virgulina mexicana Cuslinian, 1922, U. S. Nat. Mus., Bull. 104, pt. 3,

p. 120, pi. 23, fig. 8; 1932, Cont. Cushman Lab. Foram. Ees., vol. 8,

p. 15, pi. 2. fig. 13 ; 1937, Cushman Lab. Forani. Res., Special Publ.

9, p. 29, pi. 5, fig. 4.

Several specimens closely resemble the original figure of this

species which came from the Gulf of Mexico in 347 fathoms.

Virgulina punctata d'Orbigny

Virgulina punctata d'Orbigny, 1839, in De la Sagr.i, Hist. Phys., Pol.,
Nat, Cuba, "Foraminiferes", p. 139, p]. 1, figs. 35, 36; Cushman,
1919, Carnegie Inst. Washington, Publ. 291, p. 35; Cushman and Pon-
ton, 1932, Florida Geol. Survey, Bull. 9, p. 79; Cushman and Cahill,
1933, U. S. Geol. Survey, Prof. Paper 175, p. 25, pi. 8, fig. 8; Cush-
man, 1937, Cushman Lab. Foram. Ees., Spec. Publ. No. 9, p. 23, pi.

3, figs. 25-27.

Specimens are occasional and variable in respect to number of

pairs of chambers and degree of inflation of the test. The spec-

imens are of tlie type figured by Cushman ami Cahill (1933) from
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tlie Choctawhatchee fonnaticni of Florida.

Genus BOLIVINA d'Orbigny, 1839

Eolivina alata (Seguenza)
Vuliulina iiJafa Seguenza, 1862, Atti Acead. Gioeuia Sci. Nat., scr. 2,

vol. 18, p. 115, pi. 2, %. r>.

BoUvina alata (Sc^guenza), Cuahman, 19.">7, Cushniau Lab. Forani. Res.,

Spec. Publ. No. 9, p. 106, pi. 13, figs. 8-11 (references).

Occasional. The specimens resemble Cushman's figure (19.37,

fig. 11) of a specimen from the western Atlantic. The species

was found in the Albatross /Atlantic samples from 58 to 818 fath-

oms. ^

BoUvina arta Macfadyen
BoUvina aria Macfadyen, 19;!0 (19:!!), Geo!. Survey Egypt, p. 58, pi. 4,

fig. 21 ; Cushman, 19.'i7. Cushman Lab. Poram. Res., Spec. Publ. No.

9, p. 79. pi. 9, figs. 2.3-26; Coryell and Rivero, 1940, Jour. Paleont.,

vol. 14, No. 4, p. 341, pi. 44, fig. 18.

Occasional specimens agree closely with that figured by Cor-

yell and Rivero (1940).

Bolivina bierigi Palmer and Bermudez
BoUvina bieriai Palmer and Bermudez, 1936, Mem. Soc. Gubana Hist.

Nat., vol. 9,' No. 4, p. 248, pi 20, figs. 5, 6.

Very rare. This small but distinctive species was described

from the late Tertiary of the Matanzas Bay region, Cuba.

Bolivina marginata Cushman var. multicostata Cushman
BoUvina acnaricnMs (Costa) var. multicostata Cushman, 1918, U. S.

Geol. Survey, Bull. 676, p. 48, pi. 10, fig. 2.

BoUvina warginata Cushman var. multicostata Cushman, 1930, Florida

Geol. Survey, Bull. 4, p. 46, pi 8, figs. 13, 14.

Occasional. The specimens are smooth except at the apex,

closely resembling the specimens figured h\ Cushman (pi. 18,

fig. 13) from the Choctawatchee formation.

Bolivina pulchella (d'Orbigny)
Sagriva pvlchclla d'Orbigny, 1839, in De la Sagra, Hist. Phys., Pol.,

iSTat. Cuba " ForaminifSres" p. 150, pi. 1, figs. 23, 24.

BoUvina pulchella (d'Orbigny), Cushman, 1937, Cushman Lab. Foram.
Res., Spec. Publ. No. 9, p. 151, pi. 15, figs. 9-11 (references).

Very rare. The species has been well illustrated by Cushman

(1937)-
Bolivina rhomboidalis (Millett)

Textularia rhomboidalis Millett, 1899, Jour. Roy. Micro. Soc, p. 559, pi.

7, fig. 4.

Bolivina rhomboidalis (Millett), Cushman, 1922, Carnegie Inst. Washing-
ton, Publ. 311, p. 28; Bermudez, 1935, Mem. Soc. Cubana Hist Nat.,
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vol. 9, No. ?,, p. 194; Palmer and Beimudez, 19o6, Mem. Soc. Cubanu
Hist. Nat., vol. 9. No. 1, p. 240; Cushmaii, 19;J7, Cushman Lab.

Foram. Res., Spec. Publ. 9, p. 138, pi. 18, fig. 7.

Specimens are rare. They are similar to those from the late

Tertiary of the Canimar River region, Cuba.

BoHvina scaJprata Schwager var. mf.occnica Macfadyen
Plate 1, figs. 2 a-b.

Bolivino, scalprata Scbwager var. miocrnica Macfadyen, 1931, Miocene
Foraminifera from the Clysmic area of Egypt and Sinai, Gcol. Survey
of Egypt.

Bolivina hyramensis Coryell .and Rivero, 1940, Jour. Paleont., vol. 14,

No. 4, p. 341, pi. 44, fig. 17. Not Cushman.

Very 7-are. This species differs from B. yocsii Cushman^^ liv-

ing in the Caribbean in its larger size, liml)ate sutures and the

slightly elevated median suture.

Figured specimen.—No. 20051, Paleontological Research In-

stitution. Palmer Sta. i.

Goiivsna subBeHariensis Cushman var. mexjcana Cusliman
Bolivina suhaniaricnsis Cusliman var. mexicana Cushman, 1922, tJ. S.

Nat. Mua., Bull. 104, pt. 3, p. 47. pi. 8, fi-. 1.

Rar#. The specimens closely resemble the figure of the type

vi'hich came from an Albatross station in 200 fathoms in the

northern part of the Gulf of Mexico.

Bolivina tortuosa Brady
Bolivina tortuosa Brady, 1881, Quart. Joui'. Micr. Soc, vol. 21, p. 57;

1884, Eept. Voy. Challenger, Z06I., vol. 9, p. 420, pi. 52, figs. 31, 32;
Bermudez, 193-5, Mem. Soc. Cubana Hbt. Nat., vol. 9, No. 3, p. 195;
Cushman 1937, Cushman Lab. Foram. Res., Spec. Publ. No. 9, p. 133,

))]. 17, figs. 11-19 (reference!?).

Very occasional. The specimens are less compressed than the

Pacific representatives of the species and approximate the speci-

men from the east coast of South America figured by Cushman

(1937, pi. 17, fig. 18).

Genus LO^XOSTOMUM Ehrenberg, 1854

Loxostomum limbatum (Brady) var. costulata (Cushman)'o

39 Cushman, J. A.: The Foraminifera of the Atlantic Ocean, U. S. Nat.
Mus., Bull. 104, pt. 3, p. 34, pi. 6, fig. 5.

4" The form first used for this genus is Loxostomum. See Macfadyen,
W. A. and Kenny, E. J. Andre, On the correct writing in form and gcndc:
of the names of the Foraminifera, Jour. R. Micr. Soc, 1934. vol. LTV, p.
180.

Note: Varietal names are regarded by the author as feminine in accord-
ance with Macfadj'en and Kenny's opinions

—

Eds.
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Bolivina iimhala (Bnuly) var. cosiulaia Cusliinan, 1922, Carnegie Inst.

Washington, Publ. 311, p. 26, pi. 3, fig. 8.

Loxostoina limbata (Brady) var. cosiulaia (CusLiman), Palmer and
Bermudez, 1935, Mem. Soc. Cubana Hist. Nat., vol. 9, No. 4, p. 248;
'Jushman, 1937, Cushman Lab. Foram. Kes., Spec. Publ. 9, p. 187, pi.

21, tigs. 30, 31.

Rare and not well developed. The specimens agree well with

the type ligure.

Genus REUSSELLA Galloway, 1933

Reussella spinulosa (Reuss)
VerneuUina npinulosa Ueuss, 1850, Donksclir. Akad. Wiss. Wien, vol. 1,

p. 374, pi. 47, fig. 12; Brady, 1884, Kept. Voy. Challenger, Zool., vol.

9, p. 384, pi. 47, figs. 1-3 ; Cushman, 1919, Carnegie Inst. Washing-
ton, Publ. 291, p. 34 (marl, Yuniuri Gorge, Matanzas, Cuba).

Reussella spinulosa (iieuss), Bermudez, 1935, Mem. Soc. Cubana Hist.

Nat., vol. 9, No. 3, p. 197; Palmer and Bermudez, 1936, Mem. Soc.

Cubana Hist. Nat., vol. 9, No. 4, p. 240.

Specimens are rare and small. The spines on the peripheral

angles are short as illustrated by Brady (1884, fig. i).

Reussella spinulosa (Reuss) var.

Reussella spinulosa (Eeuss) var. Cushman and Ponton, 1932, Florida

Geol. Survey, Bull. 9, p. 84, pi. 12, fig. 15.

The Bowden specimens agree with the figure of the above cited

variety from the Choctawhatchee Miocene of Florida which

differs from the typical species in having more closely appressed

chambers and only slightly developed peripheral spines. The

variety is more common than the typical species at Bowden. It

does not have as many chambers nor the complete absence of

spines indicated by tlie specimen from Los Puertos formation,

Puerto Rico, figured as R. glahrata (Cushman) by Galloway and

Heminway.*^
Genus PAVONINA d'Orbigny, 1826

Pavonina miocenica Cushman and Ponton

Pavonvna miocenica Cushman and Ponton, 1932, Florida Geol. Survey,
Bull. 9, p. 73, pi. 12, fig. 19.

A single specimen of this distinctive species was found at

Palmer Sta. i.

Genus UVIGERINA d'Orbigny, 1826

Uvigerina charltonae, n. sp. Plate 1, figs. 3 a-b.

Test moderately large, stout, maximum diameter about mid-

41 Galloway, J. J., and Heminway, C. E.: The Tertiary Foramiinifera

of Porto Bico, New York Acad. Sci., Sci. Survey Porto Rico and the Vir-

gin Islands, vol. 3, pt. 4, 1941, p. 423, pi. 31, fig. 8.
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die ; bluntly pointed in microspheric form, rounded in megalo-

spheric form. The test has a tendency to be triangular in cross

section, particularly in the early portion, and immature speci-

mens look like stout A.nyulogerina with rounded angles. Sutures

depressed, .chambers slightly inflated ; surface covered with nu-

merous sharp, closel}- set costae which may l^e continuous over

more than one chamber. Aperture with a vei"y short rieck set

in a depression in the final chamber. Very rare at Bowden.

Holotvpe, microspheric form, maximum length, 0.7 mm. ; max-

imum breadth, 0.4 mm.
This species is close to U. peregrlna Cushman^- from which

it differs in the marked tendency toward a triangular cross section,

less sharply depressed sutures and consecpiently less inflated

chamber, and more numerous costae which may be continuous

over more than one chamber. It appears from the figure that

the form listed by Coryell and Rivero"*^ as U. peregrina may be

this species.

U. rutila Cushman and TodcH* has a similar tendency toward a

rounded, triangular cross section but the new species has coarser,

more numerous costae which may not be limited to a single cham-

ber.

Holotype.—No. 20043, Paleontological Research Institution.

Palmer Sta. i.

Specimens figured as U. cf. pigmea d'Orbigny from the Flor-

ida Miocene show a closer relation to the new species than to U.

pigmea. Concerning these specimens Cushman made the follow-

ing statement, "The four specimens figured show somewhat of

the range of variation in the species of the Choctawhatchee marl

which may be referred tentativel)^ to this species of d'Orbigny.

It is unlike any of the recent material now living off the coast.

The Uvigerinas are so variable and in such a state of chaos that

reference to type material with large series must be made before

42 Cushman, J. A.: Foraminifera of the Atlantic Ocean, U. S. Nat.
Mus. Bull. 104, pt. 4, 1923, p. 166, pi. 4ii, figs. 7-10.

43 Coryell, H. N., and Eivero, F. C. : A Miocene microfauna of Haiti,
Jour. Paleont., vol. 14, No. 4, 1940, p. ,'543, pi. 44, fig. 19.

44 Cuslinian, J. A., and Todd, Ruth: Notes un the species of the Uviger-
ina and Angulogerina described from the Pliocene and Pleistocene, Contr.
Cushman Lab. Foram. Ees., vol. 17, pt. 3, 1941, p. 78, pi. 20, figs. 16-22.
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very intellit^eiit work can be done in straij^htening out this

group."'*^

Uvigerina coartata Palmer

Vvigerina compressa Palmer, 1941, Mem. Hoc. Cubana Hist. Nat., vol.

15, No. 2, p. 182, pi. 15, fig. 10, 11. Not Cusiiman, 1925.

Uvigerina coariata Palmer (new name), 1941, Mem. Soc. Cubana Hist.

Nat., vol. 15, No. 3, p. 304.

Very occasional. The Eowden specimens are generally a bit

more inflated in the earl_\ portion than the type from the Cojimar

formation, upper Oligocene of Cuba.

Uvigerina pigmea d'Orbigny

Uvigerina pigmea d'Orbigny, 1826, Ann. Sci. Nat., vol. 7, p. 269, pi.

12, figs. 8, 9; Galloway and Morrey, 1929, Bull. Amer. Paleont., vol.

15, No. 55, p. 39, pi. 6, fig. 5; Gusliman, 1930, Contr. Cusiiman Lab.
Foram. Ees., vol. 6, pt. 3, p. 62, pi. 9, figs. 14-20; Hadley, 1934, Bull.

Amer. Paleont., vol. 20, No. 70A, p. 19, pi. 2, fig. 16; Coryell and
Eivero, 1940, Jour. Paleont., vol. 14, No. 4, p. 343, pi. 44, fig. 20;
Palmer, 1941, Mem. Soc. Cubana Hist. Nat., vol. 15, No. 2, p. 183.

Very rare. Specimens agree closely with the figures by Cush-

man ( 1930)

.

Uvigerina cf. U. selseyensis Heron-Allen and Earland

Uvigerina f;eheycnsis Heron-Allen and Earland, 1909, Jour. Eoy. Micro.

See., p. 437, pi. 18, figs. 1-3; Berniudez, 1935, Mem. Soc. Cubana Hist.

Nat., vol. 9, No. 3, p. 198; Palmer, 1941, Mem. Soc. Cubana Hist.

Nat., vol. 15, No. 2, p. 184.

Very rare, small specimens are provisionally referred to tliis

species which Bermudez found living off the north coast of Cuba.

The specimens differ from U. occidentalis Cushman*^ described

from the Tortugas area, Florida, in lacking longitudinal costee.

They differ from the type in being shorter with fewer triangular

chambers.

Uvigerina proboscidea Schwager var. vadescens Cushman
Uvigerina prnhoseidea Schwager var. vadescens Cushman, 1933, Contr.

Cushman Lab. Foram. Res., vol. 9, p. 85, pi. 8, figs. 14, 15; Cushman,
1942, U. S. Nat. Mus., Bull. 161, pt. 3, p. 50, pi. 14, figs. 5-9.

Small specimens of Uvigerina closel)' resembling the type fig-

ures of Pacific specimens (especially fig. 14) are fairly common
in the Rowden material. The small apical spine described as

I" Cushman, J. A. : The Foraminifera of the ('lioctawhatchee forma-
tion of Florida, Florida State Geol. Survey, Bull. 4, 1930, p. 49, pi. 9,

figs. 3-6.

<c Cushman, J. A.: Foraminifera of tlic Atlantic Ocean, U. S. Nat.
Mus., Bull. 104, pt. 4, Lagenidse, 1923, p. 169.
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characteristic of this variety is not well developed on Bowden

specimens. The specimens identified as this variety differ from

the forms figured as [/. ampuUacea by Brady*' in having more

nearly uniform diameters throughout. They differ from the spec-

imens referred to U. auberiana d'Orbigny"^^ in the Florida Mio-

cene in being less conspicuously hispid and more uniform in di-

ameter. Neither the Bowden nor the Florida Miocene specimens

referred to can be called U. auberiana as described and figured

by I3'Orbigny from the shore sands of Cuba."'" There is, how-

ever, doubt about the characters of U. auberiana for Bermudez

failed to find it after careful examination of many shore and shal-

low-water samples.'^"

Genus SIPHOGENERINA Schiumberger, 1883

Siphogenerina advena Cushman
Sip}togtine rina <idvena Cuslaiian, 1922, Carnegie Inst. Washington, Piiijl.

311, p. 35, pi. 5, fig. 2.

Specimens are very rare; they differ from living specimens

from the coast of Cuba in Ijeing slightly more compressed with

more strongly constricted sutures. In outline the Bowden spe-

cimens resemble .S\ adveva var. ornata from the late Tertiary of

the Matanzas Bay region, Cuba-"'^ but lack its characteristic orna-

mentation.

Siphogenerina cf. S. raphanus (Parker and Jones)

Vvigeri'iia (Sagrina) rapJumus Parker and Jones, 1865, Philos. Ti-ans.,

vol. 155, p. 364, pi. 18, figs. 16, 17.

Siphogenerina raphanus (Parker and Jones), Cushman, 1926, XI. S. Nat.

Mus., Proe. vol. 67, art. 25, No. 2597, p. 4, jjl. 1, figs. 1-4; pi. 2, figs.

1-3, 10; pi. 5, figs. 1-2 (see references); Cushman and Parker, 1931,

Proe. U. S. Nat. Mus., vol. 80, art. 3, No. 2903, p. 17, pi. 3, figs. 25, 26.

A single specimen from Sta. i is doubtfully referred to this

species. The Bowden specimen differs from typical living spec-

47 Brady, H. B.: Eept. Voy. Challenger, ZooL, vol. 9, 1884, p. 579, pi.

75, figs. 10, 11.

48 Cushman, J. A. : The Foraminifera of the Choctaiuhatchee forma-
tion of Florida, Florida Geol. Survey, Bull. 4, 1930, p. 49, pi. 9, fig. 7.

49 d'Orbigny, A.: In De la Sagra Hist. Fis., Pol., Nat. Cuba, Fora-

miniferas, 1840 (Spanish ed.), p. 110, pi. 2, figs. 23, 24.

^0 Bermudez, P. J. : Foraminiferas dc la costa norte de Cuha, Mem.
Soc. Cubana Hist. Nat., vol. 9, No. 3, 1935, p. 143.

51 Palmer, D. K., and Bermudez, JP. J.: Mem. Soc. Cubana Hist. Nat.,

vol. 9, No. 4, 1936, p. 249, pi. 22, figs. 4, 7.
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imens in having the poorly developed and somewhat irregular

costae as do the specimens figured by Cushman and Parker

(1931) from Rio de Janeiro Harbor.

Genus ANGULOGERINA Cushman, 1927

Angulogerina carinata Cushman

AiigidogeritM carinata Cushman, 1927, Bull. Scripps Instit. Oceano-
graphy, Tech. Ser., vol. 1, No. 10, p. 159, pi. 4, fig. 3; 1932, Contr.
Cushman Lab. Foram. Ees., vol. 8, pt. 2, p. 44, pi. b, figs. 7, 8.

Very rare specimens closely resemble the figures given by

Cushman in 1932. A few specimens have very faint costse re-

calling the variety bradyana Cushman.''^

Angulogerina cf. A. cximia Cushman and Jarvis

Angulogerina cximia Cushman and Jarvis, 1936, Contr. Cushman Lab.
Foram. Kes., vol. 12, pt. 1, p. 3, pi. 1, fig. 11 ; Coryell and Eivero,

1940, Jour. Paleont., vol. 14, No. 4, p. 342, pi. 44, fig. 26; Palmer,
1941, Mem. Soc. Cubana Hist. Nat., vol. 15, No. 2, p. 186, pi. 15,

fig. 18.

Very rare specimens of Angulogerina are large for the genus,

stout, with sharp but not carinate angles. The sutures are slight-

ly depressed and marked by clear shell substance. Surface

marked by numerous low cost^ ; aperture a short neck with

phialine lip.

These specimens are closely related to A. eximia Cushman and

Jarvis which was described from beds referred to the Bowden
formation, half a mile east of Buff Bay, Jamaica. The specimens

from the typical Bowden are probably a variety but are too rare

to warrant a distinct name at this time. They differ from A.

eximia in having blunter peripheral angles, fewer, less promi-

nent cost« and less inflated chambers.

The specimen figured by Coryell and Rivero (1940) appears

to be typical of the species while the figured Cojimar specimen

(Palmer, 1940) is close to that of the typical Bowden.

Family ELLIPSOIDINID^
Genus ELLIPSONODOSARIA Silvestri, 1900

Ellipsonodosaria caribaea, n. sp. Plate 1, fig. 6

ElUpsonodonaria verneuili Cushman and Jarvis, 1930, Jour. Paleont., vol.

52 Cushman, J. A. : Some Recent Angulogerinas from the eastern Pa-
cific, Contr. Cushman Lab. Foram. Ees., vol. 8, pt. 2, 1932, p. 45, pi. 6,

figs. 9, 10.
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4, No. 4, 13. 364, pi. 33, fig. 12. Not Dentalina verneuili d'Orbigny.

Test sniail, delicately constructed, rectilinear, seldom arcuate;

comprising about nine subgiobuiar chambers; early chambers

closely set; later becoming well separated by a narrow sutural

neck ; surface smooth except for an inconspicuous collar on trie

basal portion of some of the later chambers, probably marking

the piiialine lip of a lornier aperture. Aperture an elongated neck

vvitli a conspicuous Up and tooth.

Lengtii of holotjpe, i.o mm.
Speciuieus are very rare and seldom complete. They differ

conspicuously from the original hgure of Dentalina verneuili

d'Orbigin
"'

in having subgiobuiar, well-separated chambers and

a well-developed phialine lip and tooth. I'he Bowden specimens

agree closely with the specimen from Butf Bay, Jamaica, hgured

b}' Cushiiian and Jarvis, though they are not so distinctly arcu-

ate and lack the apical spine. The new species is very closely

related to E. nuttalli Cushman and jarvis var. gracillima Cush-

man and Jarvis'^* of which tliis may be the microspheric form.

The variety gracillima has longer sutural stolons, an apical spine

and a toothed frill below the aperture on tlie neck.

Holotype.—No. 20044, Paleontological Resear,ch Institution.

Palmer Sta. i.

Family ROTALIID^

Genus SPIRILLINA Ehrenberg, 1843

Spiriilina aff. S. vivipara Ehrenberg
Spirillina vivipara Ehrenberg, 18*1, Abhaiidl. k. Akad. Wiss. Berlin, p.

422, pi. 3, sec. 7, fig. 41; Cusiiman, 1931, U. S. Nat. Mua., Bull. 104,
pt. 8, p. 3, pi. 1, figs. 1-4 (references).

A single specimen was found at Palmer Sta. i.

Genus DISCOREIS Lamarck, 1804

Discorbis bertheloti (d'Orbigny) var. floridensis Cushman
Discorbis bertheloti (d'Orbigny) var. floridensis Cushman, 1931, U. S.

53 d'Orbigny, A.: Foram. Foss. Bass. Tert. Vienne, 1846, p. 48, pi. 2,
ligs. 7, 8.

54 Cushman, J. A., and Jarvis, P. W. : Contri. Cushman Lab. Foram.
Res., vol. 10, pt. 3, 1934, p. 72, pi. 10, fig. 7.
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Nat. Mus., Bull. 1U4, pt. 8, p. 17, pi. 3, figs. 3-u; Cushmaii and Jarvis,

1930, Jour. Paieont., vol. 4, Mo. 4, p. 364, pi. 33, fig. 13.

Discorhis floridemis Cushman, Tolmaclioff, 1984, Ann. Carnegie Mus.,

vol. 23, p. 310, pi. XL, fig. 33.

Specimens referred to this species are rare. A few are simi-

lar to that figured from bulf Bay, Jamaica, by Cushman and

Jarvis (1930), being only gentl}' elevated dorsally with narrow,

limbate but not elevated sutures. I\Iost of the specimens found

are more convex dorsally and the sutures are broadly limbate

and distinctly elevated particularly in the early chambers on the

dorsal side, and are usually even m.ore strongl}- elevated than is

indicated by the original figure 5.

This species is widel} distributed in depth. It has been re-

ported by Cushman (1931) from shore sands to 222 fathoms, be-

ing common at 68 fathoms.

Discorbis cf. D. corrugatus (Millett)

DiscorMna corrugata Millett, 1903, Jour. Kay. Micros. Soc, p. 700, pi. 7,

fig. 5.

Discorbis cf. D. corrugata (Millett), Palmer, 1941, Mem. Soc. Cubana
Hist. Nat., vol. 15, No. 2, p. 190, pi. 6, figs. 6, 9, 10.

A single specimen found at Sta. i resembles the specimen fig-

ured from the Cojimar formation of Cuba (Palmer, 1941).

Discorbis cushman! Palmer and Bermudez

Discorhis cushmani Palmer and Bermudez, 1936, Mem. Soc. Cubana Hist.

Nat., vol. 9, No. 4, p. 250, pi. 21, figs. 7-9.

Pulvinulina, sp? Cushman, 1918, U. S. Nat. Mus., Bull. 103, jjl. 25, fig. 4.

Rare. The species was described from the late Tertiary of

Cuba. Pulvinulina, sp. was figured but not described in the Ter-

tiary fauna of the Panama Canal Zone.

Discorbis floridanus Cushman
Discorbis floridana Cushman, 1922, Carnegie Inst. Washington, Publ.

311, p. 39, pi. 5, figs. 11, 12; Cushman, 1931, U. S. Nat. Mus., Bull.

104, pt. 8, p. 21, pi. 4, figs. 7, 8; Bermudez, 1935, Mem. Soc. Cubana
Hist. Nat., vol. 9, No. 3, p. 201.

A few specimiens are referred to this species. They are small-

er than D. bertheloti var. floridensis with usually one more cham-

ber in the last whorl, and they lack the peripheral thickening.

The specimens from Bowden resemble that figured from Tor-

tugas, Florida, by Cushman (1922) except that the final chamber
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is larger as illustrated b) Galloway and Heminway^^. The spec-

imens also closely resemble D. oligospiratus Galloway and Hem-
inway^", from which it appears to be separated by its less convex

dorsal surface and less concave ventral surface.

Discorbis mirus Cushman
Dincorl/i» inira Cuslinuiu, 19^1, U. S. Nat. Mus., Bull. 104, pt. 8, p. 25,

pi. 5, tigs. 5, 6; Bennudez, 1935, Mem. Soc. Oubana Hist. Nat., vol.

9, No. 3, p. 205, pi. 15, figs. 1-5.

Occasional. The specimens resemble the living example from

the coast of Cuba illustrated by Bermudez (1935). This species

also has a wide depth distribution, having been reported by Cush-

man (1931) to be chiefly found between 1-35 fathoms though

present to 1169 fathoms.

Discorbis cI. D. obtusus (d'Orbigny)

Bosalina oljiu.sa irOibigny, 1846, Foraminiferes Fossiles du Bassin
Tert. Vienna, p. 179, pi. 11, figs. 4-6.

Dlscorhis ohtusa (d'Orbigny), Heron-Allen and Earland, 1932, Discovery
Repts., vol. iV, pt. 1, p. 415, pi. 14, figs. 19-21; Bermudez, 1935, Mem.
Soc. Cubana Hist. Nat., vol. 9, pt. 3, p. 202, pi. 17, figs. 11-13.

Several specimens are provisionally referred to tliis small

species. They resemble that figured by Bermudez from the north

coast of Cuba (1935).

Discorbis orbicularis (Terquem)

Eosalina orbicularis Terquem, 1876, Anim. sur la Plage de Dunkerque,
p. 75, pi. 1, fig. 4.

Discorbis orbicularis (Terquem), Cushman, 1919, Carnegie Inst. Wash-
ington, Publ. 291, p. 40; Bernmdez, 1935, Mem. Soc. C\ibana Hist.
Nat., vol. 9, No. 3, p. 205; Palmer and Bermudez, 1936, Mem. Soc.
Cubana Hist. Nat., vol. 9, No. 4, p. 240; Cushman and Cahill, 1933,
U. S. Geol. Survey, Prof. Paper 175, p. 29, pi. 10, fig. 1.

Occasional. The specimens closely resemble that figured by

Cushman and Cahill from the Choctawhatchee formation of Flor-

ida (1933).

Discorbis cf. D. pileolus (d'Orbignyj

Valvulina pileolus d'Orbigny, 1839, Voy. Amer. Merid., "Foraminifer-
es", vol. 5, pt. 5, p. 46, pi. 1, figs. 15-17.

Very o,ccasional specimens are provisionally referred to this

55 Galloway, J. J., and Heminway, C. E. : Tertiary Foramlnifera of Porto
Bico, New York Acad. Sci., Sci. Survey of Porto Rico and the Virgin Is-

lands, vol. 3, pt. 4, p. 383, pi. 21, fig. 5.

56 Op. cit., p. 384, pi. 21, fig. 1.
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species. They more closely resemble the type figures of D'Or-

l)igny's species from off Peru than any other that has been found

but the}' tend to be somewhat more elevated and the apex is more

])ointed. Several plastogamic pairs were found.

These specimens cannot be referred to D. pilcohis Brady^^

the name of which was subsequently changed to D. australensis by

Heron-Allen and Earland5'\

Genus LAMARCKINA Berthelin, 1881

Lamarckina atlantica Cushman
Lamarckina atlantica Cushman, 1931, U. S. Nat. Mus., Bull. 104, pt. 8,

p. 35, pi. 7, fig. 7 ; Cushman and Ponton, 1932, Florida Geol. Survey,
Bull. 9, p. 91, pi. 13, fig. 7; Bermudez, 1935, Mem. Soc. Cubana Hist.

Nat., vol. 9, No. 3, p. 209.

A single specimen agrees well with the type figure.

Genus VALVULINERIA Cushman
Valvulineria araucana (d'Orbigny)

Bosalina araucana d 'Oibigny, 1839, Voy. Amer. Merid., ' ' Foramini-
iferes", vol. 5, pt. 5, pi. 6, figs. 16-18.

Valvulineria araucana (d'Orbigny), Cushman, 1927, Scripps Inst.

Ocean., Tech. Ser., vol. 1, No. 10, p. 160, pi. 4, figs. 6, 7; Palmer and
Bermudez, 1936. Mem. Soc. Cubana Hist. Nat., vol. 9, No. 4, p. 251;
Palmer, 1941, Mem. Soc. Cubana Hist. Nat., vol. 15, No. 2, p. 191,

pi. 15, figs. 15-17.

Rare. There is considerable doubt about the correctness of

the reference of this species. The specimens from Bowden agree

well with the type figures except in the peripheral view. The Bow-
den specimens have a rather broadly rounded periphery and the

final chambers are inflated as is the Cojimar Oligocene figured

specimen (Pahr.er, 1941). In peripheral view the t}pe, however,

is compressed and narrowly rounded, suggesting Discorbis rather

than Valvulineria.

Genus CIBICORBIS Hadley, 1934

Cibicorbis herricki Hadley
Ciiicorbis herricki Hadley, 1934, Bull. Amer. Paleont., vol. 20, No. 70 A,

p. 26, pi. 5, figs. 1-3; Paimer, 1941, Mem. Soc. Cubana Hist. Nat., vol.

15, No. 3, p. 297, pi. 30, fig. 1.

Valvulineria collis Coryell and Rivero, 1940. Jour. Paleont., vol. 14, No.

4, p. 338, pi. 43, fig. '24.

57 Brady, H. B. : Bept. Voy. Cliallcnger, ZooL, vol. 9, 1884, Foramin-
ifera, p. 649, pi. 89, figs. 2-4.

5« Heron-Allen, E. and Earland, A.: Diacovery Reports, vol. iv. 1932,
Foraminifera. Fart 1. T/i-e Ice-fr^e (jireqi, of the Falkland Islands and ad-
jacent seas, p. 416.



58 Bulletin 115 58

CihicideK 'kugleri Cusliman and Eenz, 1941, Contr. Ciishmaii Lab. Fovnni.

Ees., vol. 17, lit. 1, p. 27, pi. 4, fig. 11.

A single specimen was found at Palmer Sta. i. This species is

abundant and widely distributed in the upper Olijocene and lower

Miocene of the Caribbean region and occurs very rarely in later

Miocene deposits.

Genus GYROIDINA d'Orbigny, 1826

Gyroidina cf. G. soldanii d'Orbigny

Gyroidina soldanii d 'Orl.igny, 1826, Ann. Sei. Nat., vol. 7, No. 5 ;
Model-

es, No. 36; Galloway and Morrey, 1929, Bull. Amer. Paleont., vol. 15,

No. 55, p. 27, pi. 4, 'fig. 4; CiishTiian, 1931, U. S. Nat. Mus., Bull. 104,

pt. 8, p. 38 pi. 8, figs. 1-3.

Several small specimens, doubtfully referred to this species, re-

semble the young specimen from the east coast of the United

States figured by Cushman (1931).

Genus SPONIDES Montfort, 1808

Eponides coryelli, n. sp. Plate 2, figs. 3, 4

Eponidefi praecinctus Coryell and Eivero. 1940, Jour. Paleont., vol. 14,

No. 4, p. 336, pi. 43, fig. 25. Not Karrer.

Truncatulina praecincta Cushman, 1919, Carnegie Inst. Washington, Publ.

291, p. 41. Not Karrer.

Test large, strongly convex to conical ventrally, gently convex

dorsally
;
periphery sharp but not keeled

; 3% whorls visible dor-

sally
;
7-8 chambers in final whorl ; dorsal sutures straight and

tangential, limbate and elevated ; spiral suture limxbate and ele-

vated ; ventral sutures almost radial, limbate, becoming elevated

near the umbilicus and terminating in knobs of shell substance

forming a ring around the slightly open umbilicus. Aperture a

long, conspicuous slit on the ventral inner margin of the final

chamber; surface smooth.

This new species is moderately common in the Bowden sam-
ples. The specimens vary in outline, some being strongly coni-

cal, others more broadly rounded ventrally. The species, repre-

sented by two forms, lives in deep water off the coast of Cuba
(Atlantis Sta. 2963, 190 fms.). Sections of the living specimens

indicate that the conical forms are microspheric and the more
rounded, convex forms are megalospheric.
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Syntype, fig. 3, microspheric?, maximum diameter, 0.7 mm.;
height, 0.43 mm. S}ntype, fig. 4, megalospheric ? maximum di-

ameter, 0.89 mm. ; height, 0.6 mmi.

E. corycUi differs from Rotalio prcccinta Karrer^^ in having

fewer chambers in tiie final whorl, oblique and more strongly

elevated dorsal sutures and radial, not curved, ventral sutures

which are more conspicuously limbate at the inner ends, termi-

nating in a ring around the umbilicus.

The new^ species is well illustrated by Coryell and Rivero from

the Miocene of Haiti. Specimens of E. byramensis (Cushman)

var. campester (Palmer and Bermudez) from the upper Oligo-

cene Cojimar formation of Cuba"" are transitional between that

variety and E. coryclli, n. sp.

This is another member of the E. jacksoncnsis-E. antillarum

series which has been living in this area since the Eocene. It

differs from E. byramensis var. campester of the Cuban lower

Oligocene in being more distinctly conical ventrally, even in the

megalospheric forms ; somewhat more tightly coiled with fewer,

narrower chambers and more conspicuously elevated sutures.

Comparisons of the var. campester and closely related species ac-

company the original description"^.

ry/'(?.y.—Syntypes, Paleontological Research Institution, No.

20045, ?niegalospheric ; No. 20046 ? microspheric. Palmer Sta. i.

Eponides lateralis (Terquem)
Bosalina lateralis Terquem, 1878, Mem. Soc. Geol. France, ser. 1, vol.

4, p. 25, pi. 2 (7), figs, lla-e.

•"''J Karrer, F. : Die Miucf.nc Foraminifcrenfauna von Kostej im Banat,

Sitz. k. Akad. Wiss. Wien, vol. 58, No. 15, 1868, p. 189, pi. 5, fig. 7.

6" Palmer, D. K. : Faraminifera from the upper Oligocene Cojimar for-

mation of Cuba, Mem. Soc. Cubaiia Hist. Nat., vol. 15, No. 2, 1941, p. 192.

Listed as E. byramensis (Cushman) var. campester Palmer and
Bermudez, new ni^me for E. l>yram,fnsis (Cushman) var. cwbensis Palmer
and BernuKicz (not Eponides cuhensia Palmer and Bermudez).

01 Palmer, D. K., and Bermudez. P. J.: An Olifiocene foraininiferal

fauna from Cuba, Mem. Soc. Cubana Hist. Nat., vol. 10, No. 5, 1936, p.

302. pL 20, figs. 4 6.
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Eponides lateralis (Terquem), Cushman, 1930, Florida Geol. Survey,

Bull. 4, p. 55, pi. 10, fig. 7.

A single specimen from Sta. i is typical except that it lacks

conspicuous perforations on theVentral side of the final chamber.

Eponides parantillarum Galloway and Heminway

Eponides parantillarum Galloway and Heminway, 1941, New York Acad.

Sci., Sci. Survey Porto Eico and the "Virgin Islands, vol. 3, pt. 4, p. 374.

pi. 18, fig. 1.

Eponides antillarum Cushman and Jarvis, 1930, Jour. Paleont., vol. 4,

No. 4, p. 364, pi. 33, fig. 14, pi. 34, fig. 2. Not Botalina antillarum

d 'Orbigny.

Occasional and typical.

Eponides pulvinus Galloway and Heminway

Eponides pulvinus Galloway and Heminway, 1941, New York Acad.

Sci., Sci. Survey Porto Rico and Virgin Islands, vol. 3, pt. 4, p. 375,

pi. 18, fig. 2.

Very rare. The specimens appear to be identical with the

types figured from the Quebradillas formation, lower Miocene,

of Puerto Rico.

Genus ROTALIA Lamarck, 1804

Rotalia beccarii (Linnaeus) var. tepida Cushman
Eotalia beccarii (Linnseus) var. tepida Cushman, 1926, Carnegie Inst.

Washington, Publ. 344, p. 79, pi. 1; Cole, 1931, Florida Geol. Survey,

Bull. 6, p. 50, pi. 3 figs. 3, 4; Palmer and Bermudez, 1936, Mem. Soc.

Cubana Hist. Nat., vol. 9, No. 4. p. 240.

Vlery rare. Very close to the type figures ; the peripheral mar-

gin is not lobulate as in the specimen figured from the Pleistocene

of Florida (Cole, 1931).

Rotalia rosea d'Orbigny
Rotalia rosea d'Orbigny, 1826, Ann. Sci. Nat., vol. 7, p. 272, No. 7;

Modeles No. 36; Cushman, 1931, U. S. Nat. Mus., Bull. 104, pt. 8, p.

62, pi. 13, fig. 5.

Botalina rosea d'Orbigny 1839, in De la Sagra, Hist. Phys., Pol., Nat.
Cuba., "Foraminifercs", p. 72, pi. 2, figs. 9-11.

Truncatulina rosea (d'Orbigny), Brady, 1884, Kept. Voy. Challenger,
Z06I., vol. 9, p. 667, pi. 96, fig. 1.

Occasional specimens are of the smooth type figured by

D'Orbigny (1839).

Rotalia cf. R. tholus Galloway and Heminway

Rotalia tholus Galloway and Heminway, 1941, New York Acad. Sci., Sci.

Survey Porto Rico and Virgin Islands, vol. 3, pt. 4, p. 382, pi. 20, fig. 2.

Very rare. The specimens resemble the type from the Ponce

formation of Puerto Rico.
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Genus EPISTOMINA Terquem, 1883

Epistomina elegans (d'Orbigny)

Botalia (Turbimdiva) elegans d'Orbigny, 1826, Ann. Sci. Nat., vol. 7,

p. 276, No. 54.

Pulvimdina elegans (d'Orbigny), Parker, Jones and Brady, 1871, Ann.
Mag. Nat. Hist., ser. 4, vol. 8, p. 174, pi. 12, fig. 142.

Epistomina elegans (d'Orbigny), Cushman, 1931, U. S. Nat. Mus., Bull.

104, pt. 8, p. 65, pi. 1.3, fig. 6 (reference) ; Cushman and Jarvis, 1930,

Jour. Paleont., vol. 4, No. 4, p. 365, pi. 34, fig. 1.

Very rare and small. The specimens are probably megalo-

spheric forms, having 6-7 chambers in the final whorl. They re-

semble living forms from the Caribbean area as figured by Cush-

man (1931). The specimen from Buff Bay (Cushman and Jar-

vis) is probably a microspheric form since it has about 11 cham-

bers in the final whorl.

This is a very widely distributed species in the present seas,

having been reported in the Atlantic from 23 to 2369 fathoms.

Genus SIPHONINA Reuss, 1850

Siphonina pulchra Cushman

Siphonina pulchra Cushman, 1919, Carnegie Inst. Washington, Publ. 291,

p. 42, pi. 14, fig. 7 ; 1922, Carnegie Inst. Washington, Publ. 311, p. 49,

pi. 7, figs. 11, 12; 1927, Proe. U. S. Nat. Mus., vol. 72, No. 2716, p.

8, pi. 2, fig. 5; Bermudez, 1935, Mem. Soc. Cubana Hist. Nat., vol. 9,

No. 3, P. 211; Coryell and Rivero, 1940, Jour. Paleont., vol. 14, No.

4, p. 337, pi. 43, fig. 23; Palmer, 1941, Mem. Soc. Cubana Hist. Nat.,

vol. 15. No. 2, p. 196.

Siphonina' reticulata Cushman, 1919, Carnegie Inst. Washington, Publ.

291, p. 42. Not Czjzek.

Common. The types cam.e from the Yumuri River gorge,

Matanzas, Cuba. In 1931 Cushman pointed out that the young,

carinate stage had been identified as S. reticulata. The species is

widely distributed in the West Indian region, chiefly in fairly

shallow water but it was found in Albatross collections from 60

and 1 169 fathoms.

Genus SIPHONINELLA Cushman, 1927

Siphoninella soluta (Brady)

Truncatulina soluta Brady, 1884, Kept. Voy. Challenger, Zool., vol. 9, p.

670, pi. 96, fig. 4.

Siphoninella soluta (Brady), Cushman, 1927, Contr. Cushman Lab.
Poram. Res., vol. 3, pt. 1, p. 77, pi. 16, fig. 13; Bermudez, 1935, Mem.
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Soc. Cubana Ilist. Nat., vol. 9, No. 3, p. 212; Palmer and Bermudez,

1936, Mem. Soc. Gnbaua Hist. Nat., vol. 9, No. 4, p. 240; Palmer,

1941, Mem. Soc. Cubana Hist. Nat., vol. 15, No. 2, p. 197.

Very rare.

Gonus CANCRIS Montfort, 1808

Cancris sagra (d'Orbigny)
Eotalina sagra d 'Orbigny, 1839, in De la Sagra, Hist. Phys. Pol. Nat.,

Cuba, " Foraminiferes ", p. 77, j>\. 5, figs. 13-15.

PulvinuUna mqra (d 'Orbigny), Cusbman, 1918, U. S. Geol. Survey, Bull.

676, p. 65, pi. 22, fig. 3; pi. 23, fig. 1; 1919, Co,™egic Inst. Washing-

ton, Publ. 291, p. 44.

Cancris mr/ra (d 'Orbigny) . Crishmrui, 1931, II. S. Nat. Mus., Bull. 104,

pt. 8, p.' 74, pi. 15, fig". '::, 1933, U. S. Geol. Survey, Prof. Paper 175,

p. 32, pi. 11, figs. 4, 5 (references) ; Palmer and Bermudez, 1935,

Mem. Soc. Cubana Hi(-t. Nat. vol. 9, No. 4, p. 240; Palmer, 1941,

Mem. Soc. Cubana Hist., Nat. vol. 15, No. 2. p. 198.

Very rare. The specimens are small but closeh^ resemble

D'Orbigny's type.

Genus BAGGINA Cushman, 1926

Bagpfina cojimarcnsis Palmer

Baggina cojimarensis Palmer, 1941, Mem. Soc. Cubana Hist. Nat., vol.

15, No. 2, p. 198, pi. 16, figs. 13, 14.

Wiscorhis allomorphinoides (Reuss), Cushman, 1919, Carnegie Inst.

Washington, Publ. 291. p. 41; Cole, 1931, Florida Geol. Survey, Bull.

6, p. 45, pi. 6, figs. 8, 9.

Specimens resembling the type figures of this species are mod-

erately common in the Bowden deposit. Cushman (1919) called

attention to the similarit)' of this species to J'alvulineria allomor-

phinoides (Reuss) living in the Paciiic and expressed his doubt

concerning the specific identity of that species with the Cretaceous

form described by Reuss.

Family AMPHISTEGINID^
Genus ASTERIGERINA d'Orbigny, 1839

Asterigerina carinata d'Orbigny

Asterigerina carinata d'Orbigny, 1839, in De la Sagra, Hist. Phys., Pol.

Nat. Cuba, " Poraminiferes '"', p. 118, pi. 5, fig. 25; pi. 6, figs. 1, 2;
Cushman, 1919, Carnegie Inst. Washington, Publ. 291. p. 45; Cushman,
1931, U. S. Nat. Mus., Bull. 104, pt. 8, p. 77, pi. 15, figs. 4, 5; Palmer
and Bernuidez, 1936, Mem. Soc. Cubana Hist. Nat., vol. 9, No. 4, p. 240.

Occasional at Bowden and closely resembling the living Car-

ibbean specimens illustrated by Cushman (1931). The species

is common in 2 to 10 fathoms but also common in an Albatross

collection at 1169 fathoms.
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Genus AiMPHISTEGINA d'Orbigny, 1S25

Amphistegina angulala (Cushman) Plate 2, figs. 2 a-c.

Asirripcrina angulata Ciishman, 1919. Carnegie lust. Washington, Publ.
291," p. 45, pi. 13, fig. 1.

Amphistegina aiuiulaia (Cushman), Coryell and Rivero, 1940, Jour.

Paleont., vol. 14, No. 4, p. 839 ; Galloway and Heminway, 1941, New
York Acad. Sci., Sci. Survey Porto Rico rnd A'irgin Islands, vol. 3,

pt. 4, p. 407, pi. 28, fig. 6 ; Palmer, 1941, Mem. Soc' Cubana Hist. Nat.
vol. 15, No. 2, p. 199, pi. 15, figs. 14, 20, 21.

Specimens of .Amphistegina are abundant in the Eowden sam-

ples. Conical specimens referred to this species are common and

conspicuous because they attain a maximum diameter of 4 mm.
The avera,2;^e diameter is about 2 mm. Diameter of figured spec-

imen, 0.6 mm. ; height, 0.46 mm.
The ver}^ large specimens seldom show the sutures distinctly.

Small specimens show approximately 15 broadly curved dorsal

sutures. Ventral supplementary chambers are obscure except

in very small specimens in which they extend one-half to one-

third the distance from the margin of the large umbilical deposit

to the periphery. Partial sections show that both megalospheric

and mJcrospheric specimens are present ; in general, the very

large specimens are microspheric.

This species is characteristic of Oligo-Miocene moderately

shallow water deposits in many localities in the Caribbean area.

It is difficult to figure this species adequately, since the large and

characteristic specimens show few details, even the sutures are

indistinct. The convexity of the ventral side and its large

boss, the apertural granules and sharp periphery are shown in

figure 2, an immature specimen from Palmer Sta. i. Galloway

and Heminway gave a good figure of an imm.ature specimen.

Figured specimen.—No. 20050, immature specimen, Paleonto-

logical Research Institution. Palmer Sta. i.

Amphistegina chipolensis Cushman and Ponton

Amphistegina chipolensis Cu:-hman and Ponton, 1932, Florida State Geo-

logical Survey, Bull. 9, p. 96, pi. 15, fig. 1.

Only a few specimens of this distinctive species were found.

They differ from A. lessonii var. bozvdenensis, n. var. in having

a carinate periphei-y, a slight tendency to uncoil and a prominent

ventral umbo.
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Amphistegina lesBonii d'Orbigny var. bowdcnensis, n. var.

Plate 2, figs. 1 a-c.

Amphisteqina lessonii d'Orbigny, Cusl'inan (in part) 1919, Carnegie

Inst. Washington, Publ. 291, p. 50.

fAmpMnteqina qihbo.sa d'Orbigny, Colo, 19;;i, Florida State Geol. Sur-

vey, Bull. 6, p. 52, pi. 5, fig. 14.

Test moderately large, biconvex to ventrally flattened, pe-

ripher}- sharp, not keeled. Final whorl with i8 to 23 chambers

;

dorsal sutures limbate, usually not elevated, sharply angled about

midway between the periphery and the umbonal deposit ; ventral

secondary chambers conspicuous and extending about half the

distance from the umbo to the periphery and frequently the final

ones project in a narrow point between the lobes of the primary

chambers. A small umbonal deposit is ])resent both dorsally and

ventrally but does not project beyond the general contour of the

test. Partial sections indicate that in general the biconvex spec-

imens are microspheric and the ventrally flat forms are usually

megalospheric. Surface smooth except for apertural granules.

Holotype, maximum diameter, i. 13 mm. ; thickness, 0.57 mm.
There is a great deal of confusion in the nomenclature of the

species of Amphistegina. Brady treated most of the early named

forms as synonyms of A. lessonii d'Orbigny and most authors

have followed him. A. lessonii was named in the Tableau Me-
thodique in 1826 as coming from the Recent of ITsle de France

(Mauritius) ; it was neither described nor figured. The figure

reference given for A. lessonii is identified as A. quoii in the ex-

planation of the plate. This latter species was also listed in the

Tableau Methodique, but not described, from the Recent of Ra-

wak. New Holland. The Bowden specimens differ from the figure

referred to, whether it be A. lessonii or A. quoii, in that they have

fewer ,chambers with the dorsal sutures angled less sharply, the

sutures being angled almost precisely halfway betwen the periph-

ery and the umbo rather than close to the periphery, and in the

lack of limbate lines between the sutures.

Amphistegina gibbosa d'Orbigny*^- was well described and fig-

ured in the Cuban monograph and differentiated from. A. quoii by

62 d'Orbigny, Alcides: in De la Sagra, Hist. Pis., Pol., Nat. Cuba, Pora-
miniferas, (Spanish cd.), 1840, p. 120, j)]. 8, figs. 1-3.
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the author. In as much as .1. gihbosa was described as being flat

ventrally it was suspected the Bovvden form might be identical

with it. However, comparisan with specimens from the Cuban

coast reveals almost the same differences noted with reference to

A. lessonii, with the exception that living West Indian forms have

fewer chambers and in this respect resemble the Bowden form.

Also, Cushman stated in 1931''^ that after examining a rather

large suite of specimens he could not separate the West Indian

from the Pacific form.

This variety is one of the most abundant species in the sam-

ples from Bowden.

Holotype.—No. 20048, Paleontological Research Institution.

Palmer Sta. i.

Family CYMBALOPORID^
Genus TRETOMPHALUS Moebius, 1880

Tretomphalus atlanticus Cushman

Tretomphalus atlanticus Cushman, 1934, Contr. Cushman Lab. Foram.
Ees., vol. 10, pt. 4, p. 86, pi. 11, fig. 3; pi. 12, fig. 7; Palmer, 1941,

Mem. Soc. Cubana Hist. Nat., vol. 15, No. 3, p. 281.

Cymbalopura (Tretomplmlus) bulloides Braily, 1884, (in part), Eept.

Voy. Challenger, Zool., vol. 9, p. 638, pi. 102, figs. 10, 11 (not 7-9, 12) ;

Cushman, 1931, U. S. Nat. Mus., Bull. 104, pt. 8, p. 86, pi. 16, fig. 5.

Not D'Orbigny.

Rare. The specimens are without float chambers and resemble

those occurring in the shallow water of the Caribbean area, as

illustrated by Cushman (1931).

Family CASSIDULINIDiE
Genus CASSIDULINA d'Orbigny, 1826

Cassidulina crassa d'Orbigny

CaasiduUna crassa d'Orbigny, 1839, Voy. Amer. Merid., "Foramin-
iferes", p. 56, pi. 7, figs. 18-20; Cushman, 1922, U. S. Mus., Bull. 104,

pt. 3, p. 124, pi. 26, fig. 7; Cushman and Ponton, 1932, Florida Geol.

Survey, Bull. 9, p. 97, Heron-Allen and Earland, 1932, Discovery Re-

ports, vol. 4, Foraminifera, Pt. 1, p. 357, pi. 9, figs. 26-29.

Very rare. Less compressed laterally than is indicated by most

figures and very similar to the typical specimens from the Falk-

03 Cushman, J. A.: The Foraminifera of the Atlantic Ocean, U. S. Nat.

Nat. Mus., Bull. 104, pt. 8, 1931, p. 79.
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land Islands area figured by Heron-Allen and Earland (1932).

Cassidulina laevigata d'Orbigny var. carinata Cushman
Cassidulina Icevigaia d'Orbigny var. carinata Cushman, 1922, U. S. Nat.

Bull. 104, pt. 3, p. 124, pi. 25, ligs. 6, 7 ; Cushman, 1930, Florida Geol.
Survey, Bull. 4, p. 58, pi. 11, fig. 7; Cushman and Cahill, 1933, U. S.

Geol. 8urvey, Prof. Paper 175, p. 33, pi. 12, fig. 3.

Specimens are small and rare and it is difficult to be certain

that the narrow keel is sufficiently well developed to warrant ref-

erence to the var. carinata. They resemble the Choctawhatchee

Miocene specimen figured by Cushman (1930).

Cassidulina sub^lubosa Brady

Cassidulina suhglohosa Brady, 1881, Quart. Jour. Micro. Soc, vol. 21,

p. 60; 1884, Rept. Voy. ClMllenger, Zool., vol. 9, p. 430, pi. 54, fig. 17;
Cushman, 1922, U. S. Nat. Mus., Bull. 104, pt. 3, p. 127, pi. 24, fig. 6;
Galloway and Morrey, 1929, Bull. Amer. Paleont., vol. 15, No. 55, p.

40, pi. 0, fig. 6; Palmer and Bermudez, 1936, Mem. Soc. Cubana Hist.
Nat., vol. 9, No. 4, p. 240; Galloway and Hemiuway, 1941, New York
Acad. Sei., Sci. Survey Porto Kico and the Virgin Islands, vol. 3. pt.

4, p. 425, pi. 32, fig. 2.

Rare. The specimens are similar to that illustrated by Gallo-

way and Heminway (1941).

Genus CASSIDULINOIDES Cushman, 1927

Cassidulinoides bradyi (Norman)

Cassidulina bradyi (Norman ms.), Wright, 1880, Proc. Belfast Nat.
Field Club, App., p. 152; Cushman, 1922, U. S. Nat. Mus., Bull. 104,
pt. 3, p. 128, pi. 23, figs. 6, 7.

Cassidulinoides hradyi (Norman), Cusb.man, 1930, Florida Geol. Sur-
vey, Bull. 4, p. 58, pi. 11, fig. 8.

Very rare at Sta. i and resembling the Florida Miocene speci-

men figured by Cushman (1930).

Cassidulinoides cf. C. parkerianus (Brady) Plate 1, figs. 4 a-b.

Cassidulina parlceriana Brady, 1881, Quart. Jour. Micro. Soc, vol. 21, p.
59; 1884, Rept. Voy. Challenger, Zool., vol. 9, p. 432, pi. 54, figs. 11-

16; Heron-Allen and Earland, 1932, Discovery Repts., vol. 4, Foramm-
ifera, pt. 1, p. 359, pi. 9, fig. 22.

Three small specimens from Sta. i are with considerable doubt

referred to this species. They differ from the type figures in that

the sutures are scarcely depressed and the coiling of the early

chambers is very inconspicuous. They are most similar to the

microspheric specimen figured by Heron-Allen and Earland

(1932) from the Falkland Islands area.

Length of figured specimen, 0.4 mm.
Figured specimen.—No. 20053, Paleontological Research In-
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stitution. Palmer Sta. i.

Family CHILOSTOMELLID^

Genus CHILOSTOMELLA Eeuss, 1850

Chilostom&Ila czizeki Reuss

Chilostomella czizeici lieuss, 1850, Denksciir. Akad. Wiss. Wien, vol. 1, p.

o80, yl. 48, ligs. 13a.-d; iScliwagcr, 1877, Boll. 'd. Com. Geol. Ital., vol.

8, p. '2.^6, pL, fig. 70; Cushman, 192tj, Oontri. Cusliman Lab. Foram.

Res., vol. 1, pt. 4, p. 74, pi. 11, fig. 2; Galloway and Heminway, 1941,

New York Acad. Sci., Sci Survey Porto Eico and Virgin Islands, vol.

;;, pt. 4, p. 409, pi. 28, fig. 3.

Very rare specimens resemble the specimen figured by Gallo-

way and Heminway.

Genus PULLENIA Parker and Jones, 1862

I'ullenia sphaeroides (d'Orbigny)

Nonionina aphaeroides d'Orbigny, 1826, Ann. Sci. Nat., vol. 7, p. 293,

No. 1, Modeles, No. 43.

Pullenia sphaeroidcs (d'Orbigny), Cushman, 1924, U. S. Nat. Mus.,

Bull. 104, pt. 5, p. 40, pi. S, tigs. 3, 4 (references) ; Palmer and Ber-

mudez, 19S6, Mem. boc. Cabana Hist. Nat., vol. 10, p. 309.

Nonionina hulloideR d'Orbigny, 1826, Ann. Sci. Nat. vol. 7, p. 293, No. 2,

1846, Foram. Foss. Bass. Tert. Vienne, p. 107, pi. 5, figs. 9-10.

Pullenia bulloides (d'Orbigny), Galloway and Heminway, 1940, New
York Acad. Sci., Sci. Survey Porto Eico and Virgin Islands, vol. 3,

pt. 4, p. 360, pi. 15, fig. 4 (references).

A single specimen agrees well with the figures of living spec-

imens given by Cushman (1924).

Genus SPH^ROIDINA d'Orbigny, 1826

Sphseroidina bulloides d'Orbigny

Sphaeroidina bulloides d'Orbigny, 1826, Ann. Sei. Nat., vol. 7, p. 267,

Modeles, No. 16 ; Galloway and Heminway, 1941, New York Acad.
Sci. Sci. Survey Porto Eico and Virgin Islands, vol. 3, pt. 4, p. 410,

pi. 30, fig. 1.

Very rare.

Family GLOBIGERINIDiZE

Genus GLOBIGERINA d'Orbigny, 1826

Globigerina bulloides d'Orbigny

Globigerina bulloides d'Orbigny, 1826, Ann. Sci. Nat., vol. 7, p. 277,

No. 1; Modeles, No. 17 and No. 76; Cushman, 1914, U. S. Nat. Mus.,

Bull. 71, pt. 4, p. 5, pi. 2, figs. 7-9; pi. 9 (references) ; Cushman, 1919,

Carnegie Inst. Washington, Publ. 291, p. 38; Galloway and Hemin-
way, 1941, New York Acad. Sci., Sci. Survey Porto Eico and Virgin
Islands, vol. 3, pt. 4, p. 411, pi. 29, fig. 1; Cushman, 1941, Amer.
Jour. Sci., vol. 239, p. 134.

The difficulty in identifying described species of this genus is

great. The specimens assigned to this species in the Bowden
material are usually small for the genus, compactly coiled with
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3 to 4 chambers in the final whorl ; sutures deep ; aperture con-

spicuous and subcircular; surface finely reticulated. Occasional.

Dr. Cushman (1941) has called attention to the fact tliat in the

cores from the Eartlett Deep it has not been possible to separate

the young of other species from specimens usually assigned to G.

bulloides and he therefore omitted this species from his list. The

species is, however, retained on the Bowden list because the spec-

imens approximate those usually assigned to it and though the>

may be the young of G. rubra d'Orbigny no trace of multiple

apertures has been noted.

Globigerina suJjcretacca Chapman

Globigerina subcretacea Chapman, 1902, Jour. Linn. Soc, Zool., vol. 28, p.

410, pi. 36, fig. 16; Cushman, 1919, Carnegie Inst. Wasliington, Publ.

291, p. 39.

Common. The specimens agree well with the original de-

scription and figures.

Globigerina triloba Reuss

Globigerina tribloba Eeuss, 1849-1850, Denkschr. Math. Kl. K. Akad.
Wiss., Wien, vol. 1, p. 374, pt. ii (xivii) fig. 11; Heron-Allen and
Earland, 1924, Jour. ii. Micros., Soc, pt. 2, p. 165.

Common. The specimens assigned to this species are very

close to those referred to G. bulloides but have an almost slitlike

usually very inconspicuous aperture.

Genus GLOBIGERINOIDES Cushman, 1927

Globigerinoides rubra (d'Orbigny)

Globigerina rubra d'Orbigny, 1839, in De la Sagra, Hist. Phys., Pol.,

Nat., Cuba, '

' Foraminiferes '

', p. 89, pi. 4, figs. 12-14 ; Cushman, 1919,
Carnegie Inst. Washington, Publ. 291, p. 39; 1922, Carnegie Inst.

Washington, Publ. 311, p. 36, pi. 14, figs. 1, 2.

Globigerinoides rubra (d'Orbigny), Coryell and Bivero, 1940, Jour. Pal-

eont., vol. 14, No. 4, p. 340.

Occasional specimens resemble the one figured by Cushman

(1922).
Globigerinoides sacculifera (Brady)

Globigerina sacculifera Brady, 1884, Eept. Voy. Challenger, Zool., vol.

9, p. 604, pi. 80, figs. 11-17; pi. 82, fig. 4; Cushman, 1919, Carnegie
Inst. Washington, Publ. 291, p. 39.

Globigerinoides sacculifera (Brady), Cushman and Jarvis, 1930, Jour.

Paleont., vol. 4, No. 4, p. 366, pi. 34, fig. 4; Coryell and Eivero, 1940,
Jour. Paleont., vol. 14, No. 4, p. 340, pi. 42, figs. 24, 25, 32.
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Occasional. The specimens resemble those figured by Coryell

and Rivero.

Genus GLOBIGERINELLA Cushman, 1927

Globigerinella aequilateralis (Brady)
Globigerina aequilateralis Brady, 1884, Kept. Voy. Challenger, Zool.,

vol. 9, p. 605, pi. 80, figs. 18-21 ; Cushman, 1918, U. S. Nat. Mus., Bull.

103, p. 67.

Globigerinella aequilateralis (Brady), Cushman, 1927, Contr. Cushman
Lab., Foram. Res., vol. '6, p. 87 ; Bermudez, 1935, Mem. Soc. Cubana
Hist. Nat., vol. 9, No. 3, p. 217; Palmer, 1941, Mem. Soc. Cubana
Hist. Nat., vol. 15, No. 3, p. 286.

Rare. The specimens are similar to those from the coastal

waters of Cuba.

Genus ORBULINA d'Orbigny, 1839

Orbulina universa d'Orbigny

Orbulina universa d'Orbigny, 1839, in De la Sagra, Hist. Phys., Pol., Nat.
Cuba " Foraminiferes ", p. 108, pi. 2, figs. 27, 28; Cushman, 1919,

Carnegie Inst. Washington, Publ. 291, p. 40 ; Cushman, 1924, U. S.

Nat. Mus., Bull. 104, pt. 5, p. 35, pi. 5, fig. 1 (references) ; Cushman
and Jarvis, 1930, Jour. Paleont., vol. 4, No. 4, p. 367 ; Coryell and
Eivero, 1940, Jour. Paleont., vol. 14, No. 4, p. 340 ; Galloway and Hem-
inway, 1941, New York Acad. Sci., Sci. Survey Porto Rico and Virgin

Islands, vol. 3, pt. 4, p. 414, pi. 3, fig. 3; Palmer, 1941, Mem. Soc.

Cubana Hist. Nat., vol. 15, No. 3, p. 287.

Occasional.

Genus Sphaeroidinella Cushman, 1927

Spihsroidinella dehiscens (Parker and Jones)

Sphceroidina bulloides d'Orbigny var. dehiscens Parker and Jones, 1865,

Philos. Trans., vol. 155, p. 369, pi. 19, fig. 5; Brady, 1884, Rep. Voy.
Challenger, Zool., vol 9, p. 621, pi. 84, figs. 8-11 ; Cushman, 1924, U. S.

Nat., Mus., Bull. 104, pt. 5, p. 38, pi. 7, figs. 7, 8 ;
pi. 8, figs. 1, 2.

Sphceroidinella dehiscens (Parker and Jones), Cushman and Jarvis, 1930,

Jour. Paleont., vol. 4, No. 4, p. 367, pi. 34, figs. 6, 7; Coryell and
Bivero, 1940, Jour. Paleont., vol. 14, No. 4, p. 340, Cushman, 1941,

Amer. Jour. Sci., vol. 239, pi. 5 fig. 1.

Very occasional specimens with three chambers in the final

whorl, sutures jagged and separated in at least two, usually three,

places resemble those figured by Cushman and Jarvis from Buflf

Bay, Jamaica (1930) and specimens from the Bartlett Deep fig-

ured by Cushman (1941). No specimens with the very deep

reentrants, such as figured by Brady (1884), were observed.

The closely related S. seminulina (Schwager)*'* from the late

Tertiary of Kar Nikobar is distinguished by its regular sutures

which are separated in only one place.

6* Schwager, Conrad: Fossile Foraminifera von Kar-Nilcobar, Novara-
Expedition, Geol. Theil, vol. 2, 1866, p. 256, pi. 7, fig. 112.
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Sphseroidinella dehiscens (Parker and Jones) var. immatura Cushnian

Sphaeroidina deliisccns I'.'irker and Jones var. immatura Cushman, 1919,

Carnegie Inst. Wasliingtou, Publ. 291, p. 40, pi. 14, fig. 2.

Occasional. The specimens are bilocular and the median su-

ture, though jagged, is not open except in one or two places. The

type of the variety is from Bowden.

Family GLOBOUOTALIID^
Genus GLOBOTRUNCANA Cushman, 1927

Globotruncana, sp.

A single poorly preserved specimen was found at Sta. i. Speci-

mens of this genus are occasionally found in Tertiary deposits in

the West huHan area. They are usually found in gravelly beds

such as this one at Bowden and believed to have been derived

from the L'pi)er Cretaceous.

Genus GLOBOROTALIA Cushman, 1927

Globorolalia mcnardii (d'Orbigny)

L'olalia miiuiid'd d 'Orbigny, 1820, Ann. Sci. Nat., vol. 7, No. 26;
Modele, No. 10.

Pulvinulina menardii (d 'Orbigny), Bratly, 1884, Eep. Voy. Challenger,

ZooL, vol. 9, p. 690, pi. 1U3, figs. 1, 2; Nuttall, 1928, C^uart. Jour.

Geo). Soc. London, vol. 84, p. 101, pi. 7, fig. 20.

Glohorotalia menardii (d'Orbiguy), Cushman, 1930, Tlorida Geol. Sur-

vey, Bull. 4, p. 60, pi. 12, fig. 1; Coryell and Eivero, 1940 Jour.
Paleont., vol. 14, No. 4, p. :Vi6, pi. 42, figs. 34, 35; Palmer, 1941,
Mem. Soe. Cubana Hist. Nat., vol. 15, No. 3, p. 291 ; Galloway and
Heminway, 1941, New York Acad. Sci., Sci. Sui'vey Porto Kico and
the Virgin Islands, vol. 3, pt. 4, p. 368, pi. 16, fig. 5.

Common. The Bowden specimens resemble the one from the

Miocene of Haiti figured by Coryell and Rivero (1940).

Glohorotalia menardii (d'Orbigny) var. miocenica, n. var.

Plate 1, figs. 10 a-c

Test of average size ; dorsally flat ; ventrally strongly convex

;

composed of 2I/2 whorls with about six chambers in the final

whorl ; dorsal sutures broadly curved, clear, limbate but not gen-

erally elevated ; spiral suture and periphery with limbate, ele-

vated border; ventral sutures radial, depressed; ventrally the

chambers terminate in a small, open umbilical depression. Aper-

ture extending from the umbilical depression to the periphery on

the inner base of the final chamber. Surface very finely but dis-

tinctly perforate. Moderately common.
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Maximum diameter of holotype, 0.6 mm. ; height, 0.02 mm.

The v'ariet)- differs from the typical species in being strongly

convex ventrally. Very probably the new variet}' is present in

the Florida Miocene for Dr. Cushman made the following ob-

servation in his discussion of G. menardii (d'Orbigny)^^: "A

few specimens show much more variation in convexity of the

ventral side than do most recent specimens."

The new variety also recalls G. truncatulinoides (d'Orbigny)

but has more chambers in the final whorl with curved, not radial,

dorsal sutures and the outline of the ventral chambers in side

view is more oblique from the periphery toward the umbilicus.

Holotype.—No. 20047, Paleontological Research Institution.

Palmer Sta. i.

Globorotalia truncatulinoides (d'Orbigny)

Botalina truncatulinoides d'Orbigny, 1839,in Barker-Webb and Berthelot,

Hist. Nat. lies Canaries, vol. 2, pt. 2,
'

' Foraminiferes '

', p. 132, pi. 2,

figs, 25-27.

Glohorotalia truncatulinoides (d'Orbigny), Cushman, 1931, U. S. Nat.

Mus., Bull. 104, pt. 8, p. 97, pi. 17, fig. 4 (references).

Rare. This species is widely distributed in the present oceans.

In the Albatross collections it was found chiefly in the Globiger-

ina ooze but was also common at one station in 23 fathoms.

The Bowden specimens resemble the type in having five nar-

row chambers in the final whorl which are elongated parallel to

the spiral suture.

Family ANOMALINID^

Genus PLANULINA d'Orbigny, 1826

Planulina edwardsiana (d'Orbigny) var. canimarensis Palmer and Ber-

mudez Plate 1, figs. 9 a-c

Planulina edwardsiana (d'Orbigny; var. canimarensis Palmer and

Bermudez, 19o6, Mem. Soc. Cubana Hist. Nat., vol. 9, No. 4, p. 256,

pi. 21, figs. 4-6.

Occasional. The specimens closely resemble the type from

the late Tertiary on Canimar River, Cuba. The figured speci-

men has a maximum diameter of 0.6 mm.

05 Cushman, J. A. : The Foraminifcra of the Choclaichat chee forma
t'lon of Florida, Florida State Geol. Survey, Bull. 4, 1930, p. 60.
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Figured specimen.—No. 20052, Paleontological Research In-

stitution. Palmer Sta. i.

Planulina loveolata (Brady)
Anomalina foveolata Brady, 1884, Eept. Voy. Challenger, Zool., vol. 9,

p. 674, pi. 94, fig. 1.

Anomalina ariminensis Brady, Parker and Jones (part), 1888, Trans.
Zool. Soc. London, vol. 12, p. 228, pi. 45, fig. 21. Not d'Orbigny.

Planulina foveolata (Brady), Cushman, 1931, U. S. Nat. Mus., Bull. 104,
pt. 8, p. Ill, pi. 2U, figs. 2 3; Coryell and Eivero, 1940, Jour. Paleont.,

vq]. 14, No. 4, p. 337, pi. 44, fig. 1.

This is one of the distinctive species of the Bowden fauna and

has been well figured by Coryell and Rivero. The specimens

from the Miocene differ from those living in the Caribbean as

figured by Cushman (1931, pi. 20, fig. 3) in that the periphery

of the final chambers is not so conspicuously rounded. Occa-

sional.

Genus CIBICIDES Montfort, 1808

Cibicides candei (d'Orbigny)

Truncatulina candei d'Orbigny, 1840, in De la Sagra, Hist. Fis., Pol.,

Nat. Cuba, " Foraminiferas " (Spanish ed.), p. 98, pi. 3, figs. 6-8.

Cibicides candei (d'Orbigny), Bermudez, 1935, Mem. Soc. Cubana Hist.

Nat., vol. 9, No. 3, pp. 142 and 220; Palmer and Bermudez, 1936,
Mem. Soc. Cubana Hist. Nat., vol. 9, No. 4, p. 241.

A very few specimens agree closely with specimens from the

coast of Cuba and the late Tertiary of the Matanzas Bay region,

Cuba (Palmer and Bermudez). They differ from the Bowden
specimens referred to Cibicides lobatus (d'Orbigny) in being

very much more compressed and in having a very narrow peri-

pheral flange. In view of the variation indicated by figures of

specimens referred to C. lobatus (d'Orbigny) it seems probable

that this is merely another variant.

Cibicides concentricus (Cushman)

Truncatulina concentrica Cushman, 1918, U. S. Geol. Survey, Bull 676,

p. 64, pi. 21, fig. 3.

Cibicides concentricus (Cushman), Cushman, 1930, Florida Geol. Sur-
vey, Bull. 4, p. 61, pi. 12, fig. 4; Cushman and Ponton, 1932, Florida
Geol. Survey, Bull. 9, p. 101; Cushman, 1931 (as C. concentrica), U.
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S. Nat. Mus., Bull. 104, pt. 8, p. 120, pi. 21, figs. 4, 5; pi. 22, figs.

1, 2; Cushnian and Cahill, 19;]3, U. S. Geo]. Survey Prof. Paper 175A,

p. 35, pi. 13, fig. 3; Coryell and Eivero, 1940, Jour. Paleont., vol. 14,

No. 4, p. 334, pi. 44, fig. 9; Palmer, 1941, Mem. Soc. Cubana Hist.

Nat., vol. 15, No. 3, p. 294, pi. 30, fig. 2.

Very rare at Sta. i. The Bowden form more closely resem-

bles the specimen figured by Cushman (1930) from the Chocta-

whatchee formation of Florida than any of the other figures cited.

Cibicides lobatus (d'Orbigny)

Truncatulina lobata d'Orbigny, 1839, in Barker-Webb and Berthelot,

Hist. Nat. lies Canaries, vol. 2, pt. 2, Foraminiferes, p. 134, pi. 2,

figs. 22-24.

TnmcafuUna lohatula d 'Orbignv, Cushman, 1918, U. S. Geol. Survey,

Bull. 676, pp. 16 and 60, pi." 1, fig. 10; Nuttall, 1928, Quart. Jour.

Geol. Soe. London, vol. 84, pt. 1, p. 98 (as T. lobatula Walker and

Jacob) ; Cushman. 1919, Carnegie Inst. Washington, Publ. 291, p. 41.

Cibicides lobatulus (Walker and Jacob), Cole, 1931, Florida Geol. Sur-

vey, Bull. 6, pi. 56; Cushman, 1931, U. S. Nat. Mus., Bull. 104, pt. 8,

p. 118, pi. 21, fig. 3 (consult for references; listed as C. lobatula).

Cibicides lobatus (d'Orbigny), Galloway and fleminway, 1941, New York
Acad. Sci., Sci. Survey Porto Ttico and Virgin Islands, vol. 3, pt. 4, p.

393, pi. 24, fig. 4.

Moderately abundant specimens in the Bowden material ap-

pear to be within the limits of variation indicated by descriptions

and figures of this species. The species is recorded from the

Eocene to the Recent in the western Atlantic region. It is prob-

ably frequently adherent in habit and is consequenth' difficult to

characterize precisely. Some of the variations probably include

C. depressus and C. concaznts Tolmachoff from the Miocene of

Colombia^^. The Bowden specimens agree well with the figures

given by Galloway and Heminway (1941).

Cibicides nucleatus (Seguenza)

Truncntulina nucleaia Seguenza, 1880, Acead. Lincei Atti, ser. 3, vol. 6,

p. 64, pi. 7, fig. 8.

Cibicides nucleata (Seguenza), Galloway and Morey, 1929, Bull. Amer.

Paleont., vol. 15, No. 55, p. 31, pi. 4, fig. 9; Palmer, 1941, Mem. Soc.

Cubana Hist. Nat., vol. 15, No. 3, p. 296 (as C. nucleatus).

Anomalina nucleata (Seguenza), Coryell and Eivero, 1940, Jour. Paleont.,

vol. 14, No. 4, p. 334, pi. 44, fig. 2; Galloway and Heminway. 1941,

New York Acad. Sci., Sci. Survey Porto Bico and Virgin Islands, vol.

3, pt. 4, p. 388, pi. 22, fig. 2.

Very occasional specimens agree closely with the original fig-

66 Tolmachoff, I. P.: A Miocene microfauna and flora from the Atrato

River, Colombia, South America, Ann. Carnegie Mus., vol. 23, 1934, pp.

338-9, pi. XLII, figs. 19-24.
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ures. They differ from the figures of a specimen from Ecuador

given by Galloway and Morrey (1929) in having fewer cham-

bers in the final whorl and very inconspicuous ventral umbo.

As Galloway and Heminway pointed out, this species is one

of a group of closely related forms characterizing deposits of this

general region from Anomalina umbonata Cushman of the mid-

dle Eocene of Louisiana to the living Cihicides io (Cushman).

The members of the group differ in the amount of angulation of

the periphery, number of chambers, sutural limbation and thick-

ness of umbos. They evidently also differ in the position of the

aperture, as indicated by the lack of agreement in generic refer-

ence. The Bowden specimens have been referred to Cihicides

because the aperture is on the periphery and extends back along

the dorsal spiral suture as indicated in the original figure of the

species.

Cihicides perforatus Coryell and Rivero

Cihicides perforatus Coryell and Rivero, 1940, Jour. Paleont., vol. 14,

No. 4, p. 835, pi. 44, fig. 18.

Rare. The specimens assigned to this species differ from

Cihicides pseudoniu/erianus and C. jloridanns in having fewer

whorls which increase more rapidly in width and fewer chambers

per whorl. The central dorsal spiral is obscured by the sutural

deposit of clear shell substance.

Cihicides pscudoungerianus (Cushman)

Truncatulina nngeriana Brady, 1884, Eept. Vov. Cliallenqer, Zoo!., vol.

9, p. U64, pi. 94, fig. 9. Not D'Orbigny.
TruncuUdina pseudounqeriana Cushman. 1922, U. S. Geol. Survey, Prof.

Paper, 129-E, p. 97, pi. 20, fig. 9.

Cihicides pseudoungeriana (Cushman), Cushman, 1931, U. S. Nat. Mus.,
Bull. 104, pt. 8, p. 123, pi. 22, figs. 3-7; Galloway and Heminveay,
1941, New York Acad. Sci., Sci. Survey Porto Rico and the Virgin
Islands, vol. 3, pt. 4, p. 395, pi. 23, fig. 5 (as C. pseudoungerianus}.

Common at Bowden. The specimens closely resemble the fig-

ures by Cushman (1931), and Galloway and Heminway (1941).
This species may be distinguished from the ,closely related C.
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floridanus (Cushman)'^^ b\- its more convex dorsal surface, more

bluntly angled peripheral margin, gently depressed, not limbate

sutures and the tendenc>- to more complanate manner of growth

with fewer whorls visible dorsally.

Cibicides robertsonianus (Brady) var. haitiensis Coryell and Rivero

Cibicides rohert.sonianus (Brady) var. haitiensis Coryell and Rivero, 1940,

Jour. Paleont., vol. 14, No. 4*, p. 385, pi. 44, figs. 4, 5, 6.

Very rare at Sta. i.

Cibicides spirolimbatus Galloway and Heminway

Cibicides spirolimbatus Galloway and Heminway, 1941, New York Acad.

Sci., Sci. Survey Porto Rico and Virgin Islands, vol. 3, pt. 4, p. 397,

pi. 25, fig. 1.

The test is of average size for the genus, biconvex
;
periphery

not keeled, not lobate except on the last chambers. Four whorls

are visible dorsally, increasing very gradually in width ; chambers

numerous, averaging 12 in the final whorl; sutures slightly

curved limbate and elevated on early whorls, less so on the final

whorl ; spiral suture broad, limbate and well elevated, constitut-

ing a distinguishing character of the species ; ventral sutures gent-

ly curved, limbate ])ut only slightly if at all elevated and uniting

in a well-developed umbilical deposit of shell substance. Surface

coarsely perforated.

This is one of the common and characteristic species of tlie

Eowden fauna. It ma}- be distinguished from C. allcui (Plum-

mer) of Galloway and Morey^^ which is also characterized by

a strongly limbate spiral suture, by its more elevated dorsal side

with more whorls which are narrower. It also closel\- resembles

the type of figure of Truncafiilina prcccincfa (Karrer) var.

ornata Silvestri®^ from the Pliocene of Italy, but has more cham-

bers.

'>' Cushman, J. A.: Some Pliocene and Miocene Foramiviferd of the

Coastal Plain of the United States, V. S. Geol. Survey, Bull. fi7(i. 191S,

p. 62, pi. 19, fig. 2.

68 Galloway, J. J., and Morrey, Margaret: A lower Tertiary foram-

iniferal fauna from Mania, Ecuador, Bull. Anier. Paleont., vol. 15, No. 55,

1929, p. 29. pi. 4, fig. 6.

69 Silvestri, A.: Foraminiferi pliocenici della Provincia di Siena, PI. II,

Accad. Pont. Nnovi Lincei Mom., Roma, 1898, vol. 15, ]). 299, pi. 6, fig. 10.
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Genus DYOCIBICIDES Cushman and Valentine, 1930

Dyocibicides cf. D. biserialis Cushman and Valentine

DyociMcides biserialis Cushman and Valentine, 1930, Contr. Dept, Gaol.

Stanford University, vol. 1, p. 31, pi. 10, figs. 1, 2; Cushman and Ca-

hill, 1933, U. S. Geol. Survey, Prof. Paper, 175, p. 35, pi. 13, fig. 5

(references).

A few specimens show incipient uncoiling with biserial ar-

rangement of the final chambers. Positive specific identification

is not warranted from these immature specimens. They are quite

close to the original figure of a young specimen.

Genus CIBICIDELLA Cushman, 1927

Cibicidella variabilis (d'Orbigny)

TruncatuUna variabilis d'Orbigny, 1839, in Barker-Webb and Berthelot,

Hist. Nat. lies Canaries, vol. 2, pt. 2, p. 135, pi. 2, fig. 29.

Cibicidella variabilis (d'Orbigny), Cushman and Ponton, 1932, Florida

Geol. Survey, Bull. 9, p. 102, pi. 15, figs. 5-7.

Occasional small specimens from Bowden resemble the Florida

Miocene specimens referred to this species.

Family PLANORBULINID^

Specific determinations of representatives of this family and

also of the irregularly spreading Cibicidinae of the family

Anomalinidas from only a few or fragmentary specimens is very

unsatisfactory. The habitat, whether free or attached, will large-

ly control the shape of the test. The taxonomic difficulties in-

volved have been well stated by Heron-Allen and Earland in their

report on the Foraminifera of the Kerimba Archipelago^". The

species identified in the Bowden samples have been referred to the

figured specimens they most closely resemble.

Planorbulina acervalis Brady

Planorbulina acervalis Brady, 1884, Eep. Voy. Challenger, Zool., vol. 9,

p. 657, pi. 92, fig. 4; Cushman, 1922, Carnegie Inst. Washington, Publ.

311, p. 45, pi. 6, fig. 3 ; 1931, U. S. Nat. Mus., Bull. 104, pt. 8, p. 130,
pi. 25, fig. 1.

Very rare specimens resemble Brady's original figure.

Planorbulina mediterranensis d'Orbigny
Planorbulina mediterranensis d 'Orbigny, 1826, Ann. Sci. Nat., vol. 7, p.

280, No. 2, pi. 14, figs. 4-6; Modeles, No. 79; Cushman, 1931, U. S.

Nat. Mus., Bull. 104, pt. 8, p. 129, pi. 24, figs. 5-8.

70 Heron-Allen, E., and Earland, A.: Trans. Zool. Soc. London, 1914,
vol. 20, pp. 705 and 724-726.
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Occasional immature specimens resemble those figured by

Cushman (1931).

Genus GYPSINA Carter, 1877

Gypsina cf. G. vesicularis (Parker and Jones)

Orbitolina vesicularis Parker and Jones, 1860, Ann. Mag. Nat. Hist.,

ser. 3, vol. 6, p. 31, No. 5.

Gypsina vesicularis (Parker and Jones), Brady, 1884, Rept. Voy. Chal-

lenger, Zool., vol. 9, p. 718, pi. 101, figs. 9-12; Cushman, 1931, U. S.

Nat. Mus., Bull. 104, pt. 8, p. 135.

Several specimens have been provisionally referred to this

species as figured by Brady. They are distinguished from

Sphcerogypsina pilaris (Brady) by their subspherical or hemi-

spherical shape and smaller size.

Genus SPH^ROGYPSINA Galloway, 1933

Sphaerogypsina pilaris (Brady)

Tinoporus pilaris Brady, 1876, Ann. Soc. Mai. Belg., vol. 11, p. 103.

Gypsina globulus (Brady), Hill, 1899, Bull. Mus. Comp. Zool., vol. 34, p.

147.

Gypsina globulus (Brady) var. pilaris (Brady), Cushman, 1919, Car-

negie Inst. Washington, Publ. 291, p. 44, pi. 9, figs. 1, 2.

Gypsina pilaris (Brady) Rutten, 1940, Mem. Soc. Cubana Hist. Nat.,

vol. 14, No. 2, p. 165, pi. 24.

SpluBrogypsina pilaris (Brady), Galloway and Heminway, 1941, New
York Acad. Sci., Sci. Survey Porto Rico and Virgin Islands, vol. 3,

pt. 4, p. 406, pi. 27, fig. 8.

This is one of the most distinctive species in the Bowden for-

mation. It is moderately common in the material examined. The

specimens agree closely with the figures given by Cushman

(1919) and Rutten (1940).

Family HOMOTREMID^
Genus HOMOTREMA Hickson, 1911

Homotrema cf. H. rubrum (Lamarck)
Millepora rubra Lamarck, 1816, Hist. Nat. Anim. sans Vert., vol. 2, p.

202.

Homotrema rubrum, Hickson, 1911, Trans. Linn. Soc. London, Zool,, ser.

2, vol. 14, p. 445, pi. 30, fig. 2; pi. 31, fig. 9; pi. 32, figs. 19, 22, 28;
Cushman, 1922, Carnegie Inst. Washington, Publ. 311, p. 53, pi. 14,

figs. 6-8.

Several poorly preserved specimens have been doubtfully re-

ferred to this species. The largest specimen has a maximum di-

ameter of 7.4 mm. Another specimen has a length of 5 mm. and

the breadth at the outer end is 4.5 mm. The surface of the speci-
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mens is eroded and there is no trace of the perforated plate fill-

ing the meshwork. In size and shape the specimens closely resem-
ble those common in shallow water off Cuba.



PLATES

PLATE I ( I )
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Explanation of Plate 1 (1)

Figure Page

1 a-b. Barbourinella bermudezi, n. sp. 23
Fig. la, side view, X 55; fig. lb, apertural view.

2 a-b. Bolivina scalprata Schwager var. miocenica Macfadyen 48
Fig. 2a, side view, X 80; fig. 2b, apertural view.

3 a-b. Uvigerina charltonas, n. sp. 49
Fig. 3a, apertural view, X 60 ; fig. 3b, side view.

4 a-b. Cassidulinoides parkerianus (Brady) 66
Fig. 4a, side view, X 65 ; 4b, apertural view.

5 a-b. Saracenaria cushmani, n. sp. - 38
Fig. 5a, side view, X 50; fig. 5b, apertural view.

6. EUipsonodosaria caribaea, n. sp. _ . _ 53

X 37.

7 a-b. Planularia woodringi, n. sp. ._— _ 37
Fig. 7a, apertural view, X 29; fig. 7b, side view, X 23.

8 a-b. Astrononion cf. stelligerum (d'Orbigny) 42
Fig. 8a, apertural view; fig. 8b, side view, X 63.

9 a-c. Planulina edwardsiana (d'Orbigny) var. canimarensis
Palmer and Bermudez 71
Fig. 9a, dorsal view; fig. 9b, apertural view; fig. 9c, ven-

tral view, X 46.

10 a-c. Globorotalia menardii (d'Orbigny) var. miocenica, n. var. — . 70
Fig. 10a, ventral view; fig. 10b, peripheral view; fig. 10c,

dorsal view, X 50.

Figures drawn by Caridad Vidaurreta de Bermudez.

AH types and figured specimens are deposited in the Paleonto-
logical Eesearch Institution.
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Explanation of Plate 2 (2)

Figure Page

1 a-c. Amphistegina lessonii d'Orbigny var. bowdenensis, n. var 64

Fig. la, dorsal view; fig. lb, peripheral view; fig. Ic, ven-
tral view, X 35.

2 a-c. Amphistegina angulata (Cushman) 63

Fig. 2a, dorsal view; fig. 2b, peripheral view; fig. 2c, ven-
tral view, X 55.

3 a-c. Eponides coryelli, n. sp. 58
Mierospheric form? Fig. 3a, ventral view; fig. 3b, periph-

eral view; fig. 3c, dorsal view, X 54.

4 a-c. Eponides coryelli, n. sp. 58
Megalospheric form? Fig. 4a, ventral view; fig. 4b, periph-

eral view; fig. 4c, dorsal view; X 40.

Figures drawn by Caridad Vidaurreta de Bermudez.

AU types and figured specimens are deposited in the Paleonto-
logical Research Institution.
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ORDOVICIAN CEPHALOPODA OF THE
CINCINNATI REGION

PART I

By

Rousseau H. Flower

Uuivei'sity of Cincinnati

INTRODUCTION

The Cincinnati region furnishes the type section of the Upper

Ordovician of America, and its assemblage of fossils is world fam-

ous, both for the prolific abundance of individuals and for excel-

lence of preservation. Many, indeed most of the species of this re-

gion, have been made known through the efforts of those men in

Cincinnati, amateurs in the best sense of the term, whose interest

was captured by the remains of these ancient organisms. For

those who have come after them, however, the problems of study

and identification have become acute, for the original descrip-

tions are so widely scattered in the geological literature that

proper identification can be attempted only by those who have

access to a well-stocked library. F"urther, many of the old de-

scriptions are today too general to meet the exacting require-

ments of modern taxonomy, and revision of these species is bad-

ly needed. Likewise, the stratigrapher now desires precise in-

formation on the range of the Cincinnati species in terms of more

than 1 8 members now recognized in the Cincinnati section.

Likevvise, much material representing undescribed species has ac-

cumulated. For these reasons a complete revision of the Cin-

cinnatian faunas is needed. It has been the hope of the Univer-

sit}^ of Cincinnati Museum for some years that such work could

be undertaken, preferably by the individual treatment of the vari-

ous systematic groups which comprise the Cincinnatian fauna

as a whole.
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In initiating this projected series, the Cephalopoda are a fit-

ting beginning, since they are among the best known of the fossil

groups in ecjuivalent horizons, due to the work of Foerste (1925-

;^^) in America, Teichert (1934) and Troedsson (1926) in the

Arctic, and Strand (1934) and Teichert (1930) in northern

Europe. On the other hand, the cephalopods of the Cincinnati

region are perhaps the most neglected of the systematic units

comprising the Cincinnatian fauna. This is shown by the fact

that of the 50 species described from the Cincinnati region prior

to 1935, only 24 are included in the 163 species discussed in Part

I of this paper, the remainder being new. Of these 24 described

species, three are unrecognizable. Twenty-six species already

named, remain to be revised in the second part of this work. Four

of these are certainly unrecognizable, and still others can be rec-

ognized only if the type specimens can be relocated and restud-

ied. In addition, Cincinnati cephalopods have been identified in

terms of 16 species described from other regions. In those cases

in which the specimens forming the basis of these identifications

have iDeen relocated and restudied, the identifications have been

found to be either erroneous or based upon material too poor for

certain specific identification. The commonest species of Cin-

cinnati cephalopods are the smooth orthoceracones. These are

always fragmentary and frequently crushed. The identification

of such forms from the extant descriptions and figures is virtu-

ally impossible. Recourse must be had to the type specimens

in order to establish upon an adequate basis the species now de-

scribed. No small part of the task has been an effort to re-

locate these types. One, the type of Melia cincinatcc* is in Paris,

if lit is preserved. Those in America are widely scattered, liter-

ally from the Harvard Museum of Comparative Zoology to the

I'niversity of California. Many have not been located.

The description and illustration of the species are the first re-

quirement, and, where such a procedure is feasible, they are sup-

plemented bv keys. In many cases, however, the frar^mentary

nature of the remains makes the use of keys difificult if not im-

possible.

*Spening as in text, D 'Oibigny, Prodrome, 1850, p. 4 ; M. Cincinnatce

Index, D'Orbigny, Prodrome, p. 95.—Eds.
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Illustrations and descriptions are the prime requisite for the

student whose main interest lies in the identification of the fos-

sils in the Cincinnati region. For the stratigrapher and the stu-

dent of faunal relations, this information has not in itself great

value. Practically all of the species of cephalopods of the Cin-

cinnati region are confined to this area and do not extend far, if

at all, into other regions. For this reason, the species as such

have little value in settling the problems of correlation or the

tracing of faunal migrations. Correlation on the basis of the

genera gives S(;me information on faunal relationships but is an

unsafe guide to correlation. Foerste (1932, '33), found the

same genera but different species inhabiting two distinct Middle

Ordovician faunas, one now regarded by Kay as of Black River

age, while the other, which is certainly slightly younger, he now
regards as Rockland age, basal Trenton. However, some clues

to such problems may be found by the examination of the genus

as a unit. Where the factual information is adequate, it should

be possible to trace a genus from the primitive generalized spe-

cies by which it is first represented, through later variation and

expansion of the stock, the possible development of distinguish-

able species groups, which often characterize its later develop-

ment, to the appearance of phylogerontrc forms, which some-

times characterize the last survivors of the stock. By drawing

upon the published information, together with knowledge of such

unpublished material, notably a large Chazyan fauna of over

70 species, which is still largely undescribed, and much Middle

Ordovician material, notably from Quebec, submitted to the

writer for study by Mr. G. Winston Sinclair, it has often been

possible to trace fairly clearly the development of the genus. Fur-

ther, some light is thrown upon the problem of the interpreta-

tions of the faunal changes in terms of the rather complex con-

cept of alternating faunal invasions from the north and south.

For example, the supposedly austral Cynthiana fauna has been

found to contain elements strikingly similar to the supposedly

I)oreal faunas of the Vaureal of Anticosti, the Whitehead forma-

tion of Gaspe, the Bighorn formation of Wyoming, and the

Red River series of Manitoba. As an example of progressive
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evolution in a genus, Cynthiana species of Faberoceras present

a marked contrast to the obviously more rugose, larger, and

more complex species of the Leipers, while the crowded camerse

of the Corryville form marks it as phylogerontic in relation to

the Leipers (I'airmount equivalent) forbears. Again, the young-

est of the species of Manitoulinoceras, M. iiltimum of the Elk-

horn, is phylogerontic in relation to M. moderatum of the White-

water and Saluda. On the other hand, the species of Zitteloceras

are of less aid, for the Cincinnati species fall into species groups

alread}' well differentiated in Middle Ordovician time, which

have showed little if any morphological advance which can be

correlated definitely with the }'Ounger age of the Richmond spe-

cies. The complex and bewilderingly large number of species

in the Oncoceratidai has yielded to some extent to the recogni-

tion of species groups, suggesting strongly the probable lines of

descent among the various form genera which it is feared have

little generic significance. However, these forms, on the basis

of stratigraphic evidence, arose from generalized breviconic

shells .close to the tenuous boundary between Oncoceras and

.

Beloitoccras. More form types became distinct in the Middle

Ordovician, and in general, bizarre types, such as the group of

Beloitoccras amoenum, B. gemculatum, B. protractum, and the

genera Neumatoceras, Winnipegoceras, and Digenuoceras rep-

resent the last survivors of the stock in the Richmond. While

it is felt tliat such investigations should have results which will

aid materially in arriving at more accurate concepts of the inter-

mingling migrations of faunas in the Ordovician, the problem

has been approached with caution, largely because it was real-

ized how much descriptive work remains to be done even in

American Ordovician faunas. The cephalopods of the Ordo-

vician formations of the Appalachian geosyncline south of New
York are very largely undescribed. For this reason revisions

of the concepts suggested here based upon new evidence will be

gladly welcomed.

Yet another problem has been the tracing of phylogeny and

classification. Many of the genera now employed for Ordovician
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cephalopods have never received family designation. Morpho-

logical study has made possible the placing in families of all ex-

cept a few of the genera employed in the present work, which

embraces the greater number of genera occuring in the Ameri-

can Ordovician, and in many cases indications of the relation-

ship of families has been found. The final section of the stud}'

of American Ozarkian and Canadian faunas appeared when this

investigation had reached its final stages. While further study

of these forms will doubtless add materially to the present con-

cepts of both cephalopod development and faunal relations in the

early Paleozoic, it must be confessed that in the present state of

knowledge of many of these pre-'Chazyan genera, most of which

are known from chert-replaced internal molds, there is not

enough information in relation to internal structure to demon-

strate the relationships between these older genera and those of

the post-Canadian.

There has developed in recent years a need for more precise

information concerning the range of the species throughout the

Cincinnatian. This was brought out clearly in the discussions

of Ulrich and Schuchert in relation to Ulrich's proposed re-

moval of the Richmond group to the Silurian system. Many of

the previously described species of tlie Cincinnatian are listed

as only "Hudson River group, Cincinnati, Ohio". This is part-

ly because many of the species were described at a time when

this information was considered sufficient. It was also partly

due to the keen rivalry which existed among the Cincinnati

collectors, many of whom regarded localities and horizons which

yielded their rarer treasures as carefully guarded secrets. In

order to rectify this, both at the University of Cincinnati and

at Miami University, large collections were accumulated, with

an emphasis on material accompanied by careful horizon and lo-

cality data. During the several years v.diich the writer spent

at Cincinnati, a special effort was made to accumulate cephalo-

pods accompanied by such data for the present study. Several

thousand specimens of orthoceracones were accumulated, the

study of which must be reserved for Part II of the present work.

It is believed that these will supply data on variation and the
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recurrence of species in the column, thereby making these, the

most abundant of the Cincinnati cephalopods, a useful strati-

graphic tool. Likewise, such collecting has added materially to

the rarer forms, which are largely included in the present section.

Because of the possibility that this work might suffer many
interruptions, it was decided at an early stage that the descrip-

ions should be done in small sections, sometimes a genus, and

sometimes a familv-. In order that the work could be prepared

for publication in an incomplete form at almost any stage, it

was necessary that preparation of the plates should keep pace

with the descriptions. While the descriptions in this section of

the work have been rearranged slightly in order to comply as

closely as possible with the phylogeny and classification, the

plates necessarily follow an order of their own. The first plates

(1-5) are devoted to the annulated orthoceracones, which are

followed by the Mixochoanites (Pis. 5-7). The next plates

(8-17) are devoted primarily to the Discosoroidea. However,

most of these forms were large, and in order to .conserve plate

space the smaller brevicones of the Cynthiana and Covington were

combined with them. They are followed by the Valcourocera-

tidse (Pis. 18-25), then by the characteristic genera Shidel-

eroceras, Zitteloceras, and Cyrtocerina. Plates 31-43 are de-

voted largely to the Richmond Onoceratidae, Disto,ceratidse, and

Apsidoiceratidse. The remainder of the plates illustrate such of

the Actinoceroidea as are included in the present part of the

v/ork.

Because of the writer's departure from Cincinnati, and of un-

certainty as to how soon the investigation could be resumed, it

was felt wisest to divide the work into two parts. Part II is

expected to include (i) the family Trocholitidse (2) the smooth

orthochoanitic orthoceracones, the Michelinoceratidge (3) the

remainder of the Actinoceroidea, which comprises insofar as

now known, only the prolific genus Treptoceras Flower (1942)

and (4) the Endoceroidea. These comprise groups which in-

volve special problems. Proper treatment of some requires the

examination of types which it has not 3^et been possible to lo-

cate in any institution. The endoceroids involve special prob-
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lems because of the fragmentary nature and poor preservation

of most of the Cincinnatian specimens.

Part II will also contain such general remarks as the de-

scription of supposed nautiloid trails and impressions in the Cin-

cinnatian, re\ised faunal lists, and a discussion of the faunal re-

lationships of the Cincinnati cephalopods and their bearing upon

broader aspects of Ordovician stratigraphy and paleogeography,

together with a more thorough analysis of Upper Ordovician

faunas as a whole. Because Part II may be long delayed,

incomplete faunal lists are included together with some remarks

upon the faunal and stratigraphic problems. These subjects are

expected to receive more adequate treatment in the uncompleted

part of the work.

Rousseau H. Flower

New York State Museum
January 31, 1945.

Formerly of the University of Cincinnati Museum.
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presented in every case material accompanied by detailed infor-

mation concerning its origin and horizon. A part of Dr. Shidel-
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Fabcroccras, a genus which existed then only in my own man-

uscript. Shidclcroccras is a generic name proposed by Foerste

in his manuscript, but the description of the genus was lacking.

In some cases additional material has made it seem best to pre-

sent a revised description of the species, while in a few instances

such material has necessitated a revised concept of the species

boundaries and sometimes of their generic position. These cases

are noted in the discussions of the species concerned. It has
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the work was that of Dr. Foerste and which part has been con-
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contributed material from around Cincinnati. Miss Carrie Wil-

liams has presented material which has served mainly as the basis

of our knowledge of the varied cephalopods of the OrtJwceras

duseri beds of the lower Waynesville. Dr. Kelly Hale of Wil-

mington, Ohio, has contributed some exceedingly significant

specimens from his collection.

In the search for types of Cincinnatian cephalopods, practical-

ly all of the major institutions in eastern North America have

been iconsulted. Dr. Ray S. Basskr has supplied information in

relation to the types of the U. S. National Museum, many of

which could not be consulted inasmucli as they were in storage

for the duration of the war. Dr. Carey Croneis and Mr. M. S.

Chappars have supplied information concerning the specimens in

the collections of the University of Chicago. Dr. Bruce L. Clarke

has supplied information concerning material in the collections of

the University of California, and loaned the holotype of Ortho-

ceras duseri for study. For other information I am indeljted to

Dr. J. W. Wells, Dr. Harold W. Scott, Dr. A. H. Sutton, Dr.

W. H. Easton, Dr. J. Marvin Weller, and Professor P. E. Ray-

mond.

Much information relevant to localities, horizons, and early

collections, as well as the pursuit of many of the types, has been

supplied by Dr. R. S. Bassler and Prof. W. H. Shideler, to' both

of whom I am deeply grateful for their assistance and their stead-

fast interest.

In the completion of this work at Cincinnati I have had the

support and encouragement of Dr. John L. Rich and Dr. K. E.
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Caster. The Department of Geology supplied the cutting and

photographic equipment so necessary to this investigation. The

expense of photographic supplies and a large part of the cost of

illustration were met b}- the Faber Publication Fund of the Uni-

versity of Cincinnati Museum. This proved inadequate for the

large number of plates necessary for the proper illustration of the

cephalopods, and was materially supplemented by other grants

as noted hereafter under "Plates".

Many have aided in the completion of this work. For discus-

sion of many of the problems I am indebted to Dr. K. E. Caster,

Dr. W. H. Shideler, Dr. R. S. Bassler, Dr. Winifred Goldring,

and Dr. Rudolph Ruedemann. Miss Jane Forsythe has aided in

the checking and cataloguing of the types. Mrs. J. A. Dalve has

assisted in the completion of some of the illustrations. Mr. Clin-

ton Kiifoyle has prepared several of the figures representing the

phylogeny of the suborthochoanitic cephalopods and the Discos-

oroidea. I wish also to thank Dr. Winifred Goldring who gener-

ously assisted in rechecking the manuscript in the final stages.

For stenographic assistance I am indebted to the New York

State Museum.

Lastly, I wish to express my indebtedness to Professor G. D.

Harris and Dr. Katherine V. W. Palmer for the thankless task of

editing and also assistance in reading proof.

NAUTILOID MORPHOLOGY
In the last 15 years great advances have been made in the

knowledge of nautiloid structure, and advantage has been taken

of hitherto neglected features both in the description and in the

tracing of phylogeny. For this reason, the study of nautiloids has

progressed rapidly from a point at which only the gross features

of the shell were taken into consideration to one at which the

structures are examined to a detailed extent which is almost his-

tological rather than morphological. The general knowledge of

these ex,ceedingly complex creatures has lagged far behind the

outposts of research, and the structures, as well as the rather

formidable system of nomenclature which is employed in their

description, is a matter which is unfortunately known to relatively

few paleontologists. Further, even the more recent text books
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in English have not kept pace with the recent investigations ; in-

deed, most of them rely upon Hyatt's (lyoo) concept of morph-

ology and classification, which has since heen greatly elaborated

and strongly modified. European texts arc in an even worse

state, and Hyatt's classification has there been rejected for a

much more primitive classification built in general upon the fonii

of tlie shell and ignoring internal structural difl:erences. (See

Zittel, Grundziige der Palseontologie, 19 lo, Schmidt, 1910, and

Schindewolf, 19-^:2.)

In order that this work may find a greater sphere of usefulness,

and the information contained within it may be made more read-

ily available to both the paleontologist and to the amateur, a brief

sia-vey of the essential niorpliological features of the Nautiloidea

is presented here together with such diagrams as are necessary

for the portrayal of the essential structures. Some general dis-

cussions of morphology have prefaced various of the earlier stud-

ies of cephalopod faunas, in particular, Ruedemann ( 1906) and

Troedsson (1926). Miller, Dunbar, and Condra (1933) have

presented a brief and very lucid discussion of the anatomy of

Nautilus tosrether witli a description of general shell terms, in

which several points of shell terminology have received treatment.

Their nomenclature is adopted here insofar as it pertains to the

sliell features under discussion. It does not, however, take into

account the m.ore recent advances into the knowledge of internal

structure, the first of which (Teichert, 1933) appeared in the

same year. Teichert presented a tliorou'jh and detailed investi-

gation of the internal structure of the actinoceroids with special

reference to the deposits of the camerre and the sipliuncle, which

will rightly take its place as a classic in nautiloid investigation.

It is the first work in which the deposits were considered with

reference to their growth relations and their function. Flower

(1939) presented a similar investigation of the Pseudortliocer-

atidae, in which particular attention was given to the tissues

which were responsible for their secretion. In this work Teichert's

nomenclature is followed in the main, but in several instances it

has been shortened and simplified. Kobayashi (1935, 1935A,
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1936) has brought to hg'ht previously unsuspected variations in

the structure of the endosiphuncle of endoceroids, based largely

upon a study of the rich cephalopod faunas of the Ordovician of

Manchuria. Flower (1941) has dealt with the details of the

structure of the siphuncle wall in endoceroids and related types,

while the study of the older cephalopods of America (Ulrich and

Foerste, 1933, 1935; Ulrich, Foerste, Miller, and Furnish, 1942;

Uhich, Foerste, and Miller, 19-J3) have brought to light addition-

al structural variations not all of which are as yet fully under-

stood.

The following discussion of morphology is largely general.

Fach group within the nautiloids lias developed its own special

structures within the sijjhuncle and camer^e, and it has seemed

best to treat these in the prefatory remarks of the groups to

which they apply.

GENERAL SHELL PATTERN

The nautiloid shell is a cone in its simplest, though not neces-

sarily its most primitive form. It differs from the cone of the

gastropod shell in that it is not filled by the body mass throughout

life. Instead, the shell grew so rapidly at the aperture that the

visceral mass of the animal could not fill it. The animal moved

forward in the shell at periodic intervals, each time shut-

ting off the earlier part of the shell incompletely by a septum. In

time a series of septa was built up in this way but always a

nonseptate living chamber remained at the adoral end of the shell.

Thus the cephalopod shell has come to be divided into two main

regions, the living chamber and the phragmocone (fig. i). In the

earliest growth stage there is, of course, only a living chamber.

However, once the phragmocone was developed, its growth con-

tinued in such a way that the living chamber maintained about the

same proportions throughout life, except where as in the ascocer-

oids and the brevicones, modifications of either the shell wall or

the septa interfered with this relationship.

Many of the older works have insisted upon a primary divis-
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ion of the cephalopod shell into two regions : a protoconch and a

conch. It has been generally believed that the cephalopod ap-

peared in a small ovoid protoconch (fig. i ), open at one end,

and that this protoconch later had the true conch added onto its

adoral end. In later growth stages the protoconch was frequent-

ly lost, either because it was originally chitinous or else very poor-

ly calcified, or because it was resorbed. Further, it was held

that the fragile and presumably noncalcareous protoconch was

one of the features which characterized the Nautiloidea and dis-

tinguished it from the Ammonoidea, in which the shell began

Figure 1. Internal mold of a generalized ortlioceracone, viewed from
the ventral side. H. Hyi^ononiic sinus. L. Living chamber. P. Phrag-
mocone. E. Protoconch, embryonal shell. G. Gerontic camerse. S. Suture.

O. Camera.

with a well calcified more or less spherical protoconch. How-
ever, subsequently some protoconchs have been found in the

Nautiloidea (Clarke, 1893 ; 1897, pi. 9, figs. 23-25 ; Ruedemann,

1912, p. 8, figs. 4, 16), while on the other hand the evidence at the

present time suggests overwhelmingly that in the Actinoceroidea

and the Endoceroidea no protoconch as such was developed. The

occurrence and phylogenetic significance of the protoconch in

Nautiloidea is still an unsettled problem, particularly as there is

even a difference of opinion as to whether Nautilus has a pro-

toconch.
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VISCERAL MASS

There is no direct evidence as to the structure of the visceral

mass or the main part of the body of the fossil nautiloids. All

of the direct evidence bearing upon this problem is found in what

is known of the only living genus of the Nautiloidea, Nautilus

itself. As the last survivor of a group of nautiloids which have

remained coiled througliout the Mesozoic and Cenozoic, we may
suspect that A'autHus may have undergone specializations in tis-

sue organization and that the present body pattern may be quite

different from that of the orthoceracones which dominated the

H/ 'R 5 'q p

Figure 2. Diagrammatic sagittal section of Nautilus showing location of
main organs and relation of soft parts to shell. A. Tentacles, surround-
ing the mouth. B. Beak. C. Prelingual processes. D. Eadula. E. Tongue.
F. First suboesophageal ganglion. G. Oesophagus. H. Supracesophageal
ganglion. F and G are a part of a circumoral nerve ring, essentially the
brain. I. Crop. J. Portions of the liver. K. Gizzard. L. Space occu-

pied by reproductive organs. M. Intestine. N. Heart. O. Nephridia. P.
Ctenidia. Q. Portion of cartilage, incompletely represented, forming a
capsule in the cephalic region. T?. Shell wall. S. Mantle lobe. T. Dorsal
iiiriiitle ]o))o. Ily. Ilypouoine, (ip( iiiiio; of gill ciiaiiilter. TM. Terminal
mantle. PM. Posterior mantle. SP. Se].tum. SN. Septal neck. CR. Con-
necting ring. CM. Cameral mantle. ST. Siphonal tissue. CS. Cameral
space, occupied by liquiil or gas. The tissues of the phragmocone are
shown only on the four adoral camerse. SC. Siphonal caecum, termination
of siphuncle in apex of shell.
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Paleozoic. Some indirect evidence, bearing upon the problem

in the form of trails and resting places attributed to orthocera-

cones, has been found in the Cincinnatian, which will be discussed

in Part II of this work.

Figure 2 shows a diagrammatic sagittal section of Nautilus, de-

signed to show first, the general body plan of the animal, and

second, the relation of the soft parts to the shell.

Dean (1901) has presented one of the very few accounts of

living Nautilus in its natural habitat. The animal is essentially

benthonic, though capable both of crawling on the bottom or of

swimming. This may be done either b}' movement of the tenta-

cles or by the forcible extrusion of water from the gill chamber

through the hyponome, which exerts sufficient force to propel

the animal backward through the water. The whole animal is

made lighter and therefore more motile by the presence of gas in

the camerie. Pruvot-Fol (1935) has argued, probably correctly,

that the chambers of the phragmocone are only . partially filled

with gas. The gas is similar to air, but has a somewhat higher

nitrogen content. As Nautilus inhabits relatively deep waters

this is easy to understand, when one remembers the "bends"

which affect divers and which are due to the greater solubility of

nitrogen in the blood under the pressure of depth.

The protruding head of Nautilus consists of an elaborate sys-

tem of tentacles surrounding the mouth, a pair of eyes which are

simpler than those of the squids, in that they lack a crystalline

lens. Beneath the head lies the foot, consisting of a rolled funnel

or hyponome through which water is extruded in swimming.

When the animal retracts into the shell, the aperture is protected

by a thick fleshy dorsal fold, the hood.

The mouth is equipped with a horny or calcareous beak (fig.

2B), consisting of an upper and an under process, the whole

looking much like the beak of a parrot. Behind this lie two pre-

lingual processes (C), a well-developed radula (D), and a tongue

(E). There follows a short tubular oesophagus, which is sur-

rounded by a complex ring of nerve tissue, the dorsal portion of

which is essentially a brain (H), while the remaining parts are a

fusion of the visceral ganglia. The relationship between this nerve
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ring and the usual paired dorsal ganglia which form a brain in

most molluscs, with several pairs of ventral ganglia, is strongly

paralleled b}' the development of a similar nerve ring in the

Arachnoidea from paired ganglia which predominate in the sim-

pler mandibulate line of the arthropods.

The oesophagus gives way to a large crop (tig. 2,1) which is

followed by a stomach with thick muscular walls. Behind the

stomach, the digestive glands enter into the alimentary ,canal. The

most significant of these is a large "liver" (J) which occupies a

considerable amount of space in the posterior part of the animal.

There follows a tubular intestine (M) and a simple anus open-

ing into a large anal chamber. Close to the intestine lie the heart

(N) and the nephridia(O). The anal chamber contains the open-

ings of the anus, the nephridia, the reproductive system, and in

addition, is occupied by four large ctenidia or gills (P). The re-

productive organs differ in the two sexes but lie in the posterior

part of the animal. This is significant in view of the theory pro-

posed by Ruedemann (1905) that the forward migration of the

visceral mass and the disposition of a new septum might correlate

with the periodic voiding of the sexual elements of the organism,

a theory which it is unfortunately not possible to investigate ex-

cept through studies of NautUus which have not }'et been made.

The anal chamber serves also as a breathing chamber, and

water must be taken in and expelled periodically. Its aperture is a

funnel-like structure, the hyponome (Hy ). According to the

primitive molluscan pattern, the dorsal part of the animal was

covered with a mantle, while the foot and head were ventral. In

Nautilus, the head and foot, here modified into the hyponome and

tentacles, judging from the embryology of the squid, are anterior,

v.^hile the mantle enclosed the dorsal, ventral, and posterior parts

of tlie animal. In the mantle it has been convenient to recognize

several secreting regions (Flower, 1939) as the (i) terminal

mantle, responsible for the growth of the shell at the aperture,

and which is therefore a ring around the edge of the mantle (2)

the posterior mantle vv'hich secretes the septa, and, in fossil nauti-

loids, (3) the siphonal mantle, responsible for the secretion of any

true shell structures in the siphon, and (4) the cameral mantle

\(.iM^'
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v/liich is responsible for the secretion of further shell material in

the camera;. (See hg. 2, TM, PM, CM.).

When isiuHtilus moves forward in us shell to form a new
septum It leaves belnnd a heshy strand, unce reterred to as the

siphon and later renamed tne siphuncle. i'his pierces the septa

and ends auapicaiiy in a small rounded siphonal ciecum. the

septa turn slightly apicad about the siphon forming septal necks.

Little attention has been given the siphonal tissues of Nautihis,

but it is evident tliat they are liberally supphed vv^ith blood. Fur-

ther, it is supplied by one of the main branches of the posterior

branch of the aorta, which suggests that in older cephalopods

with larger and more elaborate siphuncles tiie blood system may
have been more extensive and moie elaborate. The connecting

ring is thin in Nautilus and fragile, consisting of spicular calcite

secreted within the wall of the siphonal tissues. Within the

camerae this tissue is continuous outside of the connecting ring

with a thin layer of tissue which lines the cameras. Although in

Nautilus this tissue is no longer active as a source of cameral de-

posits, it is clearly the homologue of the cameral mantle (Flower,

1939) as established on the basis of fossil cephalopods, which ap-

parently secreted gas in the past from its inner free surface as it

does today.

Nautilus is reported to be attached to the shell by a median

girdle, which leaves a pair of lateral muscle impressions on the

sides of the interior of the shell. In addition, three aponeurotic

bands are reported, which are longitudinal structures. The ven-

tral two are close together and form tire boundary of the region

v/hich in fossil nautiloids has been termed the conchial furrow.

The dorsal band is a structure which the writer has never suc-

ceeded in identifying with certainty, but which may be only that

structure in the dorsal part of the mural part of the septum known

as the septal furrow.

In some respects Nautilus is clearly primitive, and such fea-

tures as can be regarded as primitive may ]>e assumed to have

been developed in the Paleozoic nautiloids. I should include un-

der this general heading such general features of body plan as

the organization of the alimentary canal, the development of a
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gill chamber, and a hyponome. The hyponomic sinus is a per-

sistent though far from universal feature in Nautiloidea, and in-

dicates that the li}punome was developed and probably played

a role in the locomotion of the organism close to that supplied by

the same organ in Nautilus. More conjectural is the condition of

the tentacles. Some have assumed the numerous tentacles of

Nautilus to be primitive, while other evidence leads one to be-

lieve that a system of fewer and perhaps longer tentacles may have

obtained. In the Corryville beds a few layers have been found

characterized by a horseshoe-shaped series of discrete impres-

sions. These cannot be interpreted as the markings of any other

known marine organism, and in spite of the absence of any such

impressions centering about the aperture of a nautiloid shell,

seem to be most logically interpreted as the impressions caused by

the tentacles of a Treptoceras which was either at rest on the bot-

tom or was strongly attached by tentacles to the substratum, a

condition in which Nautilus has been reported. If these mark-

ings are the tentacular impressions of Treptoceras, then it is evi-

dent that the tentacles were relatively large, and relatively few in

number. Some impressions suggest as few as lo arms. Others

suggest more, Ijut in any one resting position it is perfectly nat-

ural that one or more of the tentacles may have been moved,

thereby creating the impression of more arms than actually exist-

ed. The opinion that fossil cephalopods had relatively few arms

has not often been ventured in print, but is found reflected in many
reconstructions, that of Goldringia cyclops (Hall) in the New
York Museum being equipped with only eight arms, a condition

wdiich is not improbable, for fossil coleoids are known with fewer

arms.

On other questions of internal anatom}- no light can be thrown.

It seems probable that the two gills of the Dibranchiata repre-

sent a reduced condition and that the four gills of the Tetra-

branchiata are primitive. However, where in the long and some-

what obscure evolution of the belemnites this change occurred is

unknown, and therefore the question has been neatly avoided by

those paleontologists who, instead of recognizing tiie Dibranch-

iata and Tetrabranchiata as the main divisions of the Cephalo-



22 Bulletin 116 104

poda, have substituted the Coleoidea for the Dibranchiata (liath-

er, 1892, 1892a j, comprising all cephalopods in vvliich the shell

IS internal or secondarily lost, in this classihcation the Nauti-

loidea and Aumionoidea are considered as major divisions of the

Cephalopoda equal to the Coleoidea. 'i'iiis scheme has its advan-

tages in the present state of our knowledge inasmuch as it is not

^et certain whether the belemnites are to be traced to a simple

orthoceracone in the Nautiloidea or whether, as is suggested by

the presence of a protoconch and the structure of the siphuncle,

tliey may have been derived from Bactrites of tlie simpler Am-
nionoidea.

SHELL FOEM
Sixty years ago the genera ol Nautiloidea which were widely

recognized were distinguished mainly by the shape of the shell.

The system of classification was simple, but the genera were so

wide ranging as to have little stratigraphic signihcance. Straight

shells were placed in Orthoccras, slightly curved ones in Cyrto-

ceras. If a shell was loosely coiled it was placed in Gyruceras, if

tightly coiled, in Nautilus. Shells ,coiled eccentrically so as to

develop more or less of a spire were put in Trochoceras, while

gibbous shells, contracted at the aperture, were generally placed

together in Goniphoccras. Only a few other genera were recog-

nized widely. Some, such as Hercoceras, depended upon spec-

ializations of the ornament of the shell. Others, such as Gonio-

ceras and Ascoceras were admitted as convenient receptacles for

rare and bizarre types. However, one finds that even as late as

1910 (Schmidt, 1910, p. 103) Endoceras, Ormoceras, and Actino-

ceras were sometimes regarded as subgenera of Orthoccras.

Hyatt suspected that nature might not be quite so simple as all

that. His researches (1884, 1894, 1900) culminated in a classi-

fication built upon the premise tliat the fundamental development

of the Nautiloidea began with the straight shell and terminated in

the coiled one. However, he recognized and succeeded in dem-

onstrating that the progressive coiling of the shell had occurred

not once, but many times in the development of the nautiloids,

and that each line could be characterized by other, and usually

internal, features. Further, he recognized other byways of de-
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velopnient, the development of trochoceroids, the secondary deri-

vation of straight shells from coiled ancestral types, and the de-

velopment of endogastric curvature, commonest among the "in-

llati" of older authors, formerly lumped under Goiiiphoccras.

The concept of the gradual coiling of the shell and also in part,

the concept of uncoiling have been severely attacked in recent

years, and various other proposals have been put forward. How-
ever, Hyatt's contribution showed that the shape of the shell was

not of primar\' importance, and that internal structures showed

that externally similar forms might be only distantly related. The

present stratigraphic evidence as well as common sense indicate

that the "simple" orthoceracone of circular section—and in which

the fundamental l)ilateral s_\nimetr}' of tlie ,cephaIopoid is not al-

w^a}s evident—is not primitive. Instead, the oldest cephalopods

are small cyrtoceracones with marginal siphuncles, as in Plec-

tronoccras, from the Cambrian of Cliina.

The older generic names have been greatly restricted, but have

given rise to a series of descriptive terms. It is convenient to re-

cognize two sets, one series which may be applied to the shell as

a whole, and another which may be applied only to a portion of a

Shell form
jtraight

Furl inn of f.hcll

ortboconc
orthoconic

Entire sJiell

orthoceracone

orthoceraconic

orthoceran

curved

Inosely coiled

\v''.orJ^- in contact

imoluLc coil

eccentric coil

short fiibbous shells

cyrtocone
cyrtoconic

tyyroconc

gyroeonic

tai-phycone

tinphveonic

cyrtoceracone
cyrtoceraconic

cyrtoceran

gyroceracone
gyrocera conic
gyroceran

tarpliyceracone

tai'phyceraconic

tai-phyeeran

nnutilicone

nautiIico2iic

nantilian

trochoceracone
trochoceroid

trochoceran

brevicone
breviconic

goniphoccroid
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shell.

Except for the terms brevicoiie and brevicoiiic, which came

into use long before the appearance of such a generic name as

Brez'icGceras Flower (1938), these terms are derived from gen-

eric names of long standing. Hyatt used the -an adjectival end-

ing but tliis has been abandoned by most recent writers in favor

of the longer -conic.

The need for terms descriptive of the entire shell is at once

evident, since this feature is characteristic always of the species,

usually of the genus, and not infrequently through higher cate-

gories. Study of the various stages of the shells will show the

necessity for the other terms, those primarily applicable to por-

tions of the shell. The early stages of many coiled shells show defi-

nite regional differences in the d.evelopment of the spiral. Lifuitcs

Figure 3. Shell forms in Nautiloidea. A. Orthoceraconc. B. Cyrtocera-
cone. C. Gyroceracone. D. Tarphyceracone. E. Cross section of Tarphy-
ccras, showing slight development of impressed zone for tlic reception of
the earlier whorl. F. Nautilicone. G. Trochoceroid. H. Brevicone. I.

Lituiticone, naiitiliconie in young, the laler part orthoconic. J. Adult shell

of a cyrtoceracone wliiel! is breviconic ephebically. K. Cyrtoconie young
rtage of the same form. Tj. Gross section of whorl of a tarphyceracone
with no true impressed zone b'.it only a slight flattening of the dorsum.
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(fig. ^L ) began life as a gyroceracone or c} rtuceracuuc, but later

became tarphycoiiic for a period. The last part ut the shell, liuw-

e\er, is ortlicconic. Many shells are c} rtoconic in early stages,

but later reduce their curvature so that the adoral parts are es-

sentiail) orthoconic. higs. 3J and K show two growth stages of

the same species, the adult of which would be classed as a brevi-

cone, while the }Oung would be a cyrtoceracone. Yet other

breviconic shells are essentialh' straight as in fig. 3H.

When the shell is so tightly coiled that the outer whorl is ex-

cavated for the reception of the inner whorl, an impressed cone

is developed. This may begin as only a slight liattening of the

dorsum (fig. 3L) and develop to a definite concavit}' (fig. 3K).

Strongly involute shells (fig. 3F) may develop a very consider-

able impressed zone. In general, the impressed zone is more

j)revalent among the younger nautiloids, and in the Ordovician is

rarely half the height of the outer whorl.

Tiie main types of sliell form are illustrated in fig. 3. Since

tlie shape of the shell has changed many times in the evolution

of the nautiloids, it is not surprising that these t}pes actually inter-

grade and cannot be separated by hard and fast boundaries. The

form of the shell is constant within the species and is generally

regarded as an adequate basis for the recognition of genera.

However, there are some cases in which obviously closely related

species difi-er in little besides the shape of the sJiell. Thus in

Bick:ii''ritcs tlie genot\pe is a typical gyroceracone with the

wiiorls free, but B. mcrsJii is a tarphyceracone until the latest

gi'owtli stage, in Vv-!iich the shell becomes nearly straight produc-

irig a lituiticone (fig. 3I). Aiwiualoceras Hyatt is based upon a

nautilicone with a good impressed zone. Yet closely related to

this and associated with it are two otlier species TrocJioceras

transicns and Gyroceras niiiitisciihim, one of which is a gyro-

ceracone and another a C3"rtoceracone properly included in the

same genus, v. hich is unique in combining a symmetrical coil with

a broadl}' depressed ."^ection, and simple sutm'es with a siphuncle

markedly displaced to one side of the plane of symmetry.

We cannot dispose of the old names applied to tlie once widely

cniploved form genera without some mention of their present
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scope. Orthoceras was originally applied not to a cephalopod but

to a rudistid and cannot properly be used for cephalopods

(Teichert and Miller, 1936). Cephalopods which were placed

in Orthoceras as defined by Hyatt (1900) are now proper-

ly placed in Michelinoceras Foerste or Orthoceras Brunnich. The

latter generic name is discussed by Teichert and Miller who re-

commend its use but refrain from designating a genotype.

Cyrtoceras Goldfuss, which should be known as Cyrtoccratites

Goldfuss, since that spelling is the older, is a valid genus of Mid-

dle Devonian nautiloids known only from Europe. (Foerste,

1924, p. 337; Miller, Dunbar, and Condra, 1933, p. 47; Teichert,

1939, p. 107, footnote).

Gyroceras de Koninck, 1844, is an emended spelling of Gyro-

ccratites von Meyer, 183 1, and the older spelling should be re-

tained. The genus Gyroceratites is based upon loosely coiled

Devonian ammonoids closely allied to the better known Mimo-

ceras (see Miller, Dunbar, and Condra, 1933, p. 58).

Tarphyceras Hyatt is a valid nautiloid genus of the Canadian,

based upon Tarphyceras praeniatnrum Hyatt. Until recently

subdivided (Ulrich, Foerste, Miller, and Furnish, 1942), it was

perhaps the most characteristic single cephalopod genus of the

Canadian in America.

Nautilus Linnaeus, formerly used for all nautilicones, and some-

times tarphyceracones as well, is known only from the three rec-

ognized Recent species.

Trochoceras Barrande is today a small genus .containing shells

in which the coiling is only slightly eccentric, and which is knoAvn

onl}^ from the Middle Silurian of Bohemia.

Gomphoceras, which strangely enough, did not yield to a cog-

nate descriptive term for short rapidly expanding gibbous shells

which contract to the aperture, is a valid genus recognized in

England, America, and Bohemia in the Middle Silurian (see

Foerste, 1924, p.353)-

Most cephalopod shells are curved with the venter on the out-

side of the curve. Such shells are called exogastric. A consid-

erable number of genera are described which are known or be-

lieved to have curved their shells in the opposite direction. None

are known to be true nautilicones, but many are cyrtoceraconic.
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Orientation of these supposedly endogastric genera lias depended

upon various criteria. i*erliaps the most reliable is the presence

of a Inponomic sinus on the concave side of the shell. On tliis

basis Phraginoccras and its allies of the Silurian are considered

to be endogastric. It has been found that in these cephalopoda

the siphuncle is close to the concave side. As a consequence,

many cyrtcvceracones which have the siphuncles on the concave

side of the shell have been classed as endogastric without further

evidence. In one case at least, that of Archiacoccras of the De-

vonian of Germany (Flower, 1943), the discovery of a septal fur-

row on the concave siphonal side showed that the shell was curved

exogastrically, but that the siphuncle was dorsal in position. This

at once raises the question as to how many of the other genera

Avhich have been classed -as endogastric may actually be exogas-

tric.

The problem is of particular interest in that the oldest of the

known cephalopods, Plectronoceras, as well as a very consifler-

able group of genera in the Ozarkian and Canadian, are endogas-

tric on the basis of the position of the siphuncle. In a few cases

this orientation is suggested by a hyponomic sinus. In other cases

the sinus is either unknown or definitely absent. The sinus is

present in Burcnoceras, which attains a living chamber remark-

ably reminiscent of that of Pliragiiioccras, and appears to be pres-

ent in Buehleroccras, but is not known in any of the other genera.

No conchial or septal furrows have been observed in these forms.

Analogy of the siphuncles with those of endoceroids make the

endogastric condition fairly certain, although perhaps the ventral

position of the siphuncle in endoceroids might even be questioned.

However, if the siphuncle is correctly oriented as ventral in

endoceroids, the piloceroids at least are endogastric. Likewise,

the ventral position of the siphuncle in cyrtoconic cephalopods

presumably of the general organization of Ellemmeroceras be-

comes if not certain, at least highly probable.

SHELL MOEPHOLOGY
THE CONCH

The conch is, in its simplest form, a ,cone composed of shell

material. It grows bv addition of material to its adoral surface
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by secretion of tlie ternjinai mantle. The aperture is in general

straight and transverse to the axis of the shell. However, many
apertures are more or less undulate, havin;.;- some regions which

.-wing apicad, knovvm as sinuses, and legions which ]M-oject orad,

Icnown as crests. Most significant of these is the hyponomic

sinus, which is always ventral in position, and marks an emargi-

nation of the aperture to allow greater activity of the hyponome
in swimming.

The shell is coniposed of three la\ci-s in Nautilus, but t'.ie la\--

crs of the conch are not Vv'ell knov/n in fossil nautiloids. Quite

probably wh.en more forms have been studied tliere v/ill be found

considerable variation in the tliickness and composition of the

lasers, somewliat cor.-iparable to that already known for Recent

{ielec3pods an.d gastropods. At the present time tb.e la\"ers are

not significant taxononiically in nautiloids, because only rarely

are specimens encountered which show even faint traces of the

varioTis shell ln}-ers in thin section, any original diileren.tiation

h.aving been lost in replacenrent of the original shell material.

(Blake, 1882, p. 20; A'liller, Dunbar, and Comlra, 1033, p. 21;

Flower, 1939, p. 9.)

The surface is variously ornamented. Prominent among the

surface markings are the lines of growtli which indicate former

apertures. They are significant, for sometimes they show that

the hyponomic sinus was developed, late in life, while in other

cases they sliow that it was present from the early grov\lh stages.

Til general, tlie elaborate lobation of the aperture found in such

phragmoceroids as Hcxauicroccras is a geront'c feature, wliile

the lobation Vvdii.ch characterizes th.e Lituitidcc is jiresent from

early 3'outh.

In the simplest cases growth lines are evenly spaced. Ruede-

mann (1921, p. 310) noted a correlatinn between alternating

regions of widely spaced growth lines and closely spaced growth

lines and the spacing of the septa, from which he suggested that

possibly growth of the shell was retarded at the aperture v/hilc

septa were being secreted at the base of the living chamber in

some species. Again, other nautiloids show distinct varices of
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growth, resting stages in tlie growtii of tlie aperture, which are

marked by ])rominences in the growth hnes theuiselves, and may
be further marked b} fi-ills and spines as iii the Devonian

J\.uto,ceratid£e.

Surface markings other than hnes of growtli have received

mucli the same terminology as that emplo}ed for other organisms

and need not be treated here. The commonly used terms are de-

fined in the accompanying glossary.

The insid'; of the conch is primarily marked only by the conch-

ial furrow (Flower, 1939, p. 12) which is always mid-ventral

in position (fig. 4, CF). This and the hyponomic sinus are im-

portant guides in the orientation of cephalopod shells, for al-

though the sin:ipler shells may appear to be simple cones, the

underlying pattern is always one of bilateral symmetry, and it is

important to distinguish the dorsum from the venter.

Secondary deposits on the inside of the shell wall are found

only in the living .chamljers of gerontic shells. Most commonly

the shell is thickened close to the aperture in gerontic brevicones.

In orthoceracones, the mature living chamber is frequently con-

stJ'icted by an annular thickening of the shell wall a short distance

before the aperture is attained. In nautilicones and orthocer-

acones where such deposition has occurred, there may be left

clear or obscure impressions of the shell muscles already noterl in

connection with the soft parts. These are generally obscure in

orthoceracones. In Orthoceros, as emended by Teichert and

ATiller (1936), the mature living chamber bears three linear

projections of the sliell wall near the basal part of the living

chamber, a feature also reported in the little known Ctcnoceras

Noetling (see H)'att, 1900). Blake (1882) noted folds at the

base of the body chamber, best developed in the brevicones

{iuflati of Plake and his contemporaries). These characteristic

gerontic features have been given the name of basal zone (Flower,

1938, p. 171)-

Impressed lines on internal molds have been termed runr;cl-

scliicht by Schroeder and epidermids by Barrande. Neither

term is employed here since these authors have included under
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them a variety of structures, the basal zone, incipient cameral

deposits, and sometimes structures of the mantle surface reflect-

ed upon the thickened wall of the living chamber, which are

neither.

THE SEPTA

The septa are secreted b}' a specialized part of tlie mantle

known as the posterior mantle (fig. 2, PM), their formation fol-

lowing the movement of the visceral mass forward in the shell.

The septum consists of three main regions (Teichert, 1933;
Teichert, 1935 ; Flower, 1939) : the mural part of the septum

(fig. 4, M) which extends forward into tlic living chamber when
fiist secreted, and later often, thou<!;li not always, comes to be

equal to the length of a camera ; the free part of the septum (fig. .j,

F) which functions as a partition, shutting off the living cham-

ber from the cameras, and the camerse from each other ; the septal

neck (fig. 4, N) v<diich extends apicad ab/cnit the siphuncle. The
septum is pierced by a septal joranien through which the siphcnal

tissues pass.

The mural part of the septum is not always siniple. In Nau-
t'dv.s, it can be readily seen that the adoral termination of this

part of t1ie septum is approximate to the length of the wall of a

camera on the dorsum, but on the venter the septum thins orad,

and while its tip cannot alwa}s be made out, it clearly does not

extend the v/hole length of the camera. Tliis may- be seen quite

plainly in some specimens of Nautilus, jjarticularly in the later

whorls. It is a matter often hard to determine from fossil remains,

but in some Devonian orthoceracones, a banding of the interior of

tlie cameras shows clearly that tlie mural part of the septum ex-

tended about half the lenrth of an air cliamber.

The septal jiirrozv (Flower, 1939) sometimes referred to in

the older literature under the more noncommittal term of normal

line (ligne norinale of Barrande") is an area on tlie dorsum of

the shell in which no mural part of the septum is developed (fig.

.4, SF; fig. 6 E). This is shown clearly in Natifilus, where it is

better developed in the young stages of the shell than in the adult.

The ways in which this structure can be preserved in fossils are

variable (Flower, 1939), but it ma}' be clearly recognized bv its

appearance on every septum. Often it extends the length of the
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rnural part of the septum, and when well preserved, is an excel-

lent guide to the adoral extent of the mural part of the septum.

Often, however, it does not extend apicad to the position of the

suture, vvhei e the septum swings free from the shell wall to form

the free part of the septum. The functional and morphological

significance of this structure is not known. All discussions of

Nautilus, wliich miglit he expected to yield some information, fail

to take the structure into account or confuse it with the anoneur-

otic hands, which it does not resemhle in the least. The septal

furrow is probahly the best criterion of orientation in nautiloids

and is always dorsal, in contrast, the conchial furrow, which is a

continuous line on the interior, is always ventral in position. Some
amazing interpretations of nautiloid orientation have resulted in

the past from a confusion of these utterly unrelated structures.

There has also been some confusion between the septal furrow

and the marginal siphuncle in supposed Bactritidje.

The free part of the se])tum shows no special structures and

needs no discussion, save as it may come to 1)e incorporated in

part with the siphuncle, as noted below.

The septal neck is a funnel-like projection of the septum

around the siphuncle. Its form varies among the various groups

of cephalopods, and upon its form and structure depended the

major divisions of the nautiloids proposed by Hyatt (1900). (Fig.

4, N.)
_

In most internal molds the most conspicuous feature is the line

formed where the free part of the septum joins the shell wall.

This is the suture (fig. 4, S). Its form has been taken as one of

tlie important criteria of classification in both nautiloids and am-

monoids. The simplest sutures are straight and normal to the

axis of tlie shell. However, sutures are not infrequently lobed.

Portions of the suture which project orad are known as saddles,

^\'hile portions which project apicad are known as lobes. In gen-

eral, the suture pattern is much simpler in nautiloids than in am-

monoids, though in some of the more specialized coiled nautiloids

a complex suture pattern is attained which exceeds that of the

older and simpler of the ammonoids.
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Figure 4. A dissected shell of a generalized ortlioceracone showing es-

sential parts. The hyponomie sinus (H) and t'ne conehial furrow (CI')

mark the mid-ventral part of tlie shell. Adorally the shell is cut to the cen-

tal', showing the wall of the conch (G) and the three parts of the septa,

the free part (F) the mural part (M) and the septal neck (N) which is

cyrtochoanitic in this form. The first segment of the siphuncle is cut to

the center and is formed by the neck supplemented by the connecting ring

(R). The next segment of the siphuncle is entire and its exterior is shown.

At its base, the entire free part of the septum is retained. In the next
camera, part of the mural part of the septum is preserved on the nearer

side. This is complete adorally on the right side, showing tlie septal fur-

row (SF). The entire mural part of the septum is retained in the last

camera, obscuring the interior. OF. Conehial furrow.

Variations in the suture pattern may be attributed to various

causes. Some are the direct result of a discordance between the

section of the shell and the curvature of the free pait of the sep-

tum. A simple orthoceracone has a straight suture. The septum

curves gently apicad from the suture, like a portion of the surface
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of a sphere, attaining- the greatest depth typically at the siphuncle.

if the internal mold of such a shell is carved in such a way as to

niodif} the section from circular to compressed, lateral lobes will

result, i^ikewise, if instead the dorsum and venter are carved

away, dorsal and ventral lobes will result separated by lateral

saddles. Assuming such a simple septum in a coiled shell, if an

impressed zone is carved on the dorsum, the sutures will im-

mediately assume lobes there as a result. Many of the (;lder

nautiloids show tliese simple variations iff pattern which may be

ccjrrelated perfectly with the section. Further, wherever the

siphuncle is shown to be marginal, the sutures will be expected

to slope apicad on the siphonal side of the shell. This is true to a

greater or lesser extent in many endoceroids.

However, inspection of septa shows that this simple ideal con-

dition, while not uncommon, is often more or less modiiied. In

most cyrtoconic cephalopods the siphuncle does not lie at the

point of greatest depth of the free part of the septum as judged by

its suture. Further, as might be expected, there are modifications

of section which are accompanied by variations in the curvature

of the sejJtum in vertical and horizontal planes, so that depressed

and compressed shells may both have simple transverse unlobed

sutures.

Again, lobation of the sutures may be the direct result of spec-

ializations of the septum itself which develops definite irregular-

ities so that it is no longer a portion of the surface of a sphere.

Such modifications often involve a definite folding of the free part

of the septum, particularly in ammonoids. This type of speciali-

zation is found in few of the older nautiloids and is only very

slightly developed in those of the Ordovician. However, these

different groups of septa and sutures are characteristic of var-

ious groups of nautiloids and promise to be of some value in

tracing relationship.

The stable septum, in which the curvature becomes fixed, as

though the shells were carved from internal molds of a simpler



34 Bulletin 116 116

section, and the suture pattern, will show a constant accord be-

tween the lobation and the cross section of the shell, i his is de-

veloped in many oncoceroids.

The stable suture, on the other hand, requires an increase or

decrease of the horizontal curve of the septum in relation to the

curvature in the dorso-ventral plane, in order to stabilize the

suture. This appears to prevail in fewer cephalopods but is devel-

oped in Anomaloceras.

A third type is the functional suture, in which the lobes and

saddles are the direct reflection of modihcations of the septum

from a simple curved surface, in its most generalized state, the

surface of a portion of a sphere. Sometimes, as in the older

Ammonoidea, there are deiinite crenulations of the septum as it

approaches the shell wall. Sometimes the modihcations are less

marked, and the septum represents the portion of the surface of

an ellipsoid rather than a sphere. In either case, the details of

the lobation may either behave as stable septa, in the presence of

a series showing variations in cross section, or may develop

stable sutures at the expense of stability of the septal pat-

tern. Again, a compromise may be effected between these two

extremes. The stability of the suture is high in the ammonites and

low in the nautiloids, where in general, tlie septum tends to be

stable, particularly in the older and simpler types.

THE CONNECTING RING

The septal neck which bends apicad in most nautiloids at the

septal foramen, fails in most cases to extend very far toward the

next adapical septum. The remainder of the length of the siphun-

cle in the camera is marked by a structure to which Hyatt gave

the name of connecting ring (see fig. 4, R; fig. 2, CR).

The connecting ring is a tubular structure which typically

passes from the tip of one septal neck to the tip of the next one.

Its variations in form will be discussed in the next section deal-

ing with the siphuncle as a whole.

Unlike most other parts found in the fossil and Recent tetra-

branchiate cephalopods, the connecting ring is not a true shell

part. It is not, as are true shell parts, secreted from a specialized
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area of ectodermal epithelium, such parts as are considered here

as functional mantles in a physiological sense. Instead it is a

structure which is secreted within the walls of the tissues of tiie

siphuncle, to which the term siplional tissues is applied. In Nau-

tilus the connecting ring is composed of minute calcareous spic-

ules held together by organic matter. It is a relatively fragile

structure, and it is not uncommon to find upon cutting into a

shell of Nautilus that the connecting rings have been partly de-

stroyed. If they were equally fragile structures in fossil cephal-

opods, the hazards of preservation there must be even greater.

However, the strength and to some degree, the structure of the

connecting ring may vary greatly among different genera and

even species of the Nautiloidea. Thus, the orthoconic genus,

Leurocycloceras, never developed this calcareous structure in

the outer portion of the siphonal tissues, and large blood vessels

were, therefore, permitted to pass direct from the siphonal to the

cameral tissues where they left their impression (Flower, 1941C).

In some genera connecting rings have never been found, as in the

Silurian species currently assigned to Heracloceras (^=Gigan-

toceras) of the east-central United States. In most of the cephalo-

pods found from the Chazyan onward the connecting ring is

thin, generally failing to show upon examination at high

magnifications any structure other than a rather spongy

texture. There are, however, several groups of cephalo-

pods in which the connecting ring came to be quite highly spe-

cialized. Many among the oldest of our cephalopods show

relatively thick connecting rings (fig. 5 A-C), so thick and

so dense that they were long not recognized as connecting-

rings but were considered as portions of the septal necks.

In some cases these connecting rings show a succession

of layers suggesting that they grew by the addition of

material to the inner and outer surfaces of an originally very thin

layer. Again there may be regional dififerentation of the struc-

ture of a connecting ring, such as the eyelet, an area of dense fine-

grained material found at the adapical tip of the ring in Tarphy-

ceras and its allies, and also in most and perhaps all endoceroids,
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and may have been present in more primitive cephalopods where

It is undetected as yet. However, many of the genera in which it

may De expected and which are regarded as probable common an-

cestors ot the iindoceroidea and the 1 arph}ceratidae, have not

yet been studied from tliin sections made trom well-preserved

material, and indeed, diin section examination of the oltier of our

nautiloids has not progressed nearly as far as is necessary for the

clarilication of many of these matters. The thickening of the con-

necting ring in these older cephalopods which are regarded as

constituting the Eurysiphonata, has been illustrated and dis-

cussed by the writer (Hower, 1941) on the basis of ellesmerocer-

oids, and tarphyceracones. A strikingly similar tlrough bizarre

type of tliickening of the connecting ring has been found in

Cyrtoceriita (Flower, 1943) {i^g. 5 A), an Ordovician genus, re-

garded as a last survival of some of the endogastric cyrtocera-

cones which predominated in the first (Ozarkian, or lowermost

Canadian) widespread development of the nautiloids in North

America.

Thickening of the connecting ring has developed in two other

groups of cephalopods. It characterized the older of the Discos-

oroidea (fig. 5 G) where it sometimes is thickened in an annular

manner within the septal neck and may simulate very closely

annulosiphonate deposits of quite distinct origin and structure.

Again, in the vast and almost certainly polyphyletic group of ceph-

alopods characterized by actinosiphonate structure (fig, 5 F),

the connecting ring is greatly thickened throughout its length, and

the processes which extend from the main body of the connecting

ring into the cavity of the siphuncle are morphologically merely

extensions of the ring itself in which certain differentiations of

structures may or may not have taken place, Holm (1899) has

shown another modification of the ring in Bathmoceras (fig. 5 C)

which may mark the origin of the annulosiphonate deposits of the

actinoceroids.

Although the fundamental fact that the connecting ring, which

is usually the greater part of the "wall" of the siphuncle, may be

greatly thickened and may be responsible for many bizarre struc-
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Figure 5. Siphuncles, showing role and modifications of the connecting

ring. A. Cyrtocerina madlsonensis with aneuchoanitic necks and thickened

rings with obscure marginal layers. B. Condition found in Proterocamer-

oceras and some Tarphyceratidae, witli aneuchoanitic neck and a connecting

ring tiiiekeiied, simulating a continuation of the neck in opaque section,

bui in thin section showing two layers. C. Bathmoceras, redrawn from

Holm, showing thickening of the connecting ring and its development into

forward projecting lobose processes. D. Holoehoanitie siplmncle wall,

consisting only of septal necks, formerly believed to characterize the

eudoceroids. E. Actual condition found in holoehoanitie endoceroids

with thick connecting rings, each terminating in an eyelet. F. Actinosipho-

nate structure from Augustoceras_ showing the development of the deposit

as a thickening of the connecting ring. G. Thickened connecting rings

found in the Westonoceratidse, from Faberoceras.

tures, was pointed out by Holm long ago, the concept has not

come to be generally realized. Ulrich, Foerste, Miller, and

Furnish in treating the Tarphyceratidae and their allies, see in tlie

outer layers of the thickened ring only cameral deposits. Actual-

ly cameral deposits are completely foreign to the ring in origin,

being the true mantle secretions, and when well preserved, show

strikingly different microstructure and optical properties. How-
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ever, extensive replacement has occurred in many nautiloids, par-

ticularly in tiiose species of the older ro,cks which shov^ the max-

imum development of tliese thickened rings. In such instances

tlie evidence from a single thin section may be exceedingly am-

biguous, and more study will be necessary before the modifications

of the connecting ring and true cameral deposits can be distin-

guished with certainty in a few cases.

THE SIPIIUNCLE

The siphuncle, composed of the septal necks and usually with

the connecting ring, and frequently other accessory structures,

may best be defined as the calcareous remnant left by the siphon.

in former years it has been customary to consider the siphuncle

as consisting of two distinct structures : the ectosiphuncle, con-

sisting of the outer wall, made up of septal necks and connecting

rings ; and the endosiphuncle, consisting of all structures within

the ectosiphuncle. These may consist of cones, dissepiments,

annuli, vertical dissepiments converging toward the center of

the siphonal cavity, or rodlike or irregular progresses. Further

study of these structures has shown that the distinction between

the ecto- and endosiphuncles is not always a natural one. In some

cases secretion of the elements of the endosiphuncle is greatly de-

layed, and a definite resting period follows the secretion of the

ectosiphuncle and continues while as many as 15 or even 50 (in

some endoceroids) camerse may be added to the phragmocone,

which is the only criterion available for the lapse of time between

the development of various parts of the "shell" in any given

camera. W'hen it is necessary to make this time distinction, the

terms are useful. However, in some cephalopods the endosiph-

uncle may be formed either very late in life and very rapidly, as is

the case with some actinosiphonate deposits, or it may be formed

by a gradual growth of materials from the septal neck or from the

connecting ring in which case no true time distinction is possible.

This clearly applies to many although not all of the cases in which

the endosiphuncle is built up by the development of processes of
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the connecting ring, as in Cyrtoccrina (tig. 5 A), some Eui\>sipli-

onata (fig. 5 B), in particular Bathmoccras (iig. 5 C), and some

actinosiphonate cephalopods. In some cases it is more important

to distinguish those deposits which arise from the connecting

ring and those which are the result of the secretion of a function-

al siphonal mantle, which is a very necessary distinction between

the various deposits within the siphuncles of the Discosoroidea,

and is especially important in the Westonoceratidas where both

may be develo^^ed in the same siphuncle.

According to Hyatt, various types of ectosiphuncles character-

ized the major divisions of the Nautiloidea. In his earlier works

(1884), Hyatt differentiated between holochoanitic and ellipo-

choanitic siphuncles. Holochoanitic siphuncles were regarded

as consisting only of septal necks which extended for the length

of at least one segment of the siphuncle, and which were presum-

ably without the adjunct of connecting rings (fig. 5 D). In

contrast, another t}'pe of siphuncle has short septal necks supple-

mented by connecting rings, to which the term ellipochoanitic

was applied (fig. 5 F, G). It was generally supposed tliat the

holochoanitic condition v/as primitive and widespread among the

okler cephalopods. Ruedemann (19C5) suggested how connect-

ing rings might have developed from the endosipholining. But

surprisingly enough, thin sections showed that many of the

older cephalopods which had long been regarded as holochoanitic

were actually characterized by very short septal necks and thick

connecting rings which in opaque section looked deceptively

like septal necks (fig. 5 B). Further, when septal necks finally

did develop which extended for the length of a segment of the

siphuncle, there still remained connecting rings which were also

rttenuated, so that they lay along the inside of the septal neck in

the next adapical se^nnent (fig. 5 E).

This shows clearlv that the holochoanitic condition is not only

a feature possessed by only a small minority of those genera which

have in the pnst been regarded as holochoanitic, but also that

where the liolochoanitic .condition is attained, it is clearly a case

of specialization in which the connecting rings are retained in most
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cases.^ (Flower, 1941).

The Schistochoanites of Hyatt need not concern us here. The
group is one in which the siphuncle is supposed to be incomplete

on the venter, which is certainly not true of the better known
genera of the group, in particular Bathinoceras. Actually the

genera of the Schistochoanites are probably largely ellipochoanitic

eurysiphonate cephalopods.

In ellipochoanitic cephalopods some confusion seems to sur-

round the relative distribution of the septal neck and the .connect-

ing ring. Miller, Dunbar, and Condra state : "The adoral por-

tion of each connecting ring fits over the outside of the adapical

portion of the septal neck orad of it, but its adapical end invagi-

nates into the funnel of the septum apicad of it. Inside the septal

necks the spicular deposits (of the connecting ring) become ob-

solete (or essentially so) so that the fleshy siphon can be said to

be encased in a calcareous tube that is composed of alter-

nating septal necks and connecting rings." While this seems to

be the case in Nautilus, as can be seen by the external aspect of

the siphuncle, it does not seem to be true of most fossil cephalo-

pods which have been examined from opaque or thin sections.

Possibly the position of the connecting ring outside the adapical

end of the septal neck is one of several manifestations of the exten-

sion of the true connecting ring outward into the camerse, which

is widespread in the Eurysiphonata, and which also occurs,

though more irregularly and sparingly, in the Stenosiphonata. It

may or may not be the explanation of certain irregular structures

commonly found outside of the siphuncles of Pseudorthocer-

atidae, and indeed many other cephalopods, which everyone in-

icluding the writer, had formerly regarded as inorganic.

Teichert (1933) has represented the connecting ring as aris-

ing from the tip of the septal neck, invaginating into the next

1 Some Middle and Upj^er Ordovician endoeeroids seem to lack llie con-

necting ring, which may in these cases be lost secondarily. However, sub-

sequent examination of more material suggests that the absence of the

connecting ring in those cases wliich led to this proposal may be adven-
titious and merely the result of poor preservation. Such structure as

shown in fiff. 5 D is not known to exist.
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neck, and continuing as far as the tip of the second neck (fig. 6

A). This is certainl} borne out by all subsequent observations

of the Actinoceroidea and is also true of the endoceroid complex,

the I'arphjyceratidse, and many, perhaps most, stenosiphonate

cephalopods. In cases where the connecting ring is so thin that

it appears only as a thin line even under relatively high magnili-

cation, it is impossible to determine the exact termination of the

ring. In such cases, as in the Pseudortho^ceratidse, it may be short-

er. This is a very important question, as it involves the origin of

the annulosiphonate and also certain other types of deposits witii-

in the siphuncle. If the septal neck is in contact with the cavity

of the siphuncle, it is quite possible that siphonai deposits which

appear to be attached to the neck, and which show traces of the

prismatic structure of true sliell parts, may be derived from the

primary mantle indirectly since they may develop by expansion

and proliferation from a small part of the posterior mantle. If,

however, these deposits are actually attached to a thin connect-

ing ring, the problem of tlie origin of the mantle which secretes

them becomes infinitely more complex. The writer has suggested

that the annulosiphonate deposits of the Actinoceroidea, which are

dead) attached to the connecting ring, may be a highly special-

ized modification of the e3elet of the more primitive Eurysipho-

nata. The evidence for a similar origin of annulosiphonate de-

posits in ortliochoanitic orthoceracones and in the secondarily

cyrtochoanitic Pseudorthoceratidae, is less conclusive. There is

no good indication of the eyelet in the ancestry of these groups.

It is possible that here the mantle may be a rejuvenation of a part

of the posterior mantle left behind attached to the septum when

the animal moved forward in the shell, and which certainly was

modified in the camerre into the cameral mantle. That cameral

an<l siphonai deposits sometimes function as a unit in such a way

that a icontinuous secreting surface is formed throughout a con-

siderable interval of the phragmocone (see Geisonoceras tcicherti,

Flower, 1939, also Flower, 1939, pp. 53, 55-65), suggests a com-

mon mantle in the siphonai and cameral tissues. However, shellls

exhibiting such a continuous secreting surface do not appear prior
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to the Middle Silurian. Their late appearance suggests that their

continuous secreting surface may be specialized instead of primi-

tive and is consistent with the belief that annulosiphonate deposits

in the siphuncle may be derived not from a siphonal mantle, but

from the connecting ring.

Siphuncles which have short septal necks and connecting rings

were divided by Hyatt into orthochoanitic and cyrtochoanitic.

Cephalopods which showed in different parts of the phragmocone

a marked change from one to the other, were called mixochoa-

nitic. The orthochoanitic siphuncle is characterized, as the name

implies, by straight septal necks (fig. 6 B). The siphuncle itself is

tubular or may be faintly expanded within the camerae. The necks

should lie parallel to the axis of the siphuncle. In cyrtochoanitic

segments the necks are curved so as to point outward away from

the center of the siphuncle, and the segment is more or less ex-

panded within the cameree (fig. 5 F, G; fig. 6 A). Teichert has

found occasion to contrast the length of tlie neck, which he meas-

ures as the "neck" with the extent of the recurved portion, which

constitutes the brim (fig. 6 A). Sometimes the neck is recumbent,

lying back in contact with the free part of the septum. In such

cases, the connecting ring may be adnate to the septum outside the

tip of the neck before it becomes free and turns toward the adapi-

cal septum. When it joins the adapical septum, it may again form

an area of adnation on the adoral surface of the adapical septum.

In this way, a .considerable portion of the free part of the septum

may be incorporated into the organization of a siphuncle. This

sort of development is best exemplified in the Actinoceroidea, and

particularly in the Armenoceratidse, Gonioceratidse, and Huron-

iidse, though it is also to be found in a less advanced condition

in the Pseudorthoceratidse and in many other cyrtochoanitic

cephalopods.

Naturally, the distinction between orthochoanitic and cyrto-

choanitic siphuncles becomes in some cases a very difficult mat-

ter. The writer attempted to solve this perplexity by the adoption

of a term "suborthochoanitic" for such borderline cases. The

term is a highly useful one, first of all for descriptive purposes,

and second, because its use does much to eliminate the strong
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Figure 6. Structural details of nautiloid pliragmocoues. A. Portion of

phragmocone sliowing wall of conrli, tlie septum, and cmniocting ring: (n)

neck (b) brim (a) area of adnation. Note continuity of mural part of

septum, free part of sei>tum and septal neck. B. Portion of a camera
showing orthochoanitic septal neck, episcptal deposit (e) and hyposeptal
deposit (h) in section. C. Portion of camera showing orthochoanitic

sijTliuncle, with mural deposit in the camera. D. Aneuchoanitic siphuncle

from SMdeleroccras. E. Restored section through the dorsal wall of the

pliragmocone showing the wall of the conch, the mural part of the septum,
which is interrupted on the mid-dorsal area forming the septal furrow.

(See also fig. 4.) F. Cyrtochoanitic septal neck of an actinoccroid rein-

forced by the annulus. G. Cross section through a camera of a Pseu-
dorlhneeras, showing circumferential variation in tlie cameral deposit, the

ventral sinus, the ventrodateral masses, the dorsodateral bands, and the

dorsal hiatus. H. Circumferential distribution of cameral deposits in

Miclbelinoceras ludlowense. I. Cross section of a typical actinosiphonate
siphuncle. J. Longitudinal section througli one side of a pseudorthoceroid
siphuncle, showing the simple annulus adorally, while uejiosits farther
apicad show successive growth stages of the parietal deposits to the point at

which a continuous lining of the siphuncle is developed.

taxonomic implication of the dichotomous division of ortho-

choanitic and cyrtochoanitic.
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One other term has been employed for septal necks. Cephalo-

pods are found, particularly in the earliest strata, which have no
true adapical bend of the septum (hg. 6 D). For such struc-

tures Ulrich and Foerste proposed the term ancuchoanitic.

"Ozarkian" and some Canadian genera display this t}pe of struc-

ture. It is to be found in two Cincinnatian genera, both of which
are regarded as relics of the Canadian and Ozarkian types, Cyrt-

ocerina (fig. 5 A) and Shideleroccras (fig. 6 D) but aside from
these genera, no Chaz}'an or }ounger cases of this type of struc-

tin-e are yet known.

Hyatt used the terms holochoanitc, orthochoanitic, and cyrto-

choanitic not only as descriptive terms but made from them tax-

onomic divisions characterized only by the particular type of

siphuncle involved in each. It is now evident that these terms

are misleading. The Holochoanites of FI} att as subsequently ex-

panded are only liolochoanitic in a very small part. The history

of the Orthochoanites is as yet uncertain. The Cyrtochoanites

have evidently developed three times at least in the history of

nautiloids. The Actinoceroidea represent an early development

of cyrtochoanitic structure in the eurysiphonate line, a develop-

ment which is foreshadowed in Brrtlnunccras. In the Ch.azvan

the oncoceroids, Valcouroceratida?, and Allumettoceratidae rep-

resent three divergent but perhaps closely related lines in wliich

cyrtochoanitic segments developed in a group of cephalopods

characterized by thin connecting rings. This is indicated first

by the suborthochoanitic early stages of these cephalopods, and

second by the absence of similar cyrtoclioanitic forms and the

presence instead of suborthochoanitic cyrtocones in older strata.

Whether tlie contemporaneous Discosoroidea are closelv related

to these forms in origin, or whether they represent another in-

dependent development of cyrtochoanitic structure, is uncertain.

The Pseudorthoceritidcie represent a separate line which rle-

veloped from Middle Silurian ortlicchoanitic orthoceracones and

attained cyrtochoanitic siphuncles by Lower Devonian time. A
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few isolated examples of cyrtochoanitic or nearly cyrtochoanitic

segments are known in younger nautiliconic genera.

The Ordovician Apsidoceratidse, which do not seem to be

related to any known cyrtoconic cephalopods of the Ordovician,

may represent yet another attaiimient of cyrtochoanitic siphuncles.

Unfortunately no orthochoanitic ccphalopod is known which ap-

pears to be a likely ancestor. The Rhadinoceratidae of the

Devonian are another c}Ttochoanitic family, and the origin of this

group is clearly to be found in the orthochoanitic Silurian genus

Bickmorites. The writer has treated the development of this

family elsewhere (New York State Museum Bulletin, still in

press).

Thus, the form of the siphuncle is a matter of primary im-

portance in the classification of the nautiloids and must be

known for certain identification. Happily, many cases exist in

which fairly certain identifications can be made on the basis of the

analogy of other parts, for siphuncles are often not well pre-

served.

SIPHONAL DEPOSITS

.Siphonal deposits or endosiphoncular deposits are categories

which embrace a variety of structures which are not always close-

ly related. BrieH}-, t1ie form types are as follows :

I. Partitions and dissepiments which cross the cavity of the

siphuncle as tabulce or diaphragms. This is an early Paleozoic

feature, not found in any Cincinnatian .cephalopods. The true

nature of the structures concerned is not at present well under-

stood. They have not been observed in any post-Canadian

cephalopods.

TT. Kndoconcs. A series of solid cones filling the siphuncle,

one within another, and characteristic of the Endoceroidea as

restricted by the writer. The tips of the cones ,continue in flat

or circular tubes, and in some cases tliese tubes may be divided

by minute tabulae. The ."Structure of the endocones is treated

more thoroughly in connection with the endocerofds. Endocones

developed independently in the Disco'^oroidea and probably again
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in Troedsonella Kobayashi.

III. Annulosiplionate deposits (figs. 6 D, 7). These con-

sist of doughimtlike rings formed at the septal foramina. In ex-

treme cases the rings may l)ecome so enlarged as to occupy most

Figure 7. Idealii'>ed section of a Trcptuceras showing tlie spatinl rela-

tionships of the variouij canieral Ktriici.ur(?G. 'J'l/c sipiiunclo is wide init-

ially liaving tlic type of segment characteristic of Armcnoccras. Farther
orad the splierical segments of Ormoceras occur, and adorally the segments
of Beiroceras, which are longer ti;an wide, appcir. Annulosiphonale de-

posits appear as simple annuli, shown in the adoral segments, and grow
into pendant deposits which fill the siphuncle in the apical portion except
for the sijihonal vascular system. Tlie apical two segments show the sec-

ondary perispatial deposit in t'le pevisijalium. Carneral deposits are mural
and show an ontogenetic prog'-cssion from the adoral to ti'.e adapical part
of the tigure. This is slightly idealized in that such changes in the form
of the siphuncle and the cameral and siphonal deposits would ordinarily
occupy a longer series of cameraj.
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of the cavity of the siphuncle, as in the Actinoceroidea, and in

such cases tlie onl}' spaces remaining are the cavities of the orig-

inal vascular tubes (fig. 7).

Annulosiphonate deposits may hang within the siphuncle, not

coming in contact with the free part of the connecting ring (fig.

7, pendant deposits, Flower, 1939) or may form close against

the connecting ring (fig. 6 J, parietal deposits. Flower, 1939) but

both types begin as a simple annulus as shown in the upper por-

tion of both figures. Some, but not all, annulosiphonate deposits

show the rows of aragonitic prisms which are so generally char-

acteristic of true shell structures and are indicative of secretion

by true mantles. Others fail to show such structure, and may be

derived from the connecting ring, from the eyelet of the connect-

inig ring, or may even be independent of either the original mantle

or the connecting ring in origin. Their origin requires much
further investigation. At the present time all tliat can be said is

that these structures have developed at least twice, and probably

oftener in the history of the Nautiloidea, and may not always

have been composed of the same sort of material.

IV. Actinosiphonate deposits (fig. 5 F; fig. 6 I) consist pri-

marily of vertical rays extending from the wall of the siphuncle

toward its center. Sometimes the rays are segmental structures

and sometimes they appear to continue unbroken from segment

to segment. The writer (Flower, 1943) has reviewed some of the

types most readily available for morphological study and has come

to the belief that these structures are developed as simple out-

growths of the connecting ring proper, and that they have de-

veloped independently in different lines of descent, a few of

which can be traced back to ancestral types which are clearly

free from any actinosiphonate structures. These structures are

treated in greater detail in relation to the Valcouroceratidse, and

to a lesser extent, the Diestoceratidae, the onl}^ families in the

Cincinnatian in which actinosiphonate deposits are known.
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Hyatt (1900) believed that the cyrtochoanitic cephalopods

could be divided into tvvo groups in none of which annulosiphon-

ate deposits were at length perfected, while in the other, actinosi-

phonate deposits developed. Logical as this .conclusion was in

view of the relatively meagre morphological data available to

Hyatt, these categories of the Cyitochoanites must be abandoned.

Further, even the Cyrtochoanites themselves must be split up

since that group is remonstrably polyphyletic.

There is much variation in the type of "deposit" formed within

the siphuncle. Except for annulosiphonate and actinosiphonate

deposits, which are rather too Inroad generalizations to be useful

in more than the most general descriptive sense, there is a char-

acteristic pattern of the deposits in each group of cephalopods

where deposits are developed. It has been considered best to

confine the discussion of these special structures to the general

discussions of the groups to which they pertain. All technical

and special terms are, however, in<:luded in the glossary which

accompanies tliis discussion of morphology.

CAMERAL DEPOSITS

Deposits within the cameree of nautiloids are true shell secre-

tions and are laid down b}^ the cameral mantle (Flower, 1930),

which is kept in contact with the remainder of the organism by the

exchange of materials with tlie blood system of the siphon

through the porous connecting ring. I do not include in this

term all deposits found within the cameras. Upon occasion de-

posits arising from the connecting ring and secreted on the out-

side of the original connecting ring may be said to be cameral

deposits in the broadest possible sense of the term. However, I

exclude these structures because they are properly part of the

connecting ring and are so utterly alien in form and composition

to the true cameral deposits that to identify them as such is greatly

misleading. Further, inorganic deposits of the camerse are not

properly included in tliis term, which is significant only in rela-

tion to original natural organic structures of the cephalopod.

The various types of cameral deposits were classified by
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Teichert on the basis of their distribution against the various

walls of the camera.\ The writer (1936, 1939} attempted to find

English equivalents which would retain the functional or descrip-

tive significance of the original German terms proposed by Tei-

chert, but which would have the additional advantage of brevity.

Briefly, the following types have been recognized

:

1. Episeptal depcjsits. Formed mainly on the adoral face of

the septum and largely against the free part of the septum (fig.

6 B, e).

2. Hyposeptal deposits. Formed on the adapicad side of the

septum (fig. 6 B, h).

3. Mural deposits. A variant of the episeptal deposit, but one

which is formed mainly against the mural part of the septum, and

which encroaches extensively on the episeptal parts largely in the

later stages of growth (fig. 6 C).

4. Pseudoseptum. Tlie line of junction of episeptal and hy-

poseptal deposits in advanced stages of growth (fig. 6 B).

5. Circulus. This term was proposed to substitute for Tei-

chert's Stutzring, a ring of deposits formed outside of cyrto-

choanitic septal necks (fig. 6 F).

In addition, the surfaces of growing and mature deposits have

been found to show significant features. Terms were proposed

for the different regions found in the Pseudorthoceratidge (fig.

6 G). In general, similar patterns are found in many ellipo-

choanitic cephalopods with mural or episeptal deposits. They

consist of:

1. A ventral sinus.

2. Ventro-lateral lobes, often marked by complex ridges and

bosses.

3. Dorso-lateral bands, thinner areas, often with ridges and

strise.

4. A dorsal hiatus, an area roughly corresponding to the septal

furrow in which no deposits are formed.
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Somewhat similar patterns are found in the Actinoceroidea,

but there is rarely a clear division between the dorso-lateral bands

and the ventro-lateral masses. Pitting of the surface is more

frequent and slightly less regular.

The peculiar type of deposit found in Michelinuceras ludlow-

ense (hg. 6 H) is without a parallel in other known nautiloids,

the main feature being a conspicuous boss on the mid-ventral area

instead of the usual sinus. Mid-ventral projections, though of

quite a different shape, have been found in Leurocycloceras

(Flower, 1941) but here the projections are essentially linear,

extending from the wall of the camera toward tlie siphuncle and

extending vertically through the entire cameral space.

One other type of cameral deposit remains to be considered,

that consisting of low numerous linear projections, commonly

seen as longitudinal impressions on the internal molds and re-

sembling superficially the lluting of some kionoceroid shells. Such

deposits I have observed in a variety of brevicones where they

are clearly gerontic features. They are well developed in many

phragmoceroid shells, but are by no means confined to tliem.

They are particularly characteristic of the Ordovician JVcstono-

ceras, and indeed some shell fragments have been assigned to

that genus on the basis of these structures alone. However, they

are also to be found in the allied genus Faheroccras, described

below, and are characteristic of the Westonoceratidse rather

than of Westonoceras itself.

Data are meagre for the surface patterns of cameral deposits.

Such structures are best studied from internal molds, which

show the surface features of the deposits with exceptional clar-

ity. The types outlined above are the main ones found in nau-

tiloids. Special variations are discussed in connection with the

genera and species in which they occur.

GROWTH RELATIONSHIPS
OF SHELL PARTS

The distribution of various structures in the shells of nauti-

loids presents problems which may lead the unwary astray, par-

ticularly in relationship to the deposits of the siphuncle and cam-
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erse. Deposition of shell parts begins in almost every case at tlie

apex of the shell and extends forward. The first shell part to

appear is of course the wall of the conch. After this has devel-

oped to a certain extent, the visceral mass moves forward for

the first time and behind it is secreted the first septum. There-

after, the body mass of the animal continues to move forward

forming septa behind it at regular rhythmic intervals. In this

way the proportions of the living chamber retain a definite rela-

tionship throughout life, which is commonly expressed in simple

conical shells by the relationship between its length and its basal

diameter. On the other hand, the phragmocone is constantly in-

creased until growth ceases.

The septa are fixed once they are secreted and are not fur-

ther modified. They exemplify the serial repetition of unalterable

parts, and the oldest and most apical of the septa shows the

most primitive features. In most nautiloids there is little onto-

genetic progression of the septa, except in a few of the younger

coiled genera and the Mixochoanites, but in ammonoids where

a complex suture pattern is developed the ontogeny of the su-

ture has provided clues for identification and for phylogeny. The

connecting ring is secreted at the same time as the septum which

lies orad of it and may or may not be subsequently modified.

The deposits of the camera; appear some time after the depo-

sition of the septa. Their growth orad in the shell is in general

about equal to the rate of deposition of the septa, so that within

a species there is a constant relationship between the two. Thus

in Striacoceras typus (Saemann) about 12 camerse at the adoral

end of the phragmocone show no cameral deposits regardless of

the growth stage of the organism.

The deposits of the camerae illustrate the ontogenetic progres-

sion as found in a serial repetition of alterable parts, and the

spatial relationship of ontogenetic stages here is exactly the re-

verse of that found in the septa which are not alterable after they

are originally deposited. Each cameral deposit undergoes an on-

togeny of its own from the time when it is deposited until the
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time when, owing to varying" factors, its growtli ceases. As the

apical deposits are ohler, they are more advanced in their growth

stages than the adoral deposits, and an ontogenetic series may

be found in which tlie youngest, smallest and most adorally lo-

cated deposit represents the youngest stage, and apicad from

this is arranged a series showing successively later growth

stages and more massive deposits. Sometimes tliis series ex-

tends as far apicad as the material—nearly always incomplete

apically—permits observation. Again, a growing series of de-

posits undergoing ontogeny may terminate adapically in a ma-

ture series exhibiting a uniform condition of mass and surface

features. .Sometimes this is found where the deposits nearl)- or

completely fill the camerse. Again, maturity may be attained

owing to purely physiological factors, or to a mechanical control,

as is the case in the Pseudorthoceratidee even when the deposits

are not very thick. Normally, the phragmocone may be divided in-

to three regions in reference to the cameral deposits: i. An

adoral region free from cameral deposits. 2. A region show-

ing ontogenetic stages of the cameral deposits, which increase

in mass, and often also in complexity of the surface pattern as

they are traced apicad. 3. A region in which the cameral

deposits are mature and do not undergo further growth. Some-

times the last two regions cannot be differentiated clearly. In

some cases the axial gradient appears to function, and the growth

rate of deposits seems to decrease apicad. Part of the difficulty

is practical in estimating the relative growth of deposits in cam-

erse when the camerae themselves decrease in size apically. But

there are cases, notably in the Pseudorthoceratidse and Actino-

ceroidea, as well as some Michelinoceratidae, in which a definite

mature region is attained. When there is such a region, it grows

with the shell and increases while the first two regions of the

phragmocone may remain the same.^

2 This is a generalization. With s:i'owth infinitely more complex rela-

tionships may exist, the first two regions increasing very slightly or even

rarely, decreasing as the shell x^rogresses to maturity.



135 CiNciNNATiAN Cephalopods : Flower, 53

Siphonal deposits may show similar developments. This is

particularly true of annulosiphonate deposits. These may pre-

cede .cameral deposits in their appearance in ontogeny, as in

some Michelinoceratidae and most Actinoceroidea, or may follow

them as in the Pseudorthoceratidae, some Michelinoceratidae, and

commonly in the Sactoceratidse of the Actinoceroidea. Some

siphonal deposits seem to show no ontogenetic progression. The

endocones of the Endo,ceroidea are fixed after deposition and con-

sequently the endosiphuncle of some endoceroids shows no re-

gion in which ontogeny of the deposits can be observed by exam-

ining a series of deposits from the adoral to the adapical end.

However, even in the endoceroids further modification of the

siphonal deposits is possible. In tracing the endoceroid siphuncle

from its adoral to its adapical end, first an endosiphocylinder is

found in which no deposits are present. Second, there occurs the

endosiphocone, which is of no functional importance as a growth

stage, but marks the margin of tlie last endocone. Third, there

will appear a series of similar endocones. Sometimes tliis con-

tinues to the apex. At other times the endosiphotube is sub-

jected to further modifications, which appear some distance, and

apparently a constant one, apicad of the tip of the endosiphocone.

These may consist of tabuhe or diaphragms, as in many pilocer-

oids, and again may consist of a partial filling of the tube as in

Proterocameroceras.

It may be readily seen that both cameral and siphonal de-

posits might by greatly delayed in appearance and then grow

very rapidly, so as to soon develop over the entire phragmocone.

Cameral deposits which are delayed until the gerontic stage in

many brevicones show this phenomenon. They are essentially

vestigial and form a series of longitudinal grooves on the inside

of the phragmocone. They are best known in Westonoceras but

are also developed in many other forms, some of which are not

closely related to W^estonoceras. This same relationship may

occasionally apply to siphonal deposits as well. Direct proof is

lacking, but the available evidence suggests very strongly that a
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similar growth pattern is to be found in many, but certainly not

all actinosipiionate deposits, 'these are apparently absent in

many shells until at or near to maturity, when they grow so

rapidly as to appear at almost the same time throughout the en-

tire siphuncle. Where such an ontogenetic pattern is formed,

the deposits fail to show a clear ontogenetic progression from

young adoral deposits to mature adapical deposits.

Two other icomplications are possible, it is, of course, dis-

tinctly possible tliat the ontogeny of all of tlie members of such

serially repeated structures may not undergo a similar ontogeny.

No case is known as yet in which this applies to the deposits

of the phragmocone or siphuncle in nautiloids, but as much is yet

to be learned about these structures, the possibility is one which

must be kept in mind in tlieir study.

Or, though these parts are alterable, there may remain defin-

ite differences in tiie mature condition of tliose first secreted and

those secreted later. When such a series is found, the progres-

sion may, theoretically, be either palingenetic or proterogenetic.

The Pseudorthoceratidse show one such modification. Apical

mature deposits may fail to line the siphuncle completely but

may leave the connecting ring exposed to siphonal tissues on the

dorsal side. Such a modification has been interpreted as cceiio-

genetic (Flower, 1939). This interpretation was reached since

no such stage was found in any pseudorthoceroid prior to

late Middle Devonian (Hamilton) time, is not well devel-

oped before the Upper Devonian, and attains its fullest expres-

sion in the Pennsylvanian. The stratigraphic evidence suggests

that it is a feature which appears relatively late in the family.

Further, except for one Hamilton Dolorthoceras, regarded as

probably ancestral to Pseudorthoceras, this specialization is per-

fected only in the Pseudortlioceratinse and is not known in the

greater part of the Dolorthoceratinae, nor has it been observed in

the ancestral orthochoanitic genus Virgoceras. Since material of

these older and simpler types was ample, and both the ontogeny of

Pseudorthoceras and the stratigraphic relationship of the first
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apjjearance of the genera suggest the same conclusion, the

phylogeny may be safely interpreted in terms of a palingenetic

progression of the form of the segments of the siphuncle.^

Still another modification of the ontogenetic progression is

found in the actinosiphonate deposits, which the writer has fully

observed only in the family Valcouroceratidas. In extremely

apical segments the connecting ring is simple. Farther orad,

the ring is thickened. Still farther orad actinosiphonate rays

develop from the thickened ring, and these increase in number

to the ephebic part of the phragmocone, where they remain fair-

ly constant. Here the oldest deposits when mature are simpler,

and probably also more primitive, than those which are developed

in later segments. The pattern is further complicated by

the fact that there is a very slight series, usually only the last

two or three segments, in which immature deposits appear to be

developed. In Valcouroceras, and clearly in Manitoulinoceras,

the actinosiphonate deposits do not appear until the shell as a

whole attains a late ephebic or gerontic stage of development.

In Aufiiistoceras the same may be true, but it is also possible

that the development of the connecting ring to maturity takes

place in each segment very early, so that at any growth stage im-

mature deposits may be seen in the first two or three segments

of the siphuncle, but are mature in all segments apicad of these.

This is suggested by the presence of such deposits in nearh' every

specimen examined. Most shells were exceedingly fragmen-

tary, the living chamber and perhaps adoral camerge being brok-

3 Schindewolf (1942, p. 'M2, fig. 2 b) has figured a Pseudorthoceras

(sensu lato) Iwgenowii (Boll) from the Upper Silurian (Gotlandian) which

would seem to dispute this conclusion. While the writer has not seen the

specimen concerned, Schindewolf 's figure agrees perfectly with numerous

sections of the Cincinnatian Treptoceras, properly an actinoceroid, with the

annulosiphonate deposits greatly delayed and therefore confined to the

extreme apex of the shell. Adcrr?] parts of such s])ells conunonlv sliow

•^vhat api>ears to be an organic lining of the siphuncle. This is actually

inorganic and is the infiltrated maierial which complements an incomplete

internal mold, formed in this ease by incomplete penetration of the si-

phuncle by sediment from the adoral end. Similar structures are common
in Onnocercm and Armcnoreras in the Silurian and Devonian in America,

where the siphonal deposits are also greatly retarded and do not show on

many incomplete specimens. Schindewolf 's specimen is certainly neither a

Pseudortltoccrar< nor a mem1)or of tl'o Pscnilorth'-"- vo<-,i,-^



56 Bulletin 116 138

en oflf, so it is uncertain whether they are mature or immature

individuals. With about 50 specimens from one lo,cahty, how-

ever, it is exceedingly improbable that all of them represented

fully grown shells with adorally contracted camerse, which is

the only certain .criterion of maturity in these forms.

The time interval which may elapse between the completion

of a segment of the phragmocone, as formed by the septum and

connecting ring, and the development there of siphonal and cam-

eral deposits, is a constant source of confusion. Because of this

lag, an appreciable series of adoral camerse in a cephalopod may
lack any trace of such deposits. Specimens of the common Cin-

cinnatian genus, Treptoceras, lacking adapical parts of the phrag-

mocone may show no evidence in themselves by which the stu-

dent could determine whether the specimen should be placed in

the Actinoceroidea, the Steroplasmoceratidse, or the Pseudortho-

ceratidse. Yet these three groups have developed cyrtochoani-

tic siphuncles of similar aspect completely independently of one

another. Likewise, it is now quite certain that the perplexing

occurrence of actinosiphonate deposits in some but not in all

members of a species may be due also to the peculiar growth re-

lationships and to the delay secreting these structures until

a late ephebic or igerontic stage. Certainly some such explana-

tion seems necessary in view of the presence of such deposits in

only two out of perhaps 50 specimens of Cincinnatian Manitou-

linoceras.

Perplexities exist which suggest that much remains to be

learned concerning the growth relationships of the various nauti-

loids in addition to the generalizations included here. Unhappily

a proper study of the phenomena requires the sort of materials

which are rarely available, a considerable suite of reasonably

complete specimens of a single species, which should, further, rep-

resent various stages of growth. Suites of such material well

enough preserved for study by sections are very difficult to find.

The writer had an opportunity to study such a suite of specimens

of Striacoceras typits (Saemann) of the Cherry Valley lime-
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stone, but internal structure was not always good in these speci-

mens. In the present work a large suite of Atu/iistoccras was

available, but most specimens consisted of broken phragmocones,

so that it is uncertain at what growth stage mai\\' of the individ-

uals died. Likewise, in the suites of abundant specimens of Trcp-

tuccras, much of the material was made M-orthless through either

crushing or loss of internal structure, while nearly all specimens

were exceedingly fragmentary. Further study of actinosiphon-

,'ite cephalopods in particular is to be urged, \\hile further study

is needed to show whether there is an}' relationship between

ontogenetic stages and the features of the blades and tubes within

the siph uncles of the Endoceroidea.

GLOSSARY

actinoceroid.—Of or pertaining to the Actinoceroidea, involv-

ing a cyrtochoanitic siphuncle with connplex structure, in which

pendant annulosiplionate deposits may nearly nil the siphuncle in

advanced stages of growth, leaving onl\- the vascular spaces

which consist of a .central canal, a system of radial canals, and

a perispatium.

Actinosiplwnata.—One of the tv/o major divisions of the Cyrto-

choanites, formerly including all actinosiphonate cephalopods as

well as primitive vacuosiphonate types believed to be ancestral

to the actinosiphonate genera. As actinosiphonate structure is

polyphyletic, the Actinosiphonata may be considered obsolete as

a taxonomic unit.

actinosiphonate.—A type of siphonal deposit consisting of

lonciitudinal lamellae v.diich arise from the wall of the siphuncle

and converge, but do not meet, near the center. The deposit,

derived from the connecting ring, at least in most instances, is

polyphyletic and varies greatly in form among the various cepha-

lopods known to possess it.

adapertural.—Toward the aperture of the shell, or toward the

anterior end of the animal. (Adoral is preferred.)

adapical.—Toward the apex or initial portion of the shell.

adoral.—Literally toward the mouth, or in cephalopods toward
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the mouth or aperture of the shell. Preferred to adapertural as

shorter.

adnation, area of.—The region at which the connecting ring

lies in contact with the free part of the septum.

air chamber.—The space between the septa ; camera is a prefer-

able term.

aneuchoanitic.—A term applied to siphuncles at which the sep-

tum forms only a vestigal neck, being scarcely bent apicad.

annular.—Ringlike.

annular lobe.—A lobe of the suture in the plane of symmetry.

annulation.—A ringlike structure. Generally confined in

cephalopods to ringlike expansions of the shell wall.

annulated.—Marked by or bearing rings. Generally applied

to surface features of the shell. Rarely used to describe deposits

within the siphuncle.

Annulosiphonata.—One of two divisions of the Cyrtochoanites

(Hyatt, 1900) now obsolete, containing those Cyrtochoanites

bearing annulosiphonate deposits.

annulosiphonate.—Deposits within the siphuncle consisting of

doughnutlike rings formed at the septal foramen and attached to

the wall of the siphun,cle. A general term, involving polyphyletic

structures.

annulus, simple.—The simplest type of annulosiphonate de-

posit, the free surface of which is everywhere approximately equi-

distant from the center of deposition.

aperture.—The opening of the shell through which the head

and foot are protruded.

aponeurotic hands.—Linear bands, usually three, of attachment

of the animal to the shell. See conchial furrow.

asceroid.—A naturally truncated cephalopod with sigmoid sep-

ta ; also often applied to the septa alone.

basal zone.—A region in the basal portion of the living cham-

ber in Avhich the shell is gerontically thickened, often riroduring

a pitted or banded surface. Best developed in breviconic ceph-

alopods.

blade—A structure of uncertain nature and function runnine
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the length of the endocones in an endoccroid. Two or more blades

are usually present, the form and position of which are highly

characteristic of certain genera. More properly, endosiphoblades,

but for brevity the term blade is more often used.

breviconc.—A cephalopod shell which is short and rapidly ex-

panding. Used to include forms with open apertures (as Ri,z-

oceras) and also gomphoceroids in which the shell contracts

toward the mature aperture. A descriptive but not a classific-

atory term.

hreviconic.—Adjectival form applied to brevicones.

bulette.—A term proposed by Strand ( 1934) for annulosiphon-

ate deposits of most ellipochoanitic cephalopods except the Actino-

ceroidea. It is applied here only to the annulosiphonate or early

stage of actinosiphonate deposits, or to deposits known to be de-

rived from the generalized connecting ring.

brim.—The portion of the septal neck which extends away from

the axis of the siph uncle.

ccEcwn.—See siphonal caecum.

camera.—The space enclosed between two adjacent septa,

but not including the space set off from this by the walls of the

siphuncle.

cameral.—^Of or pertaining to the camerge.

cameral deposits.—Calcareous deposits, true shell structures,

secreted against the original walls of the camerse by a living tis-

sue. Does not include growths on the outside of the siphuncle

which are formed within instead of upon the surface of tissues.

cameral gas.—Gas secreted within the camer?e. In Naufihis

this differs from air onlv in the relatively high nitrogen content,

a condition which may be explained by the relatively high solu-

bilitv of nitrogen in the blood under such pressure as supplied by

the deep water environment of Nautilus.

cameral mantle.-—-The tissue lining the camerae in cephalo-

]->ods. responsible for the secretion of cameral deposits and gas.

Connected through the porous connecting ring with the tissues

of the siphon, and thence to the remainder of the organism.

centrad.—Toward the center. Usuallv used in connection
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with the siphuncle which for clcsciiptivc [)Uiposes may be assumed

to be a more or less mochfied cyhutler, the center of which is a

straight hne or axis.

central canal.—A canal or cavity in or near the .center of the

siphuncle of Actinoceroidea, sometimes apparent as consisting of

two parallel tubes. It connects the radial canals with the visceral

mass, and as seen in fossil forms represents the cavity formerly

occupied by large blood tubes. In rare cases, the walls of the

blood tubes themselves may be calcified.

circidus.—A cameral deposit forming a ring around a cyrto-

choanitic septal neck; the Stiit.zrJng of Teicheit (1933).

conch.—A general term applied to the entire shell.

conchial furrow.—x\ shallow furrow or groove on the inside

of the shell wall located mid-ventrally. Comparable to tlie space

between two aponeurotic bands in Naitfihts. Usually a single

structure, although a few species, notably in the Devonian Stria-

coceras Plower, three grooves are developed on the venter. (Flow-

er, 1939, pp. 12-13.)

concavosiphonatc.—A form of siphuncle concave in section be-

tween the septa. (Foerste, 1926.)

connecting ring.—A calcareous structure secreted within the

tissues of the original siphonal strand, and forming an important

\)zxi of the siphrmcle. This structure, unlike other parts of the

shell except those derived from the connecting ring itself, is mes-

odermal and is not secreted by the surface of a specialized tis-

sue, a mantle. In generalized forms the connecting ring is often

spicular, but may appear massive and amorphous, or may be

dififerentiated into specialized layers or regions.

crest.—An adoral projection of the aperture, or, in earlx- parts

of the shell, of growth lines reflecting the condition of former

apertures. The opposite of a sinus.

cyrto.—Prefix indicating curvature.

Cyrtoceras.—A generic name once applied to all slightly ciu'ved

nautiloids. Now a synonym of Cyrtocerofites, a genus known

only from the Middle Devonian of Europe.

cyrtoceracone.—A nautiloid shell in which the entire conch is

slightly curved.
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cyrtoceraconic.—Adjectival form of c\rtoceracone.

Cyrtochoanitcs.—A major division of the Nautiloidea (Hyatt,

1900) now^ obsolete, containing all ccphalopods with expanded

siphuncles and septal necks which bend outward or distad at

their tips.

cyrtoc/iuanitic.—A form type of siphuncle in which a segment

expands within the camene and the septal necks are bent out-

ward or distail at their tips. (Also, cyrtochoanoidal.)

cyrtGCune.—A shell or fragment of a shell of a nautiloid which

is slightly .curved. Properly confined to portions of shells, in con-

trast to cyrtoceraconic, but in actual usage this term has often

been used synonymously with cyrtoceracone.

cyrtoconic.—Adjectival form of cyrtocone.

distad.—^Toward the periphery or tip, as of appendages or

processes ; also, away from the base or center.

dorsal.—Of or pertaining to the dorsum, the back, or top of an

animal. In nautiloids, used arbitrarily for the side opposite the

hyponome, although properly the primitive dorsal surface of a

nautiloid may be considered to be extended so as to embrace all

except the portion protruding from the shell. Also often used for

the concave and/or the siphonal side of the shell in shells in

which no better criteria or orientation are available.

dorsal jurrozv.—A linear dorsal marking on each chamber of

the phragmocone representing a region in which the mural part

of the septum is not developed. Septal furrow is preferred as a

more descriptive term. The normal line, the Ugnc normale of

Barrande is synonymous.

dorsum.-—Properly the back or upper side of an organism, as

opposed to the venter. In nautiloids, the dorsum has properly

been expanded to cover all except the adoral surface of the animal,

and the dorsal side is arbitrarily considered, in descriptions to be

the top side, as oriented in Nautilus in life, that is the side which

is on the inside of the coil of the shell. Often used loosely and

sometimes incorrectly for d) the concave side of a shell where

no sure guide to orientation is known, and (2) for the convex
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side in cases where the siphuncle is close to the concave side, on

the theory, sometimes mistaken, that the siphuncle is generally

ventral when it is marginal.

elUpochoaiiitic.—A descriptive term applied to sipliuncles hav-

ing relatively short septal necks supplemented by connecting rings,

as opposed to the old concept of holochoanitic, in which con-

necting rings are supposed to be absent.

Ellipochoanites.— (Also Ellipochoanoidea) an obsolete group

of icephalopods (Hyatt, 1884) characterized by siphuncles com-

posed of septal necks supplemented by connecting rings. Aban-

doned by Hyatt (1900) for Orthochoanites, Cyrtochoanites, Holo-

choanites, Schistochoanites, and Mixochoanites.

ellesmeroceroid.—A descriptive term for cephalopods with large

tubular or faintly annular siphuncles, the wall .composed of short

necks and strong connecting rings, and formerly regarded erron-

eously as holochoanitic. The interior lacks endocones. and no or-

ganic deposits have been demonstrated within the siphuncles of

the group. Such cephalopods are particularly characteristic of

the Cambro-Ordovician (Ozarkian and Canadian).

endoceroid.—A descriptive term for cephalopods with large

tubular or faintly annular siphuncles containing endocones.

Formerly loosely applied (i) to Holochoanites or supposed hol-

ochoanitic shells (2) to slender shells with the above features in

contrast to tlie short rapidly expanding piloceroid. (Restricted,

Flower, 1941.)

Endoceroidea.—A superfamily grouping for endoceroids as

emended above, including both holochoanitic and ellipochoanitic

forms, and piloceroids as well as endoceroids in the old sen'^e.

endocone.—One of a series of cones formed in the adapical

portion of the siphuncle of an endoceroid. The cones are ar-

ranged with the apex pointing apicad, and new cones are formed

orad of the old ones.

endogastric.—A term applied to cephalopods which .^re curved

with the venter on the inside instead of the outside of the whorl.

Also, cephalopod shells believed to be coiled in this way on the
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basis of a siphuncle which is marginal and close to the concave

side of the shell. This interpretation has been found to be incor-

rect in some cases, as in Archiacoceras.

endosiphoblade.—Ste blade. (Ruedemann, 1905.)

endosiphocoleon.—A flat tube connecting the apices of suc-

cessive endocones and eventually filled in laterally to form the

endosiphotube. (Ruedemann, 1905.)

endosiphocone.—The conical space orad of the last endocone.

endosiphocyUnder.—The adoral cylindrical cavity of an endo-

ceroid siphuncle, where no endo,cones are developed, terminating

apically in the endosiphocone with which it is continuous.

cndosipholhiiiig.—A continuous lining of the endoceroid si-

phuncle separating the ectosiphuncle from the endocones and at-

tendant structures. (Ruedemann, 1905.)

endosiphotube.— (i) The circular tube formed by the adapical

thickening of tlie lateral walls of the endosiphocoleon in some

endoceroids. (2) Also applied to simple tubes connecting the

apices of endocones where no differentiation of coleon and tube is

possible.

endosiphuncle.—By original definition, all siphuncular struc-

tures within the ectosiphuncle. The distinction is artificial in many
.cases but not in the Endoceroidea where the term was originally

used.

Ettrysiphonata.—A major division of the cephalopods proposed

by Teichert (1933) but subsequently used for Nautiloidea

embracing the Endoceroidea, Actino,ceroidea, and their allies.

Characterized in general by long septal necks, and/or thickened

connecting rings.

eurysiplionate.—Descriptive term used here to denote the type

of siphuncular organization of the Eurysiphonata, thick complex

rings, long necks, or both.

exogastric.—Etescriptive term applied to curved or coiled

cephalopods in which the gaster, i. e., the ventral side, is on the

outside of the coil. The prevailing mode of coiling in the Nautiloi-

dea.

eyelet.—^A specialized region in the tip of the connecting ring

in many eurysiphonate cephalopods characterized by dense fine-
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grained or amorphous material.

foramen, septal.— i'he opening in the septum for the passage

of the siphonal tissues through the phragmocone.

free part uf septum.— ihe portion of the septum which travers-

es the cameras, and which is not, primitively, a part of the si-

phuncle.

funnel.—1 he septal neck. Not widely used currently.

Gomphoceras.—A generic name formerly applied to all brevic-

onic cephalopods with contracted apertures. Gomphoceras as re-

stricted is a valid genus of the Middle Silurian.

gomphoceroid.—^A descriptive term, applied to shells of the gen-

eral aspect of Gomphoceras in the older and broader sense.

Gomphoceroids are a special type of brevicone.

Holochoanites.—A division of the Nautiloidea (Hyatt, 1900)

with "funnels of siphuncular segments reaching from the septum

of origination to the plane of the next septum apicad or beyond

tills, or in some genera even to the plane of the second septum."

Holochoanites were formerly believed to lack connecting rings.

Their presence has, however, been demonstrated. As a taxo-

nomic group, the Holochoanites is no longer valid in the sense it

was used by Hyatt, for a large number of the genera included in

it are elliphochoanitic. The term would now embrace only a

small part of the Endoceroidea.

holochoanitic.— (i) Formerly supposed to apply to siphuncles

the walls of which are composed of septal necks which extend api-

cad at least the length of one segment, and which were supposedly

without connecting rings, (2) as restricted (Flower, 1941) the

term is applied to cephalopods in which the septal neck extends

apicad for the lengtli of one camera. Connecting rings are gener-

ally, perhaps always, present. Known only in certain Endocer-

oidea.

impressed zone.— (i)The concavity on one side, usually dor-

sal, of a coiled shell for the reception of the preceding whorl, (2)

zone at base of living chamber of many gerontic nautiloids with

impressions of various sorts (Flower, 1936). The term basal zone

has been substituted for this usage to avoid confusion. (Flower,

1939-

)
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intracameral deposits.—Organic deposits formed in the cam-

erae. The term cameral deposits has been substituted, since there

is no need to distinguish between these and intercameral or ex-

tracameral deposits.

lateral angle.—A special term for the angular bend in the lat-

eral part of the suture of ascoceroids, separating the main part of

the suture from the dorsal saddle. (Mixo,choanites.)

liytie normale.—The normal line (Barrande) here termed the

septal furrow.

lirce.—Following the usage of Miller, Dunbar, and Condra

(1933) liraj are here employed as raised lines, large or small,

transverse or longitudinal.

living chamber.—The adoral aseptate part of the shell occupied

in life by the visceral mass, or main part of the organism.

lobe.—A part of the suture which bends apicad. Opposite of

saddle.

lunette.—Annulosiphonate deposits which are large and mas-

sive, as in the Actinoceroidea. Employed as the opposite of

bulettes. Not employed here inasmuch as a natural distinction

based on size alone is dubious. Originally confined to the annulo-

siphonate deposits of the Actinoceroidea.

mural part of septum..—The portion of the septum which ex-

tends orad from the free part of the septum along the inside of the

wall of the shell.

mural deposits.—Deposits of the camera? which are formed

mainly against the outside, that is, against the mural part of the

septum and the wall of the conch, rather than against the free part

of the septum.

nautilicone.— (i) Any coiled cephalopod in which the whorls

are in contact. Later restricted to coiled shells which are more

or less involute, as opposed to tarphyceracone.

nautiliconic.—Adjectival form of the above.

neck.— (i) Commonly the septal neck, (2) in specialized brevi-

cones, as Ascoceras the contracted adoral part of the living cham-

ber between the aperture and the basal inflated portion (rare).

neck, septal.—The portion of the septum which is produced

apicad about the siphonal tissues at the septal foramen and forms
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a part of the siphuncle.

nepionic bulb.—The apically swollen part of the siphuncle in

many endoceroids.

oncoceroid.—A descriptive term for small compressed brevi-

cones with small empty ventral siphuncles. Essentially, (i) a

shell of the general shape of the Oncoceratidse and (2) a cepha-

lopod belonging to or descended from the Oncoceratidse.

orthocone.—A shell or better, a portion of a ,cephalopod shell

which is essentially straight.

orthoconic.—Adjectival form of the above.

orthoceracone.—A complete shell which is essentially straight

in the Nautiloidea.

orthoceraconic.—Adjectival form of the above.

Orthochoanites.—(Hyatt, 1900). EUipochoanitic cephalopods

with straight septal necks and cylindrical or nearly cylindrical

siphuncles. Ivestricted here to stenosiphonate cephalopods, to

eliminate orthochoanitic endoceroids with thick complex rings.

orthochoanitic.—Adjectival form of the above.

parietal deposits.—Annulosiphonate deposits which grow close

against the connecting ring and which do not normally project

markedly into the cavity of the siphuncle.

pendant deposits.—Annulosiphonate deposits which are in con-

tact with the wall of the siphuncle only at their point of origin,

and which otherwise hang free within the siphonal cavity.

perispatial deposits.—Carbonaceous lamellar deposits which

develop in the perispatium in the Actinoceroidea.

perispatium.—A vacant space between the annulosiphonate de-

posits and the free part of the connecting ring characteristic of

the Actinoceroidea. Regarded as a space in which tlie radial

canals ultimately divide to form .capillaries, which pass through

the ring into the cameral deposits.

phragmo ceroid.—Compressed endogastric cephalopods with

strongly contracted and strongly lobed apertures.

phragmo cone.—The chambered portion of the shell, in contrast

to the aseptate living chamber.

piloceroid.—A short breviconic shell, with aperture uncontract-

ed, a ventral siphuncle, large and rapidly expanding, and contain-
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ing endocones.

pre-basal seynients.—Coniined to the Mixochoanites. Seg-

ments of tiie siphuncle l>ing' between the septum of truncation and

the basal septum.

protoconch.— ihe initial portion of the shell, rarely found in

Nautiloidea.

proximad.—Toward the base, as of an appendage or process.

raaial canal.—Tubes running from the central canal to the

perispatium. Conhned largely to tlie Actinoceroidea.

saddle.—The portion of the suture which is bent orad.

septal furroiv.—A narrow mid-dorsal region in which the mu-

ral part of the septum is lacking. Often prominent on internal

molds of Nautiloidea.

septal neck.—The portion of the septum which is extended

apicad at the septal foramen, and which forms part of the si-

phuncle.

septum.—One of the series of partitions which set off the

camerse.

septum, jree part of.—The part of the septum traversing the

cavity of the shell.

septum, mural part of.—The portion of the septum which ex-

tends orad from the free portion and lies in contact with the wall

of the shell.

septum of truncation.—The septum which forms the base of

the mature shell of an ascoceroid, and more primitive Mixocho-

anites, apicad of which earlier parts of the shell have been lost

during the life of the organism.

sigmoid suture.—A special term for the sutures developed in

the late growth stages of ascoceroid shells (Mixochoanites )

characterized by a prominent dorsal saddle and more or less S-

shaped in lateral aspect.

sinus.—A portion of the aperture which swings apicad, in con-

trast to a crest. Also applied to growth lines which indicate ear-

lier apertures.

siphon.—The tissues which extend the length of the phrag-

mocone. Largely vascular in function.

siphonal.—Adjectival form of the above.
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siphonal ccBCwm.—The adapical portion of the siphuncle which

in many nautiloids terminates in a rounded closed sac.

siphunal mantle.— Lht speciahzed surfaice of tlie siphon which

secretes true shell structures in the siphuncle, as some annulo-

siphonate deposits.

siphonal vascular system.—The system of blood tubes in the

siphonal tissues. Well known only in the Actinoceroidea, where

the system of few and large tubes represents the only part of the

siphuncle not Idled in by excessive growth of the annulosiphonate

deposits.

suture.—The line along which the septum leaves the wall of

the shell, therefore, the point of transition from the mural to the

free part of the septum.

tarpliyceracone.—A coiled shell in which the whorls are in con-

tact, but in which they are not strongly involute, though the

dorsum may l^e flattened or slightly excavated to receive the ear-

lier whorl.

trochoceroid.—A nautiloid shell with an eccentric coil, develop-

ing more or less of a spire.

truncation.—The natural loss, in life, of the adapical portion

of the shell. (Largely in the Mixochoanites.) See also septum

of truncation.

z'enter.—The under side of the organism. In Nautiloidea this

applies to the side commonly oriented downward in life as in

Nautilus and is distinguished generally by a hyponomic sinus

and also by the conchial furrow.

vacuosiplionate.—A descriptive term applied to siphuncles

lacking any internal deposits of organic nature. (New.)

PHYTOGENY AND CLASSIFICATION

Fifty years ago all except a few bizarre types of nautiloids

were placed in the genera Orthoceras, Endoceras, Cyrtoceras,

Gyroceras, Trochoceras, Nautilus, and Gomphoceras. One look

at the outside of the shell was sufficient for the identification of

the genus. However, these genera were highly artificial, and

Hyatt (1900) presented a detailed classification based upon the

reasonable premise that the internal features of the shell were a
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better guide to relationship than was tlie exterior. His classitica-

lori is stih the only one which goes into suificient detail to indicate

the position of the various genera then known, and is the one still

outlined m most textbooks. He divided the Nautiloidea into five

groups, ihe Holochoanites contained forms in which the si-

phuncle was supposedly composed only of septal necks. The
Sichistochoanites, a small and little understood group, was erected

for cephalopods in which the septal necks were apparently incom-

plete on the venter, where tiie siphuncle lay in contact with the

wall of the shell. Mixochoanites was erected for the recep-

tion of tiie ascoceroids, which were characterized by slender seg-

ments in the early part of the shell, but in which these were ab-

ruptly succeeded by rounded globular segments in the adult.

Cephalopods whicli had short necks supplemented by connecting

rings were termed ellipochoanitic. Those which had necks par-

allel to the axis of the shell and essentially tubular segments were

placed in the Orthochoanites, those in whicli the necks were re-

curved so that their tips pointed outward and in which the seg-

ments were more or less nummuloidal, were placed in tlie Cyr-

tochoanites.

While no comprehensive and detailed classification has yet ap-

peared to replace Hyatt's scheme, subsequent study has shown

certain objections, some of which are so strong that it is no long-

er possible to use this classification. The Holochoanites were

placed first in the scheme, because it was believed that they were

the most primitive, having the simplest siphuncle walls. How-
ever, it is now apparent that the endoceroids, which constitute

the nucleus of the Holo.choanites, are not all holochoanitic. Pro-

perly speaking, the endoceroids are not a part of the Holochoan-

ites, rather the Holochoanites constitute a part of the Endocero-

idea. Further, the holochoanitic endoceroids are specialized from

older and simpler ellipochoanitic endoceroids and retain con-

necting rings as a heritage from their ellipochoanitic ancestors.

(Flower, 1941.)

The Schistochoanites are not recognized today. The genera

which constituted the group represent primitive types but are too

diverse in the structure of the siphuncle to be united. The Mix-

ochoanites (Flower, 1941) have been traced to an origin in
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orthochoanitic orthoceracones, and Chazyan types, unknown in

Hyatt's day, serve to lessen the morphological gap which separat-

ed these singular icephalopods from more generalized types.

Little progress has yet been made in the tracing of relationships

in the Orthochoanites of iiyatt, beyond tlie point to which Hyatt

(1894) carried his investigations, which were concerned primar-

ily vv^ith the coiled genera. Subsequently the writer (Flower,

1941) has noted a grave discrepancy between the thick complex

connecting rings of most coiled Canadian cephalopods on one

hand, and the thin simple rings of post-Canadian genera on the

other, which suggests tliat two independent stocks may be rep-

resented among the older coiled cephalopods. Ulrich, Foerste,

Miller, and Furnish (1942) have failed to recognize these struc-

tures as thickened connecting rings and have apparently not even

suspected the possibility of homeomorphy which the anomalous

condition of the siphuncles suggest.

The CyrtOichoanites, as already noted in the discussion of the

morphology of the siphuncle (p. 44) constitute several morpho-

logically convergent stocks, and developed independently at least

four times in the history of the nautiloids, and probably oftener.

The last 20 years of nautiloid investigation have resulted in the

recognition of many genera which have never been assigned to

families or groups of higher rank. Foerste rarely if ever discussed

relationship. The impression which one gets from his work is

that he realized that he was dealing with uncertainties in rela-

tionship, and tliat progress would be best served by the illustra-

tion and description in terms of form genera. If this was his view,

his results show that it was a sound one, for he succeeded in

making available information on many of the earlier Paleozoic

species, in a form in which it could be later assimilated into a

classification, the main obstacle being at present lack of adequate

information on internal structures. This, more often than not,

is the fault of the material not of the investigator. Foerste ar-

ranged his genera in an artificial scheme, based in general upon

the shape of the shell.

Meanwhile morphological investigations were serving to show
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tlie necessity of either revising Hyatt's scheme of classification

radicall}', or replacing jt ]jy ^ completely new one. It has been

impossible to assign genera to the families now proposed. As
pointed out in the discussion of the morphology of the shell, grave

fHfficulties are encountered in the use of his major categories.

The endo,ceroids are only in part holochoanitic. The Cyrtocho-

anites embrace the actinoceroids, the secondarily cxrtochoanitic

cephalopods, as liere treated, the Pseudorthoceratidfe and the

Rhadinoceratida;, each of which attained this structure independ-

ently of the others. Probably other cases of independent attain-

ment of cyrtochoanitic structure will be found.

Meanwhile new proposals concerning the classification and

phylogeny of cephalopofis were appearing. Grabau's concept

of the endoceroid siphuncle as the homologue of the orthoceran

shell must be rejected in the light of subsequent research on

endoceroids, which show that the holochoanitic condition is de-

rived from an orthochoanitic one.

Hyatt's classification of nautiloids was based fundamentally

upon internal structures. In Europe this classification has not

been widel}' accepted, and what little progress has been made

there has involved a concept of classification based primarily

upon the form of tlie shell. However, Teichert (1933) in his

study of the actinoceroids proposerl a division of the cephalopods

as a whole into the Eurysiphonata and the Stenosiphonata, the

Eurysiphonata including the Endo.ceroidea and the Actinocer-

oidea, the Stenosiphonata including all other cephalopods.

.Schindewolf (1934) rejected this scheme partly because of the

union of the Dibranchiata, Ammonoidea, and most of the Nau-

tiloidea under the Stenosiphonata, and partly because he rejected

what seems to be the main thesis of Teichert's scheme, the close

relationship of the endoceroids and the a,ctinoceroids. Kobayashi

(1935, 1935A. 1936, 1037) developed a concept of the develop-

ment of the cephalopods in which the actinoceroids were derived

from orthochoanitic orthoceracones, as is the family Stereoplas-

moceratida\ Yet curiously, the morphological features which he

reported from the apical end of the siphuncle of the actinoceroids

were quite different from those which Schindewolf reported ; the



72 Bulletin 116 154

two authors came to the same phyletic conclusions from dia-

metrically opposed morphological facts, as was pointed out by

Flower (1940, 1941, pp. 8, 26-7). Flower (1941) substantiated

Teichert's proposal of the relatively close relationship of the

actinoceroid and the endoceroid by tracing a connection between

these two groups. However, by the time this work was under-

taken the term endoceroid has come to be restricted and did not

have the broad scope attributed to it generally at the time of

Teichert's work. The Ellesmeroceratidae, probably the ancestral

radicle of the Eurysiphonata, are here regarded as the common
ancestor of the Bathmoceratidse and the Endoceroidea. The

Actinoceroidea are traced to Bathmoceras through the genus

Polydesmia.

Schindewolf (1942) published subsequently a rather general

paper the main purpose of which seems to be to apply his concept

(by adoption) of proterogenesis to the Cephalopoda as a whole

and to show that a normal palingenetic sequence has no phyletic

significance. Unfortunately his scheme of nautiloid phylogeny is

hardly a .classification. He maintains that VolhortheUa should be

a icephalopod but is unable to unite it to any other cephalopod

stock. Therefore, in his diagram of the phylogeny, this genus

is placed by itself. Piectronoceras is regarded as the point of

origin of the various' majior groups, the large group of forms which

he unites under the term Endoceracea on one hand ; on the other

the Orthoceracea and the Actinoceracea. From the Orthoceracea

are derived the Ascoceracea, the Cyrtoceracea and the Nautilicea,

while confusion of nomenclature surrounds his treatment of the

Lituitidse, which he regards, and probably correctly, as an in-

dependent derivative of the more primitive orthoconic stock. Un-

fortunately his scheme involves several misconceptions of mor-

phology. He regards the genera Plectronoceras, Diphrar/mo-

ceras, and Ellesmeroceras as three stages in the development of

holochoanitic structure. Actually Ellesmeroceras is orthoch-

oanitiiC, or better, aneuchoanitic (Flower, 1941A; Ulrich, Foerste,

Miller, and Unklesbay, 1944, p. 66). From Ellesmeroceras he

derives five distinct endoceroid types, represented by Nanno.
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Endoceras, Piloccras, B altoceras, Cyrtendoeeras, and U'oliin-

guccras. This scheme of phylogeny is simply a slightly different

and less accurate statement of the views which Kobayashi pub-

lished earlier, and seems to have been written in complete ignor-

ance of the earlier (Flower, 19^1, 1941A) investigations of the

endoceroid ,complex b_v means of thin sections. Likewise he has

failed to take notice of Swinnerton's (1938) masterly analysis

of his earlier (1936) paper m which the weakness of most of the

stratigraphic evidence invoked to support protei'ogenesis is

brought out. Unfortunately, not only is Schindewolf's phylogeny

built upon the basis of a preconcei\'ed theory, but his groups are so

poorly delimited and involve such misconceptions of morphology

that it is impossible to give them serious consideration.

It was long the hope of the writer that the completion of the

study of the American Ozarkian and Canadian ,cephalopods, in-

terrupted by the death of Dr. Foerste. might throw much light

upon the problem of the relationships of the early cephalopods.

Unfortunately the bulk of the material consisted of cliert internal

molds, unsuitable for sections, which leaves much doubt as to the

structure of many, indeed, most of the genera. The classification

employed in that work is clearly one of .convenience and necessit}',

and one based upon gross features of the shell. The longicones

are divided into the famjly Stentomoceratid?e for slender cyr-

tocones vvith a siphuncle on the concave side ; the family Endo-

cycloceratida? for similar shells which are annulated externally,

the Bassleroceratidec for smooth cyrto,ceracones with the siphun-

cle on the convex side, the Rudolphoceratid?e for similar annu-

lated cyrtoceracones. The Orthoceratid?e is employed for smooth

ortlioceracones of supposed orthoclioanitic structure, and Elles-

incroceras is included here. The family Robsonoceratidae is cor-

rectly erected for the genus Robsonoceras. an orthoceracone with

a tubular siphuncle of orthochoanitic structure, but characterized

by diaphragms. Annulated ortlioceracones are placed in the

family Spyrn,reratid?^:, the synthetic nature of which has already

been demonstrated (Flower, 1043 G) while the Fndoceratida?,

for supposed cndoccroifl'-. defined as holochoanitic, certainl}' con-
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tain at least three genera of aneuchoankic structure. The fam-

ily Suecoceratidse is recognized for endoceroids in which the

apical part of the siphuncle is inflated. The Bathmoceratidse and

Eothinoceratidee are correctly monotypic families for anomalous

structural types. The brevicones (Ulrich, Foerste, and Miller,

1943) have not fared much better. The Piloceratidse is probably

a natural or nearly natural group as there defined and delimited.

Straight brevicones are placed in the Cyclostomiceratidse, and

endogastric forms in the CyrtendoiCeratidse, although both hol-

ochoanitic and ellipochoanitic cephalopods are included among
the 14 genera placed in this family. The gyro,conic Cyrtendocer-

as priscum Ruedemann is placed in a genus and family by itself,

the Beekmanoceratidae and the genus Beekmanoceras.

The immense labor involved in the description and illustration

of the species in this work is not to be disregarded. The work

shows clearly that further knowledge of these earlier cephalopods

must depend upon the careful study by sections of favorably

preserved material. It has been the good fortune of the writer

to happen upon several such associations, which are now under

the process of investigation. At present, we can hope to accom-

plish little more than to review previous views in the light of this

new information. Unhappily, the structure, position, and rela-

tionship of many of the genera remain at present so uncertain

that no genetic classification can be attempted.

The family Plectronoceratidse is a convenient receptacle for

the oldest of the endogastric cephalopods which have small mar-

ginal siphuncles of unstable form. Flower (1941) accepted

Kobayashi's morphological conclusions as to the siphuncles of

the genera as illustrated by Kobayashi (1933, 1935) but re-

served opinion on the validity of some of the diaphragms and

pseudodiaphragms which were so faint that it seemed possible

that they might be adventitious structures. Miller (1943) sug-

gested that the ontogenetic transition from orthochoanitic to

"cyrtochoanitic" siphuncle outlines in Plectronoceras reported by

Kobayashi (1935) might be based upon adventitious structures.

Ulrich, Foerste, Miller, and Unklesbay (1944, P- I33) believe

that the supposed adoral inflated siphuncular segment in this

genus figured by Kobayashi is adventitious. P. camhria Wal-
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cott exhibits orthochoanitic necks and fails to show any connecting

rings. Uh-ich, Foerste, j\Jiller, and Unklesbay (1944, p. 134)

believe that their genus Clclandoceras may possibly be the same

as Plcctronoccras, if Plcctronoceras does not have real adoral

expanded segments. This is possible, but the distribution of

Plectronoccras in the Upper Cambrian and Clclandoceras only in

the Smithville, highest Canadian, suggests that there may be

something wrong with this relationship. It is also, of course, pos-

sible that earlier Clclandoceras may have been overlooked, but in

view of the large number of small cyitoceracones found in inter-

vening formations it is remarkable that it has not been found if it

existed there.

With Plectronoccras the writer united Wanwanoceras, Sinoe-

remoceras, and Multicamcroccras, other genera with variably con-

structed siphuncles (1941). It is doubtful whether any of these

forms possess real transverse structures across the cavity of the

siphuncle. Kobayashi's photographs of structures which he in-

terprets as pseudodiaphragms show such vague outlines that

the writer fears that they are only inorganic calcite.

Plectronoceras is itself an endogastric cyrtocone of compressed

section, characterized by short septal necks. It seems logical to

unite with this genus a large number of Ozarkian genera of simi-

lar form. The structure of the siphuncle wall is unknown in

most cases. The wall of the siphuncle, as known from internal

m.olds, may be smooth, or the segments may be faintly concave

in outline. Thin section study is necessary to determine whether

these are holo,choanitic or orthochoanitic. If orthochoanitic, it

must next be determined whether the ring is thin and structure-

less or whether it is relatively thick and perhaps equipped with

an eyelet. Ulrich, Foerste, and Miller (19/t.s, pp. 142-3) have

figured thickened rings and diaphragms for a cyrtocone of this

type referred with doubt to Levisoceras. For the most part, lime-

stone material susceptible to study by thin sections has been lack-

ing for this group, and until better material is found, the struc-

ture of the siphuncle can onlv be inferred.

The genera of supposed ellipochoanitic endogastric cephalo-

pods which fall into this group may be roughly divided into those
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which agree with Plectronoceras in retaining a small siphuncle

throughout life, and those in which the siphuncle is rapidly ex-

panded orad. Those with a slender siphuncle are Burcnoceras—
to which the essentially straight BueJilcroca-as is probably allied—

Conuccrina, Dakeoccras, Ectenoceras, Oneotoceras, Shelby-

oceras, and SniitJn'illoccras. In Caseoccras, Clarkeoccras, Cwn-
bcrloceras, and Levisoceras, the siphuncle expanrls more rapidly,

sometimes being commensurate with the vertical expansion of

the conch, and sometimes independent of it and greater than the

conchial expansion. Erenioccras is intermediate between the two

groups. Ulrich, Foerste, and Miller have placed most of these

genera in the family Cyrtendoceratidse and state that if their sus-

picions on the morphology of Plectronoceras prove correct, that

family should be suppressed in favor of Cyrtendoceratid?e. The
writer objects to this view on tlie grounds that the connection be-

tween these Ozarkian genera and Cyrtendoceras is extremely

dubious and cannot be established until a more thorough restudy

of Cyrtendoceras is undertaken. These authors have perhaps

gone to too great lengths in shaping the taxonomy to suit the lim-

itations of the chert-replaced faunas with whicli they were largely

concerned. We still do not know whether Cvrfendoceras is truly

orthochoanitic or holochoanitic. Ulrich, Foerste, and Miller

state that both conditions occur in the C^Ttendoceratidge.

If so, the family sliould probably be divided. The^' state that

Cyrtendoceras is holochoanitic. Oelandoceras orthochoanitic.

Oelandoceras reitainh- possesses endocones, and such structures

are probably present in Cyrtendoceras (see Foerste, 1032, pi. i,

fig. la; pi. 2, fig. 3 B). If so, these two genera are properly

endoceroids, and it may be that Oelandoceras was derived from

one group t.he Canadian orthochoanitic endoceroids. while Cyr-

tendoceras was derived from the essentiallv Ordovician group.

This is quite possible straticraphically, for Oelandoceras is con-

fined to the p'lauconitic layer of the Varjinatenkalk, apparently

Canadian, v/hile Cyrtendoceras occtu"s in the higher and presum-

ably Ordovician (as restricted b^' the elimination of the Canadian)

ranging from the ffrav Lituites limc^torip to the Echviosphaerifps

limestone. The writer is not so certain of the correlations with the

American section as other writers seem to be but would su^-'^e.st
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that the genus might possibi}' range into rocks as young as the

Rockland of eastern North America.

Therefore it is proposed thnt until evidence is presented to the

contrary, the family Cyrtendoceratidie should be restricted to

endogastrically coiled, and essentially g}roconic shells wliich have

the holochoanitic siphuncles and the endocones which

place them in the Endoceroidea. The Ozarkian endogastric

genera ma}- be consigned to the family Plectronoceratidpe with

which they are more closely allied. Oelandoceras, on the other

hand, should l)e grouped with the primitive (Canadian) ellipoch-

oanitic endoceroids and will be treated with them.

The Wanwanian, that is, approximately the Gasconade equiv-

alent, the upper Ozarkian of Ulrich, and possibly the equivalent

in part of the lowermost Canadian, is dominated by such endo-

gastric shells. There are others which merge into the ortho-

conic form, through such intermediate types as Eremoccras and

Ectenoceras. Most of such forms have marginal siphuncles of un-

certain structure, but such evidence as exists suggests that they

have short septal necks. The natiu-e of the connecting rings is

not known. Orthoconic genera of this group are Copiccras,

Ellesmernceras. Ooycfoceras, Oxfordoceras, Alhertoceras. and

Walcottoceras. The rin!:'s of EUesmeroceras are thick The rinses

of Walcottoceras are thin and stnictureless. Conditions in the

other genera have not been established.

The Ellesmeroceratidpc were defined TFlower, to'i) as differ-

ing from the Plecti-nnocerntidje in two respects, the essenf-ialb-

straight form of the sh^ll rnther than the endogastric one and the

thickened connecting rin<j. No sure division can be made on the

basis of .curvature. At present data fail to show where a division

based upon the appearance of thick rin^^s in this stock should be

drawn.

Allied to tlie breviconic endoo-astric shells of the Ozarkian are

the lon^iconic endoeastric types. Stcpifonoceras. IVoosteroreras,

EndocycJoreras. and the essentially ctraifrht Vassarnceras. More

remains to be learned concerninf^ t^^e structure of all nf these

genera.

Longiconic exo^astric cyrtocera cones are rare in the Uop^r

Ozarkian and Lower Canadian, but appear to be particularly
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characteristic of the JMiddle Canadian and the Upper Canadian.

Compressed smooth-shelled genera vary in internal structure.

Bassleroccras has aneuchoanitic necks and a thin structureless

connecting ring. Dzviijhtoccras and Dyscritoccras on the other

hand have thickened rings and larger siphuncles. Practically

nothing is known of the internal structure of Avaoccras,

Diaplioiwccras, Lazvrcnsoceras, Leptocyrtoccras, Monogono-
ceras, hut the siphuncles are small as in Bassleroccras.

The depressed cyrtoceracone Onychoceras, has thickened

rings, as does the essentially orthoconic Rudoljoceras Informa-

tion is inadequate for Seelyoceras, apparently close to these two

in other features, and Ectocycloccras. The Canadiar annulated

orthoceracones Protocycloccras and Catoraphiceras are appar-

ently related to the ellipochoanitic stock. The connecting rings

of Protocycloccras are somewhat thickened.

Cyclostoiniccras has short necks and thick rings remarkably

like those of Proterocameroccras. The structure of Dresscroccras

and Bridgeocerds is not adequately known. Buchlcroccrcs, an

Ozarkian type, is regarded as not allied to Cyclostoniiccras, but

instead to Burcnoccras. Both of these Ozarkian genera have

apertures which simulate the specializations later found in the

phragmoceroids, and it would be remarkable if they were not re-

lated.

Anomalous types exist, concerning the relationship of which

there is much uncertainty. Bidtsnceras, which should probably

be placed in a family by itself, is an orthoceracone. The appar-

ently orthochoanitic siphun,cle possesses well-developed dia-

phragms. This feature is found to be duplicated in other genera

of different form, Sfenitonoceras, ( ?) Lcvisoccros, sp., and in

Clarkeoceras. In spite of the differences in form, it may well be

wise to unite these genera, and also others should they prove to

be similarly constructed, into a single family.

O.vfordoceras is the only Ozarkian orthoceracone known to

have a subcentral siphuncle.

Oiiehecoceras, a large endogastric shell, has a large siphuncle,

by which it could be a plectronoceroid, an ellesmeroceroid, or,

should it have endocones, an endoceroid.

Eothinoceras, by its anomalous thickened connecting rings, is
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placed in a family by itself. Miller believes that the resemblance

to the Ordovician Cyrtocerina is adventitious. However, the in-

ternal structures are essentially identical, insofar as can be told

without subjecting Eoth'uioceras to thin section examination, and

the fundamental similarity of structure .seems to outweigh the

superficial difference in form. Nevertheless, since no connecting

types have been found, Cyrtocerina is placed in a family by itself.

Bathmoccras was properly placed in a famil}- by itself. No
typical forms have been found in America.

It is extremely doubtful whether any true endoceroids exist-

ed as early as the Ozarkian. Pachcndoceras is regarded as an

endoceroid. However, there is no good evidence that its siphun-

cle wall is holochoanitic. More important, the only clear spiess

figured for the genus is of such anomalous shape that it is prob-

ably adventitious. Certainly there is a very long interval of the

siphuncle which lacks any trace of endocones.

The first undisputed endoceroids, by which I mean cephalo-

pods with good endocones, are Canadian in age. From the

Lecanospira zone upward true endoceroids occur. Three genera,

Cotteroceras, Cyptendoceras, and Clitendoceras, intergrade

enough to suggest very strongly that they are very closely relat-

ed. Indeed, the writer would not always agree with Ulrich,

Foerste, Miller, and Unklesbay as to the disposition of some of

the species among these genera. Arbitrarily, Cotteroceras is used

for compressed shells, Cyptendoceras for depressed shells with

sutures forming more or less of a ventral lobe, and Clitendoceras

for essentially circular shells. To these may be added the endogas-

tric Mcqueenoceras, close to Clitendoceras, the igenotype of which

is also faintly endogastric, and Paraendoceras, erected for rather

rapidly expanding shells. The writer has had opportunity to

study in thin and also in satisfactory opaque sections typical

Clitendoceras, and a fairly typical undescribed Cyptendoceras.

Both are undoubtedly ellipochoanitic. To these ellipo,choan-

itic endoceroids must be added Proterocameroceras, which is not

strikingly distinct from the more generalized species assigned to

Cyptendoceras. The Chazyan Mcniscoceras Flower represents a

survival of this ellipochoanitic group into the Chazyan.
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Since these longiconic ellipochoanitic endoceroicls represent a

distinct, and i believe a very signiiicant stage in endoceroid de-

velopment, tliey are here set apart as tlie tamily Proterocamero-

ceratida;. r'roterocaineruceras, although its endosiphuncle is

rather more specialized than is that of the other genera, is select-

ed as the type of this family because it is probably the best known
member of the group.

The Upper Canadian marks the next step in the development

of the endoceroid stock. Here we hnd two distinct changes oc-

curring simultaneously. First, the entire shell becomes rapidly

expanding instea^l of slender ; in shori;, we approach the piloceroid

type in contrast to the endoceroid. Secondly, it is clearly in the

piloceroitl that we hrst hnd the septal necks lengthen so as to

extend at least for the length of one segment of the siphuncle.

'i'he connecting rings are stretched for another segment. Such

structure was suspected by the writer from an opaque section of

Cassinoceras cxplanator in the JNlew York State Museum. Ulrich,

Foerste, and Miller (1943, p. 18) report identical structure, again

in opaque section, for the genotype of Piloceras but failed to grasp

the signihcance of this dark-colored "lining" of the siphuncle.

Already in the Canadian some piloceroids show signs of de-

veloping first a rapidly expanding portion of the shell, in which

the siphuncle expands rapidly, but later also there develops a

tendency for the adoral end of the siphuncle (we know nothing

of the form of the conch here) to become more tubular. This is

seen in some Allopiloceras. Reduce this in size, attach to the

adoral end the natural logical continuation of the slender siphun-

cle within a slender conch, and the creature which is recon-

structed is no longer a piloceroid, but an endoceroid proper such

as is seen from the Chazyan to the Richmond. Apical ends of this

type are variously termed Nanno and Suecoceras, but the adoral

parts of the shell are placed in Endoceras, Vaginoceras, and

Cameroccras, depending upon the paleontologist who is doing

the describing. Nanno novehoracum Ruedemann is almost cer-

tainly the apex of Vaginoceras opplctum in the Chazyan. Nanno

is supposed to show a nonseptate phase in development and

Schindewolf has made various unwarranted statements about the
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signiticance of Nanno as a preseptal phase of the cephalopod,

wiiich harkens back beyond me cepiiaiopod stage to a pnuiitive

nioiluscaii coiiditiou. liuvvever, it must oe lemembered that tiie

lirst of tliese swolien sipiiuacies is tiie Canadian Mysticoceras.

'ihey are more common and better developed in the Cliazyan,

Black River, i renton, and Iviclimund. i urtner, tiie annuiations

on the exterior oi such sipliuncles have little signihcairce, as 1

have found much to my surprise. Most endoceroids show some
trace of annular marking on tiie siphuncie \\['hQ.n. its surface is ex-

posed. However, typical i- ayiuoceras shows only the faintest

trace of the junction of the septa with a periectly tuuuiar siphun-

cie. Yet in section tne two types, the aimulatcd and the smooth,

possess essentially identical structure, and the annulated or

smooth appearance is due to minute dilferences in the shape and

thickness not so much of tlie septal neck, as of tlie connecting

ring. Indeed, many specimens of Nanno fail to show annuia-

tions clearly on the adoral thin part of the siphuncie. However,

in this respect there is much variation in the type species. More
fundamental is the problem as to whether the hrst septum appears

orad of the point at which the siphuncie begins to contract, or

well apicad of tliis point. Such variation between the two ex-

tremes is found in a number of species including Nanno nove-

boracum, and it is to be feared that Nanno and Suecoceras are ac-

tually gradational.

The next problem which presents itself is the relation between

these inflated apical ends and the smaller apices which are best

typified by specimens commonly placed in Cameroceras. Apices,

or rather specimens suspected of representing apices, of this gen-

eral aspect occur in such ancient genera as the Gasconade Pach-

endoceras, which was not even an endoceroid. Is Camero-

ceras a relic of this stock? The answer can be found when

better material of Cameroceras is sectioned, for if so, the

siphuncie will certainly not be holoichoanitic. It is suspected,

however, that the significance of Cameroceras is quite dififerent.

Such ends are found in the Trenton and have never been found

attached to very extensive phragmocones. It is very strongly

suspected that Cameroceras is nothing more than the apical end
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of Endoceras proteijorme, and that Endoceras and Cameroceras

have been based upon one and the same species, but the one upon

early stages, and tne otlier upon the mature shell. Sardesson

1 1930; proposed a shniiar idea, but strangely enough insisted

upon identn}nig Cameroceras with tlie annulated Jinduceras

anHulijerum, now the genotype of Cyclendoceras Grabau and

Shinier (1915J. This is extremely unlikely, as Cameroceras

does not show any indication of true aiinuli on tiie surface of the

phragmocone.

In summary, it is possible to recognize three stages in endo-

ceroid development. 1 he first, typihed by the f'roterocamerocer-

atidse, icombines the ectosiphuncie of an Ellesmeroceras with

endocones. These may sometimes become highly specialized.

'Jdie second stage combines rapid expansion of the shell with the

lengthening of the neck and is represented by those siiells gener-

ally lumped as piloceroids. This does not mean, however, that

the piloceroids are a sharply denned unit. Kobayashi has shown

that some forms represent stages intermediate between the an-

euchoanitic condition of the Proterocameroceratidse and true

holoichoanitic structure. Also, these same forms may have si-

phuncles intermediate in the rate of expansion between the en-

doceroid and the piloceroid type. Yet certainly within the piloc-

eroids, even incipient piloceroids on the basis of both of the

criteria noted above, extraordinary specializations of the endosi-

phuncle could occur, as noted in Manchuroceras. However, much

remains to be learned yet concerning the endosiphuncles of Amer-

ican piloceroids before we should accept the idea that these ori-

ental types attained specializations far beyond an)^^thing reached

in American forms.

The tliird step is the development of the Endoceratidse, as the

writer would restrict the term. These are the holochoanitic

longiconic cephalopods. The apical part of the siphuncle is

usually but not quite always, as can be seen from Cameroceras,

inflated, and this inflation, together with the holochoanitic

structure, serves to unite this group with the Piloceratidse and to

distinguish it from the Proterocameroceratidse.
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In America the last of the Ordovician endoceroids do not ap-

pear to have developed any startlingly new features. The Rich-

mond contains internal molds of siphuncles strikingly remin-

iscent of Holm's figures of Nanno beleinnitijorme from a much

earlier horizon (gray Lituites limestone, probably Chazyan or

Black River in age).

The development of curvature in the endoceroid line seems,

from the present evidence, to have occurred several times.

Oelandoceras might, from its reported ellipochoanitic structure,

be a curved member of the Proterocameroceratidse. Slight curva

ture in shells probably referable to the Endoceratidse has beer,

noted by Ruedemann (1906) and by Kobayashi (1934). Ap-

parently the Baltic Ordovician Cyclendoceras represents an ex-

treme of the development of ,coiling in the Endoceratidse if the

previously published illustrations are correct in suggesting;

holochoanitic necks and endocones.

Other developments sprang from the Ellesmeroceras stock,

which is certainly the logical ancestor of the endoceroid, evcii

though our knowledge of most Wanwanian cephalopods is in-

sufihcient to determine which genera should be placed in it by

virtue of thick connecting rings that simulate a holochoanitic si-

phuncle and which ones have thin and structureless rings anii

should therefore be excluded. To this stock are traceable aneu-

choanitic ortho,ceracones with thick rings, which differ from Elles-

meroceras and its allies in several relatively minor features. The

siphuncle tends to become smaller and to migrate from a margin-

al position to a position closer to the center of the shell. These

conchs lack endocones, and the presence of any organic deposit i'l

the siphuncle is dubious. For want of a better name, the family

Baltoceratidse is employed for these cephalopods. The writer

has had an opportunity to examine genotype material of Baltocer-

as which shows that the siphuncle is orthochoanitic, the necks

are thickened, and no endocones are present within the siphuncle.

Schindewolf (1942) has postulated such endocones which he

finds asymmetrical. Study of a good suite of specimens shov>>

that the calcite in the siphuncle identical with that figured b\'

Schindewolf is not organic, but the complement to the filling of
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an internal mold. Sediment has entered the siphuncle from the

adoral end and thins toward the apex. I'he side upon which the

cakite extends farthest orad is Llie upper side of tiie shell as it

lay in the sediments. I have seen specimens in which it is dorsal,

ventral, lateral, and oblique. With this genus should be placed

odier oithoceracones with small siphuncles and thick rings. The

only other one definitely known to tlie writer is Frotocycloceras.

Others will probably be found when Canadian siphuncles have

been subjected to proper thin section examination. Possibly such

cyrtocomc types in Onychoceras stem from the Baltoceratidse. It

is not impossible, and the hypothesis must be considered, that

these forms and the larphyceratidse may have developed tliick

rings independent of the Ellesmeroceratidse. However, the pref-

erance of external over the more static internal characters in clas-

sification should be based upon overwhelming similarities in other

features before it should be accepted, in view of the known en-

vironmental influence upon evolutionary trends in regard to such

features.

The writer previously proposed that Canadian coiled cephalo-

pods might belong to the eurysiphonate line and might have

arisen from the Ellesmeroceratidse by the reduction in size of

the siphuncle and the development of .coiling. Ulrich, Foerste,

Miller, and Furnish failed to even suspect this possibility from

their study of Canadian coiled cephalopods.

The last of the several lines of descent traceable to the an-

cestral Ellesmeroceras is that comprising the Bathmoceratidae

and the Actinoceroidea. Bathnwceras combines a lengthening of

the septal necks, which are already developing tlie faintest trace

of cyrtochoanitic form, with inflation of the connecting ring and

the projection of the process formed on the inner surface of the

ring orad into the siphuncle. In the younger Polydesmia, the

structures originally interpreted as annulosiphonate rings have

much the same shape, but are less strongly projected orad, and

less inflated at their forward projecting tips. Here for the first

time there is a trace of the siphonal vascular system of the

Actinoceroidea, not as a series of a few simple tubes in each
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segment of the siphuncle, but tubes which branch rapidly and

irregularly as tliey approach the connecting ring. Reduction of

the lobed extension of the connecting ring to a normal annulosi-

phonate structure is perfected in Nyhyoceras and Cyrtonybyocer-

as, while further reduction of the siphonal vascular system attends

the development of the Actinoceratidse and Sactoceratidae.

The line passing from Plectronoceras to Ellesmeroceras and

then branching into the Endoceroidea on one hand, again into

the Bathmoceratidse and Actinoceroidea, and yet again into the

Baltoceratidse, and possibly again to produce the Tarphycera-

tidse is here considered the Eurysiphonata. While the line is

admittedly probably not very distinct from the Stenosiphonata

at its point of origin, perhaps this is too much to expect if, as is

believed, both stocks are traceable to Plectronoceras.

Lack of data on the structure of the siphuncle of most of the

genera of Canadian and Ozarkian orthoceracones and cyrtocer-

acones makes it impossible to determine the status of the connect-

ing ring in many of these genera. Indeed, the structure is so

little known that many uncertainties of relationship still exist.

It seems fairly evident, however, that if among these forms there

lurk the ancestors of the stenosiphonate line, which, as chara,c-

terized by a thin and homogeneous ring, is strikingly distinct from

the Eurysiphonata by Chayzan time, we cannot yet recognize

them with certainty. Nevertheless, there are some facts which

are evident, in particular the secondary nature of the type of

shell which has for so long been considered tlie generalized and

perhaps also the archaic type—the orthoceracone with the central

siphuncle. In the Ozarkian and Canadian most of the ortho-

ceracones possess marginal siphuncles and are closely allied to

curved genera. The endogastric genera which characterize the

Ozarkian have practically disappeared by Canadian time; they

persist only in strata regarded as Lower Canadian, and which are

probably equivalent to the Upper Ozarkian or nearly so, as is the

case of the Tribes Hill limestone of New York.

Few if any of the archaic types of cephalopods which charac-

terize the Ozarkian and Canadian continue into Champlainian

or younger rocks. The orthoconic genus Murrayoceras of the
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Black River and higher beds, has a ventral aneuchoanitic si-

phui^cle which suggests some of these forms. It is perhaps

allied to the depressed, but unfortunately little known Oxjord-

oceras, and to a lesser degree to Ogyoceras and Copiceras. Cyr-

tocerina combines the internal structure of Eothinoceras with a

shell form which is essentially tliat of Levisoceras. It is prob-

ably a descendant, though a highly modilied one of the Eothino-

ceratidse. Possibly when more is known of the older cephalopods

from limestone material suitable for sections other relatives of

Eothinoceras may be found. At present its origin and relation-

ship are a puzzle. Shideleroceras of the Cincinnatian is unlike

any odier Ordovician cephalopod in combining a cyrtoconic form,

the absence of a hyponomic sinus, and a subcentral aneuchoanitic

siphuncle. The aneuchoanitic siphuncle suggests a relationship

with these ancient cephalopods, but no genus has been described

which appears to be very closely similar to it.

Flower (1941) proposed a morphological classification of el-

lipochoanitic cephalopods into five morphological groups. With

the elimination of the Actinoceroidea, even then not regarded as

related to the others, this serves as a tentative basis for an ar-

rangement of the early Paleozoic Stenosiphonata.

The series of groups may be summarized as follows

:

1. Cephalopods with tubular siphuncles.

2. Suborthochoanitic cephalopods.

3. Secondarily cyrtochoanitic cephalopods with suborthochoa-

nitic early stages.

4. Cephalopods in which the above ontogenetic succession from

suborthochoanitic is reversed, at least gerontically ; the Stereo-

plasmoceratidae.

5. Apparently primitively cyrtochoanitic cephalopods, the

Discosoroidea.

Further, in the same work, a series was postulated in the sub-

orthochoanitic .cephalopods leading from the generalized Sact-

orthoceras, through Centroonoceras to the Mixochoanites on one

hand and suborthochoanitic cyrtoceracones with ventral siphun-

cles on the other. This system was retained as a working hypo-
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thesis pending new information. Now it seems that on the basis

of stratic^raphic evidence the series may possibly have developed

in the other direction ; that the ventral siphuncles are a primitive

feature, and that orthoceracones with central siphuncles are sec-

ondary.

The sta.^es in development of this stock are treated more fully

in the discussion of the suboi1:ho,choanitic cephalopods in the

systematic part of the present paper. In general, they may be

summarized briefly as follows : The primitive radicle consists in

compressed cyrtoceracones with ventral suboilJiochoanitic siphun-

cles. Such forms are represented in the Chazyan by Graciloceras

and Eorizoceras. While detailed information on Canadian types

of similar aspect is lacking, it seems that smooth compressed shells

typified by Bassleroceras may be older members of the same gen-

eral stock. The migration of the siphuncle toward the center will

produce Centroonoccras, which is the logical source of three dis-

tinct radicles, the suborthochoanitic orthoceracones with central

siphuncles, and two stocks having in common early planoconvex

siphuncles, the Clinoceratidse and the Mixochoanites. On the

other hand, the appearance of cyrtochoanitic structure in such

shells as the Bassleroceratidse may have given rise to the secon-

darily cyrtochoanitic cephalopods as here defined. The On-

coceratidse include compressed shells with empty siphuncles which

agree with the Bassleroceratidae in their compressed section. The

Allumettoceratid?e are distinct in their depressed section. It is

uncertain whether the cyrtochoanitic siphuncle indicates that they

became distinct after the development of cyrtochoanitic structure,

or whether their origin is yet to be sought among exogastric de-

pressed genera of the Canadian. Onychoccras, the only such

Canadian genus to be studied thoroughly up to the present, seems

an unlikeh' ancestor of the stock because of its thickened con-

necting rings. Therefore the other hypothesis is tentatively

adopted in our figure.

From the Oncoceratidze developed a stock dififering from it

at first only in the development of actinosiphonate structure, the

family Valcouroceratidse. Closely allied internally and probably

very closely related, is the family Diestoceratidse, dififering from

it in departing from the exogastric pattern, for the shells of this
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family are sometimes straight brevicones, but more often faintly

endogastric. These groups with the Discosoroidea, embrace all

except a few inadequately known genera of the cyrtocones and

brevicones of the Ordovician. Descendents of the Valcourocer-

atidse and Diestoceratidse of Silurian time are not definitely re-

cognized. The Oncoceratidse underwent a second period of ex-

pansion and produced probably the Lechritrochoceratidse and cer-

tainly the Brevicoceratidas.

The orthoconic family Stereoplasmoceratidse, not present in the

Cincinnatian, is still inadequately known. The siphuncles are mod-

ified from icyrtochoanitic to suborthochoanitic in the later stages

of ontogeny. Recently discovered sections of Otiazyan types sug-

gest that these shells had early suborthochoanitic stages, and if so,

were probably derived from the Sactorthoceratidse.

The Discosoroidea are characterized by broadly expanded si-

phuncles throughout life. They differ from the actinoceroids in

the small apical ends, the absence of a siphonal vascular system

and perispatium, and in having a very different pattern of siphonal

deposits. Further, while the actinoceroids are dominantly straight

orthoceracones, the Discosoroidea are essentially cyrto,conic and

often rather rapidly expanded. The origin of the group is uncer-

tain, but no facts as yet discovered serve to suggest a eurysiphon-

ate affinity for the group.

The Stenosiphonata, characterized by tubular siphuncles, evi-

dently had a Ion? pre-Chazvan history, for in the Chazyan they

are represented by two strikingly different groups, the orthocer-

acones, and the coiled genera, including Plectoceras, Trocholites,

Barrandeocerns, and at least one previously unnamed genus. The

thin and homogenous rings of these Chazyan species contrast

with complex and thick rings of the Canadian coiled cephalopods.

The writer is still uncertain whether such earlv Paleozoic coiled

cephalopods constitute a natural group, perhaps best divided into

a series of families as was done by Hyatt, and also by Ulrich,

Foerste, Miller, and Furnish, or whether as the internal differ-

ences suggest, two homeomorphic lines, one perhaps originating

from the Eurysiphonata, are involved in this series of genera. It

would seem unlikely that the interval between the close of the
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Canadian and the beginning of the Chazyan could be marked by

the complete extinction of one large and flourishing group of

coiled cephalopods, and that by Chazyan time another group had

developed from another origin and replaced them ecologically.

However, even this is not impossible. Further, even such a hy-

pothesis may be unnecessary. It may be that some of the Cana-

dian coiled genera, all of which have not been studied closely,

may not have the thick complex rings which characterize those

forms thus far studied.

The ortho,ceracones with tubular siphuncles are equally hard to

trace. Ordovician genera commonl\- have central siphuncles

;

most of the very few of their forbears in the Canadian are char-

acterized by marginal siphuncles. Is there a connection here, or

did the Chazyan types develop from the Sactorthoceratidse ? It

seems unlikely, since the orthochoanitic and suborthochoanitic

cephalopods of the Chazyan and Mohav/kian are far more sharp-

ly set off from each other than are those of the Upper Ordovician

or the Silurian or Devonian.

Three families of coiled cephalopods penetrated the Cincinna-

tian. The Trocholitidas can be traced back to tlie Chazyan. Genera

have been assigned to the family from the Canadian, but here is

involved the problem of the evaluation of external versus inter-

nal differences in the tracing of phylogeny.

The Bickmoritid^e probably arose from Middle Ordovician

coiled cephalopods, probably Ccntrocyrtoccras. Possibly Bar-

randeoceras is the ancestor of this genus in the Chazyan, but no

likely ancestors of Barrandeoccras have come to the attention of

the writer in earlier strata.

The Apsido.ceratidge, a family of cyrtochoanitic coiled cephal-

opods, is especiall}' prevalent in the Upper Ordovician, although

only Charactoceras and Charactoceruia penetrated the Cincinnati

region. This family is regarded as a late development of sec-

ondarily cyrtochoanitic structure, largely because it has not been

possible to trace it to any .cyrtochoanitic ancestors. However,

the family is admittedly not closely connected to any orthochoa-

nitic coiled stock. The orthochoanitic origin is suggested largely

because throughout the Chazyan and Mohawkian there are prac-
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tically no cyrtochoanitic curved cephalopods with subcentral si-

phuncles, such as prevail throughout the Apsidoceratidse, nor is

there any indication in the ontogeny of the Apsidoceratidae of

their origin from cephalopods with ventral siphuncles. On the

other hand, the siphuncle segments are slender in the early stages

of Charactoceras suggesting an origin in suborthochoanitic ceph-

alopods.

PREVIOUS INVESTIGATIONS OF CINCINNATIAN
CEPHALOPODS

The earlier citations dealing with the Cincinnatian cephalopods

in the geological literature are concerned mainly with the de-

scription of species. These were largely named in terms of the

broad form genera Orthoceras, Cyrtoceras, Gomplioceras,

Trochoceras, and Gyroceras. Subsequently refinements of class-

ification dating from Hyatt's investigations (1884, 1894, 1900)

were only applied to the Cincinnatian forms much later by Foerste

(1924, etc.) who found many modifications necessary in both the

genera and the classification. Likewise, little was known at first

concerning the range of the species. This was due in part to

the gradual development of the stratigraphic refinements of the

Cincinnatian sections. It was also due in part, and rather strange-

ly, to the large role which the early amateur fossil collectors

played in the study and description of these forms. Among these

earlier collectors intense rivalry existed. The discovery of a lo-

cality which yielded new or rare species was a jealously guard-

ed secret. It is not possible to say what relative roles a failure

to appreciate the faunal changes in the column and the necessitv

for accurate locality and horizon data on one hand, and a desire

to keep secret various localities on the other, played in the ab-

sence of published data giving precise locality inform.ation from

which the horizons may be determined. Doubtless both con-

tributed. A third factor complicated the study of the cephalopods.

The original descriptions were quite general and did not serve as

good guides for identification of species. Consequently those

who collected carefully from the Cincinnati area found it difficult

to determine what their species were. This was a particularly
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perplexing problem in relation to the smooth-shelled species of

orthoceracones which are far the commonest of the Cincinnatian

cephalopods. Such information as has been published on the

range of these forms is presented in the following pages. Some
of it has a definite value because it consists of statements made by

the describers of these species. Others, who were for the most

part active members of the Cincinnati Society of Natural History,

had seen determined specimens, sometimes the types, and their de-

terminations also have a certain value. Nevertheless, the appli-

cation of modern methods of study have necessitated sometimes

drastic revisions in the concept of the species which are discussed

in the systematic portion of this paper.

The first cephalopod described from the Cincinnati area cannot

be recognized today. This was Melia cincinata d'Orbigny (1849

[1850]). D'Orbigny's description is brief and could apply to

mem'bers of any one of three genera and perhaps a dozen of the

species now recognized.

Meek and Worthen (1865) described Ortlioceras ortoni and

Trochoccras baeri in the Proceedings of the Philadelphia Acad-

emy of Natural Sciences. Meek (1872) later described and illus-

trated these forms in Part two of the first volume of the Geologi-

cal Survey of Ohio.

In 1874 S. A. Miller described and illustrated in the Cincinnati

Quarterly Journal, Cyrtoccras vallandigh.ami and in 1875 de-

scribed Orthoceras mohri, O. dyeri, 0. mecki, O. hyrnesi, O.

fnstcri, O. cincinnatiensis, O. Jiarperi, O. halli, O. transversa,

Cyrtoceras ventricosa, C. obscura, and identified other specimens

in terms of Endoceras proteijorme Hall, and doubtfully, Endo-

ccras approximatum Hall (both of which are typically developed

in the Trenton limestone of New York) and the previously de-

scribed Cincinnati species Orthoceras nrtoni and Trochoccras

baeri. Later in the same journal the name Cyrtoceras magister

was proposed to replace Cyrtoceras obscura, since Barrande had

used the same specific name for another species of Cyrtoceras,

and the spelling of other names was corrected. Cyrtoceras ven-

tricosa being changed to C. ventricosum and Orthoceras trans-

versa to O. transversum.
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Hall and Whitfield in the same year published in the second

volume of the paleontolog}' of the Ohio Survey, Orthoceras

turbidimi, O. carlcyi, 0. duscri, and Gomphoceras eos.

Miller (1877) in his first edition of his American Paleozoic

Fossils proposd the name Orthoceras hallianuin to replace Orth-

oceras lialU, as that name had been used by Barrande for a Bo-

hemian species.

Miller and Dyer (1878) in a privately published paper de-

scribed and illustrated Trocholiics circidaris and T. mimiscidus.

Miller in the same year described Cyrtoceras ainoenuin in volume

I of the Journal of the Cincinnati Society of Natural History.

U. P. James in the first number of the Paleontologist identified

Cincinnati specimens as OrfJioccras oloriis Hall, Ornioceras temu-

fdum (Hall), Gomphoceras eos Hall and Whitfield, Trochoceras

baeri Meek and Worthen, and Endoceras proteiforme Hall.

Miller (1879) in the tenth report of the Greological Survey of

Indiana presented a catalogue of the fossils of the "Hudson River,

Utica, and Trenton groups" of Indiana, Ohio, and Kentucky, the

first of several such lists. The species are listed here with gen-

eral indications as to their horizon, recognizing the Trenton,

Utica, and differentiating the lower middle and upper parts of the

Hudson River group. His list together with the horizon data is

reproduced here

:

Cyrtoceras aniocmim Miller. Upper part of Hudson River Group.
C. magnster Miller. Lower part Hudson Eiver Group.
C. vallandighami Miller. MiiMIe ]iart Hudson River Group.
C. ventrieosum Miller. Lower part Hudson River Group.
Endoceras proteiforme Hall. Trenton and Hudson River Group.
Gomphoceras eos Hall and Wliitfield. Upper part of Hudson River Group.
Orthoceras hyrnesi Miller. Hudson River Group.
O. carleyi Hall and Whitfield. Hudson River Group.
O. cincinnatiense Miller. Hudson River Group.
O. duseri Hall and Whitfield. Upper part of Hudson River Group.

(Probably a synonym of 0. fosieri)

O. dyeri Miller. Hudson. River Group.
O. fosteri Miller. Upper part Hudson River Group.
O. hallanum Miller. Upper part Hudson River Group.
O. harperi Miller. Hudson River Group.
O. meeki Miller. Hudson River Group.
O. mohri Miller. Upper part Hudson River Group.
O. ortoni Meek. Hudson River Group.
O. transversum Miller. Lower part Hudson River Group.
O. turbidum Hall and Whitfield. Hudson River Group.
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Trochoceras baeri Mock and Worthen. Upper part Hudson Eiver Group.

Trocholitcs amnionius Conrad. Ticnton Group.

T. circularis Miller and Dyi-r. Upper part Hudson Eiver Group.

T. niinusculus Miller and Dyer. Utica Slate Group.

Ulrich (1880) published a catalogue of the fossils occurring

in the Cincinnati group of Ohio, Indiana, and Kentucky. Here

he indicated the horizon in terms of elevation at Cincinnati, fol-

lowing each species by a number indicative of its range in terms

of hundreds of feet above the low water level of the Ohio River at

Cincinnati. The essentials of his list are reproduced here.

Genus 0RTH0CERA8
O. annelluni Conrad near 4
O. amplieameratum Hall near 1

O. carleyi Hall and Wliitfield near 3

O. cineinnatiensis Miller
O. fosteri Miller 6-7

(Syn. O. duseri Hall and Whitfield)
O. byrnesi Miller ?

O. dyeri Miller ?

O. halli Miller 6-7

O. harperi Miller 3-?

O. niohri Miller 6-8

O. junceum Hall 0-2

O. ortoni Meek 2-

?

O. transversum Miller 0-3

O. turbidum Hall and Whitfield 3-5

Genus ORMOCEEAS
O. tenuifilum Hall below

Genus ENDOCERAS
E. annulatum Hall ?

E. approximatum Hall ?

E 0-2

E. proteifornic Hall 07 ?

E. subcentrale Hall ?

Genus GOMPHOCERAS
G. eos Hall and Whitfield near 7

G. acceptum Ulrich 3-4

Genus PHRAGMOCERAS
P. hector ( ?) ?

Genus TROCHOLITES
T. ammonias Conrad 1- ?

T. circularis Miller and Dyer near 5
T. minusculus Miller and Dyer .-. below 2

Genus TROCHOCERAS
T. baeri Meek and Worthen 6-7

Genus CYRTOCERAS
C. amoenum Miller near 7

C. mag^ster Miller near 2

C. ventricosum Miller near 2
C. vallandighami Miller near 4
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This list is noteworthy, not only for the indication of range,

but for the identification of several species originally described

from the Trenton of New York and not previously recognized

in the Cincinnati region. Pliragmo ceras hector is probably based

upon a Silurian rather than an Ordovician specimen. Gomphoeer-

as acceptum Ulrich was apparently never described. "* I have

not found the name elsewhere.

Miller (i88o) p. 236, described and figured Orthoceras dyeri

in volume 3 of the Journal of the Cincinnati Society of Natural

History.

Miller (1881) in volume 4 of the same publication presented

brief notes and figures of Orthoceras cincinnatiense, O. harperi,

O. fosteri, and O.hyrnesi.

Wetherby (1881) in the same volume described Cyrtoceras ir-

regulare, C. conoidale, and Colpoceras arcuatum.

Miller (1884) described Gomphoceras cincinnatiense and G.

jaberi in volume 7 of the Journal of the Cincinnati Society of

Natural History.

Joseph F. James (1886) in his Cephalopoda of tlie Cincinnati

group presented keys and brief descriptions of the Cincinnatian

cephalopods. His work shows a marked tendency toward gen-

eralization, and a number of species are reduced to synonymy.

The species which he recognized are as follows:

Ortlioceras amplicamoratuin Hall. Ciiicinnati nn<l Lobanon, Ohio.

Orthoceras dyeri Miller (=0. moeki Miller, O. byrnesi Miller.

O. fosteri Miller. O. ciiieinnatieiise Miller, O. halli. Miller, O. harperi

Miller), Widespread.
O. mohri Miller. Versailles, Indiana.

O. jiinceiim Hall. Cincinnati, Lebanon, Ohio.

O. transvcrsum Miller. Colnmbia Ave. and Eilen Park, Cincinnati, 150 to

f?00 feet above low water.

O. ortoni Meek. Cincinnati.

O. anellum (annellus) Conrad. Versailles, Indinnn.

O. anniilatum Sowerby. Versailles, Indian? ; Westboro, Ohio.

O. tnrbidiim Hall and Whitfield. Cincinnati.

O. hindei James. Cincinnati.

O. dnseri Hall and Whitfield. Wa}Tiesvi]le, Ohio.

O. carleyi Hall and Wliitfield. Tnyettville, Brown County, Oliio; Cov-
ing^ton, Kentucky; Lebanon, Ohio.

O. tenuifilum Hall. Cincinnati.

Colpoceras arcuatum James, n. sp. Cincinnati.

4 Confirmed by E. S. Bassler, in correspondence.
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Endoceras pioteifonue Hall. Cincmnati.
Jil. auuulatuni Hull. No locality.

ill. iiuigiiixeiiliuiu Hall. (Jiuciunati.

Jii. appioxmiatum Hall. ISio iotality.

Jii. suLi-ceutiale Hail. JMo locality.

Uomplioceras eos Hall and Wtiiiiield. Daylou and Waynesville, Ohio
and VVeisburg, Indiana.

G. iaberi Milkr (^^U. cmcinnatiense Millci). Cincinnati; from middl*
to top of rocks.

(Jynoceras vallaudigliauii Miller (=C. conoidale Wetherby). Cincinnati,

Ohio; Columbia, I'enn.; Uairaa Co., Hy. ; V\ estborougn, Ohio.

C. faberi James, ii. sp. VVaynesviUe, Ohio, upjjer pait of group.
C. ventrieosum Milii.'i. Columbia Ave., Ciiiciuiiati. 1l)U ft. above low

water.

C. irregulare Wetlierby. I'^reeport and Waynesville, Warren Co., Ohio,
and Versailles, Indiana; upper part of group.

C. magister !S. A. Milier (--C. obscurum Miller j. 1st ward, Cincinnati,

1^0 it. above low water.

C. amoenum Miller, itichmoiid, Indiana; Cincinnati.

Lituites pianorbiformis Conrad. No Cincinnati locality.

Li. circularis Miller and Dyer (^^Trociiolites ininuscuius Miller and Dy-
er). Morrow, Ouio, and Cincinnati.

L. baeri Meek and VVortnen. iiicnmond, Indiana; upper part of group.
L. ammonius Conrad. Cincinnati.

Faber (1886) in volume 9 of the Cincinnati Society Journal

described Cyrtoceras temiiscptuin from specimens from Waynes-

ville, Ohio, and Vjersailles, Indiana.

Aiiller (1894) described Tryblidium madisonense, Orthoceras

gorbyi, and Cyrtoceras thompsoni from the Cincinnatian rocks of

Indiana in the i8th report of tlie Indiana Department of Geology

and Natural Resources.

Miller and Faber (1894 adv. sheets, 1892) described Gompho-

ceras indianense from the upper part of the Cincinnatian in In-

diana, and Orthoceras ludlowense and 0. albersi from the Tren-

ton of Kentucky, and changed Tryblidium madisonense to Cyrto-

cerina madisonensis.

Hyatt (1894) presented notes on Trocholites circularis and

T. minusculus and described the new species, T. dyeri.

Harper and Bassler (1896) in their privately printed catalogue

of the fossils of the Trenton and Cincinnati periods occuring in

the vicinity of Cincinnati, Ohio, list the following cephalopods.

Again the figures indicate height above low water mark of the

Ohio River, as in Ulrich's lists.

Cyrtoceras amoenum Miller near 6

C. conoidale Wetherby „ — 5-6
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C. faberi James ; 5-6

C. lysander Billings (=C. tenuiseptum Paber) 6-

C. magister Miller near 2

C. ortoni (MMek) 2-3

C. vallandighami Miller 3-4

C. ventricosum Miller 2
Cyrtocerina madisouensis Miller 5-6

Endoceras magniventruni ( ?) Hall 0-2

E. proteiforme Hall 0-7

Gomphoceras cincinnatiense Miller 3-4

G. eos Hall and Whitfield near 6
G. faberi Miller 5-6

G. indianense Miller 5-6

Gyroceras baeri Meek and Wortlien 6-7?
Orthoceras albersi Miller O-i/^

O. byrnesi Miller 3 -4

O. carleyi Hall and Whitfield near 3
O. cincinnatiense Miller 3-4
O. dyeri Miller 3-5

O . fosteri Miller 5-6

O. hallanum Miller 3-5

O. harperi Miller 3-5
O. junceum Hall 0-2

O. ludlowense Miller 0-

%

O. meeki Miller 3-4
O. mohri Miller 4-5
O, transversum Miller 0-3
O. turbidum Hall and Whitfield 3-5
Trocholites animonius (?) Conrad 0-%
T. circularis Miller and Dyer 3-4
T. minusculus Miller and Dyer 1-2

Nickles (1900) attempted to place the species of Cincinnati

fossils in named units of the Cincinnatian for the first time. The
cephalopods have been placed as follows

:

TEENTON
Cameroccras proteiforine, Orthoceras alhersi, 0. junceum, Trocholites

ammonius
UTICA (Entire)

Orthoceras transversum.

LOWER UTICA
0. junceum

MIDDLE UTICA
Cyrtoceras magister, C. ortoni, C. ventricosum, Trocholites mimisculus

UPPER UTICA
No indigenous cephalopods reported

MT, HOPE
No indigenous forms reported

FAIRMOUNT
Cyrtoceras conoidale, C. vallandighami, Orthoceras hyrnesi, 0. cincinna-

tiense, 0. meeM, O. turhidum
BELLEVUE

No cephalopods reported.
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CORRYVILLE
Goniplwceras cinciimatiense, G. faberi, Orthoceras dyeri, Orthoceras

harperi
MT. AUBURN

No indigenous forms reported
WARREN (ARNHEIM)

Orilioccras mohri
LOWER RICHMOND

Cyrtoceras faberi, C. irregulare, Gomphoceras indianensc, Orthoceras
carleyi, O. fo.strri, O. liallianum, TrochoUtcs circularis

MIDDLE RICHMOND
Cyrtoceras amooium, Cyrtoceras lysatider, Gomphoceras cos, Gyroceras

iaeri

UPPER RICHMOND
Cyrtocerin a madisonensis

Cumings ( 1908) included the following cephalopods in his

lists and presented descriptions and illustrations of a number of

the forms.

Cyrtoceras aaioenum Miller Richmond
C. hallianiim d 'Orbigny Saluda
C. tenuiseptum Paber Richmond
C. thompsoni Miller upper Richmond
Endoccras proteit'orme Hall whole Cinciiinatian

Gomphoceras indianense Miller and Faber Richmond
Gyroceras baeri (Meek and Worthen) middle Richmond
Oithoceras bilineatum Hall doubtful
O. byrnesi Miller upper Maysville
O. carleyi Hall and Whitfield Richmond
O. duseri Hall and Whitfield lower Richmond
O. gorbyi Miller ?

O. junceum Hall doubtful
O. mohri Miller Wayuesville (2)

Foerste (1910) identified Suecoceras inccquahile (Miller), a

Maquoketa species, from the Waynesville of Ohio, and described

Orthoceras (Dawsonoceras) hammelli from the Hitz bed at Madi-

son, Indiana, Orthoceras bilineatum jrankfortense and Ortho-

ceras (Loxoceras) millcri from the Cynthiana limestone of Ken-

tucky, Orthoceras {Ormoccras?) hitsi and Cyrtoceras hitsi from

the Hitz layer at Madison, Indiana.

Bassler (1915) included the Cincinnatian species in his bib-

liographic index of Ordovician and Silurian fossils giving infor-

mation as to the horizon which in general agrees with that of

Nickles (1900).

Foerste (191 7) in volume 20 of the Journal of the Cincinnati

Society of Natural History described Tripteroceras (Lambeoc-

eras) richmondensis from the Whitewater formation of Rich-



BXJLLETIN 116 180

mond, Indiana, and referred Cyrtoceras hitzi to Zitteloceras.

l^oerste (1924, Denison Umv. iiuil., vol. 20) m the tirst of

his cephaiopod papers, included tlie ioUovving Lnicinnatian spec-

ies:

-bicbtoeeras mdiaueiist; Miller and I'aber. Whitewater beds.
jJicstoceras eus (^Jiall aau Wliitliekg. Wliitevvater beds.
l>iesLueeras sliideieri j.- oerbie, ii. bp. VViiiLtwacer Oeas.

(JuaracLoceras oaeri (^MeeK aiiu Vvurtiicii^. VvniiewaLer beds.

He also placed Goniphoceras cincmnatiense m Uncoceras and

indicated tliat G. jaben may belong there, although in some re-

spects It IS suggestive of BeLoitoceras.

i^'oerste (ly^O, p. 323) erected the genus Wctherbyoceras

based upon Cyrtoceras conoidale Wetiierb}/ of the Leipers forma-

tion of Kentucky.

i^'oerste (1928, pp. 40, 41, pi. 6, tig. 2; pi. 2^^, fig. 9) based the

new genus iruedssunuceras upon Urthuccras turbidum Hail and

VVhitheld and figured and described under tiiis species a specimen

from the Leipers of southern Kentucky.

Foerste (1929) figured a Richmond endoceroid as Cameroce-

ras, sp., regarding tlie apex as representing the filling of an en-

docone, and described Cameroceras {/) jaberi from the Hitz lay-

er of Madison, Indiana, and Trocholites jaberi from the Cyn-

thiana limestone of Kentucky.

Foerste and Teichert (1930) described Ormoceras covington-

ense from the Maysville of Kentucky, Deiroceras nashvillcnse

from the Cathys of Tennessee, and Armenoceras madisonense

from tlie Richmond, probably the Saluda, of Madison, Indiana.

Foerste (1933, p. 135) described the new genus, Fayettoceras,

based upon Cyrtoceras thompsoni Miller of the Richmond of In-

diana.

Two previous attempts at a revision of the Cincinnatian cephal-

opods have been made which did not result in any published

works. Foerste (fide, litt., 1926) writes of the first as follows

:

"Shortly before his death, S. A. Miller was engaged in a revision

of the cephalopods of the Cincinnatian. A great number of the

drawings had already been made when a dispute about payment

for the same arose. The artist confiscated the types figured, and

nothing has been heard of them since."
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Foerste began a revision of these cepiialopods, largely upon the

basis ot material iroin Ur. Shiueler's collection. He put tlie work

aside, however, in order to work witli Dr. Ulrich on the Uzarkian

and Canadian cephalopods. l^oerste's incomplete manuscript,

consisting ot a number ot Uescriptions, is incorporated in tiie pres-

ent work, and sucli species as he had described appear witli his

name. In some cases his descriptions are quoted directly. In otii-

er instances they have been rewritten, as new material has made
possible a more complete understanding ot quite a number of the

species.

NAMES APPLIED TO CINCINNATIAN CEPHALOPODS
PRIOR TO 1935

The following list includes those scientific names which have

been applied to cephalopods of the Cincinnatian. These are ar-

ranged alphabetically by genus, witli the result tiiat tiie same spe-

cies sometimes appears more than once. After each species its

present status is indicated insofar as the present progress of the

work permits. The species may be divided as follows

:

1. Species which have been restudied and have been found to

be valid.

2. Species which cannot be recognized owing to inadequacy

of the extant descriptions and figures and to our failure up to the

present to relocate and study the type specimens. It is hoped that

in the future this list can be shortened.

3. Species which are unrecognizable because they are based

upon inadequate material.

4. Erroneous or dubious identifications. In this group are

those species which were described from regions other than Cin-

cinnati but which have been identified, usually in faunal lists, as

occurring in the Cincinnatian proper. In some cases the iden-

tifications are patently erroneous, as in the recognition of the Mid-

dle Silurian European species, Orthoceras annulatum Sowerby,

now the genotype of Dawsonoceras. Other species are not recog-

nized in the present work because Cincinnatian forms have failed

to prove identical with typical material. In some instances re-

study of the original material is required before the species can be
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recognized with certainty. In almost no instances have we been

able to find the exact material from the Cincinnatian upon which

these determinations have been based. Species described in pre-

liminary papers by the writer (Flower 1939B, 1942, 1943) are

not included.

Armenoceras iiiadisonense Foerste and
Teichert, 1903.

Cameroceras, sp. Foerste, 1929.*

Camei'oceras faberi Foerste, 1929.*

Charactoceras baeii (Meek and Wor-
then, 1865).

Golpoceras arcuatiim Wetlierby, 1881.

C. clarkii Wetherby, 1881.

Cyrtoceras amoeiium Miller, 1878.

C. conoidale Wetlierby, 1881.

Cyrtoceras faberi J.ames, 1886.

C. hitzi Foerste, 1910.

C. irregTilare Wetherby, 1881.

Cyrtoceras lysander Billings.

C. magister Miller, 1874.

Cyrtoceras ortoni (Meek and Worthen,

1865).
C. obscurfl Miller, 1874 (not Bar-

rande).

C. tenuiseptiim Faber, 1886.

C. tliompsoni Miller, 1894.

C. vallandigliami Miller, 1874.

C. ventricosa Miller, 1874.

C. ventricosum Miller, 1874.

Cyrtocerina madisonense (Miller,

1894).
Dawsonoceras hammelli (Foerste,

1910).
Diestoceras eos Hall and Whitfield,

1875.

Diestoceras indianense (Miller and
Faber, 1894).

Diestoceras shideleri Foerste, 1924.

Endoceras proteiforme Hall.*

Endoceras approximatum Hall.

Endoceras annulatum Hall.

Endoceras magniventrum Hall.

Endoceras subcentraJe Hall.

Fayettoceras thompsoni (Miller,1894)

Gomphoceras acceptum Ulrich, 1880.

G. eos Hall and Whitfield, 1875.

Armenoceras madisonense Foerste

and Teichert

Charactoceras baeri

Unrecognizable.
Unrecognizable.
Beloitoceras amoenum
Unrecognizable.
(Genotype of Wetherbyoceras Fo-

erste 1926)
Charactocerina faberi

Zitteloceras hitzi

Manitoulinoceras (?). Unrecogniz-

able.

Not present in Cincinnati

See Manitoulinoceras tenuiseptum
Manitoulinoceras williamsse

Faberoceras magister

Faberoceras magister
Westonoceras ( ?) ortoni

Westonoceras, sp,

Manitoulinoceras tenuiseptum
Fayettoceras thompsoni
Augustoceras, sp.

Westonoceras ventricosum *

Westonoceras ventricosum .

Cyrtocerina madisonensia

Gorbyoceras hammelli

Diestoceras eos

Diestoceras indianense
Diestoceras shideleri ^

Dubious
Dubious
Dubious
Dubious
Dubious
Fayettoceras thompsoni
Nomen nudum.
Diestoceras eoa

'

Species to be treated in Part II, not thoroughly studied at present.
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G. faberi Miller, 1884.

6. cincinnatiense Miller, 1884.

G. indianense Miller and Faber, 1894.

Gyroceras baeri (Meek and Wortben,
1865).

Lituites plauorbiformia (Oonrad),
James, 1886.*

L. circularis (Miller and Dyer, 1878)
James 1888.

L. ammonias (Conrad) James, 1886.

L. baeri (Meek and Wortheu, 1865)
James, 1886.

Melia cincinatse d'Orbigny. 1849.

Oncoceras cincinnatiense (Miller,

1884), Foerste, 1924.

O. (?) faberi (Miller, 1884), Foerste,

1924.

Ormoceras covingtonense Foerste and
Teichert, 1930.*

Ormoceras hitzi (Foerste, 1910).*

Orthoceras albersi Miller and Faber,
1894*

O. ampicameratum Hall. * Not at

Cincinnati.

O. annellum Conrad.
O. annulatum Sowerby.
O. bilineatum frankfortense Foerste,

1910.

O. byrnesi Miller, 1874.*

O. carleyi Hall and Whitfield, 1874.

O. cincinnatiense Miller, 1874*

O. duseri Hall and Whitfield, 1874*

O. dyeri Miller, 1874. *

O. fosteri Miller, 1874.*

O. gorbyi Miller, 1894. •

O. hallianum Miller *

O. halli Miller, 1874 (not Barrande),
0. harperi Miller, 1874.

O. hindei James.

Orthoceras hammelli Foerste, 1910.

O. hitzi Foerste, 1910.

O. juneeum Hall.

Orthoceras (Loxoceras) milleri Foer-

ste, 1910.

Orthoceras ludlowense Miller and
Faber, 1894.

Orthoceras ortoni Meek and Worthen,
1865.

Orthoceras transversa Miller, 1874.

Orthoceras transversum Miller, 1874.

Oncoceras faberi

Oncoceras cincinnatiense

Diestoceras indianense

Charactoceras baeri

Trocholitea, sp.

Trocholites circularis

Trocholites, sp.

Charactoceras baeri

Unrecognizable.

Oncoceras cincinnatiense

Oncoceras faberi

Treptoceras
Treptoceras
Tre^jtoceras ( I)

May be Machelinoceras ludlowense.
Not at Cincinnati.

Not at Cincinnati
*

' Spyroceras '

' bilineatum frank-

fortense

Treptoceras
Not recognizable.

Treptoceras
Treptoceras duseri

Treptoceras
Not recognizable.

Gorbyoceras gorbyi.

Treptoceras hallianum
Treptoceras hallianum
Treptoceras
Probably a preservation phase of

O. transversum. Unrecognizable.
Gorbyoceras hammelli
Treptoceras hitzi

Presence at Cincinnati very doubt-
ful. Species not adequately known.

Treptoceras milleri

Michelinoceras ludlowense

Westonoceras ( ?) ortoni

Treptoceras transversum
Treptoceras transversum
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Oithoceras turbidum Hall and Whit-
field, 18(55. Troedssonoceras turbidum

Piiiagmoceras hector BUlings. Not at Cincinuati.

ISuecoceras inaequabile (Miller)

J^'oerste, 1910. Ideutity doubtful.

Tripteroceras (Lambeoceras) rich-

moudeuse Foerste, 1917. Lambeoceras richmondense.
Trochoceras baeri Meek and Worthen,

1865. Charactoceras baeri
Trocholites ammouius Conrad. * Trocholites, sp.

T. circularis Miller and Dyer, 1878.* Trocholites

T. Oyeri Hyatt, 1894.* "
,;

T. minusculus Miller and Dyer, 1878.* *

'

Trocholites planorbiformis Conrad.* "
Troedssonoceras turbidum (Hall and

Whitfield, 1874) Troedssonoceras turbidum
Wetherbyoceras conoidale (Wetherby) Wether byoceras conoidale

( Unrecognizable)

,

Augustoceras, sp.

Zitteloceras hitzi (Foerste) Zitteloceras hitzi

SPECIES ERRONEOUSLY IDENTIFIED IN THE
CINCINNATI REGION

A considerable number of .cephalopods of the Cincinnati region

have been assigned to species typically developed in other regions,

and usually in other horizons. I list these species, under the gen-

eric name first applied to them, in chronological order as they

were reported from the Cincinnatian. In some cases it is quite

evident what these species are ; in others it is extremely uncertain.

Endoceras proteijorme Hall. This species is typically devel-

ed in the Trenton limestone of New York. It has been customary

to refer almost any large endoceroid shell to this species. Fully

nine-tenths of the Cincinnatian specimens of endoceroids are too

poor for specific determination. The writer is frankly uncertain

whether any of the Cincinnatian species are actually E. protei-

jorme. The matter requires a restudy of E. proteijorme as the ex-

tent of variation in typical Trenton specimens is uncertain.

Endoceras approximatum Hall (Miller, 1874; Ulrich, 1880).

The species is inadequately known and may not be distinct from

E. proteijorme.

Trocholites ammonius Conrad. This has been widely cited

from both the Cynthiana and Covington. Most Cincinnatian

specimens are too poor for proper comparison. (Miller, 1879; Ul-

rich, 1880; James, 1886).
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Orthoceras anellus Conrad. Ulrich ( 1880) cites this from a

400 foot elevation; James (1886) lists it from Versailles, Indiana.

The Versailles occurrence is probably Gorbyoceras liammelli or

G. crossi, both of which are known to the writer from there, but

it could be any of the annulated species treated here.

Orthoceras amplicaineratitni Hall. This Trenton species is not

adequately known and its generic position is uncertain. Deeply

camerate forms assigned to this species are apparently in part the

deeply chambered Michelinoceras hidlowense of the Cynthiana

limestone. Cited by Ulrich, 1880; James, 1886.

Ortlioceras jiincciim Hall. This Trenton species has a sub-

orthochoanitic siphuncle. The numerous citations of this form

are based upon phases of preservation rather than on valid speci-

fic details. It is cited by Ulrich and James. Cumings ( 1908) ex-

pressed doubt as to the correctness of the identification.

Endoceras anmdatum Hall. A Trenton species, the genotype

of Cyclendoceras Grabau and Shimer. Cited by Ulrich, but with-

out horizon data. No Cyclendoceras has been recognizable among

the material available for the present study.

Endoceras magniventruni Hall. A Trenton species. Appar-

ently Cincinnatian endoceroids with very large siphuncles have

been placed under the name. Neither the typical New York form

nor the Cincinnatian forms assigned to it are adequately known.

Endoceras subcentrale Hall. This is a Black River species

known from a fragment of a siphuncle. The species is inade-

quately known and may l^e identical with Vaginoceras longissi-

mum (Hall).

Phragmoceras hector (Billings). This is a Middle Silurian

species, placed by Foerste (1929) in Gomphoceras, sensu stricto.

Lituites planorbijormis (Conrad). This is a Lorraine species

of New York, properly placed in Trocholites. Cincinnati species

may belong here, but the specimens studied are too poor for close

comparison with the typical New York form.

Cyrtoceras hallianum d'Orbigny. This was cited from the up-

per Richmond at Madison, Indiana. The species is a Zitteloceras

of the Trenton of New York. Foerste found the form which o,c-
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curs at Madison distinct, and proposed for it the name hitzi.

Cyrtoceras lysander Billings. Foerste formerly regarded C. ten-

idseptum Faber as a synonym of this species, which is typically

developed in the Richmond Meaford formation of Ontario. The

two forms are closely related species of Manitoulinoccras, but are

here regarded as distinct.

Orthoccras aiinulatwin Sowerby. This is a British Silurian

species, the genotype of Dawsonoceras. Neither Dawsonoceras

nor its genotype occur in the Ordovician,

Orthoceras olorus Hall. This species is typically developed

in the Trenton of New York. Foerste (1928, p. 179, pi. 40, fig.

9) has placed it in Spyroceras using the genus very broadly. The

Cincinnati forms might be almost any annulated orthoconic spe-

cies.

RANGE OF CINCINNATIAN CEPHALOPODS
Although at the present time the cephalopods of the Cincinnat-

ian have not been completely studied, the probability that the ap-

pearance of Part II of the present work may be delayed for some

time makes it desirable to present such information on the strati-

graphic range of the species as can be supplied now. This in-

cludes the species in the present portion of the work but

also draws to some extent upon investigations which are reserved

for the second part.

Two types of cephalopods range throughout the Cincinnatian,

the endoceroids, which at present we can only class as Endoceras,

and the smooth orthoceracones with nummuloidal siphuncles for

which the genus Trcptoceraj; was erected. These are the com-

monest of the Cincinnati cephalopods and unfortunately present

special problems in identification 'which have not yet been over-

come. It is impossible to treat the endoceroids properly because

of the fragmentary nature of nine-tenths of the material. Trep-

toceras is typically more complete, but not only has it been im-

possible to treat properly the several thousand Cincinnatian spec-

mens collected for this study, but also it has been impossible as

yet to locate and restudy more than a small fraction of the types of

described species of "Orthoceras", most of which obviously

belong to this genus.
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Treptoccras and Endoccras are present in all members of the

Cincinnatian, though I have not indicated them always in the

fauna! lists. In Treptoceras, the relationships have not yet been

worked out in detail, but the observations made up to the present

time indicate recurrence of general t}pes. Whether the recurring

types are sufficiently unmodified to be considered the same spe-

cies in dififerent horizons has not yet been determined, nor have

investigations proceeded far enough to determine whether, as is

suspected, the recurring types suggest the same conditions as the

recurrence already noted time and again by other investigators

of other fossil types in the Cincinnati column.

MOHAWKIAN SEEIES
PRE-CYNTHIANA FAUNAS

Very little information is available concerning the cephalopods

of the Middle Ordovician formations underlying the Cynthiana

limestone in Kentucky and the equivalent Cathys limestone in

Tennessee. In Kentucky cephalopods are not abundant in the un-

derlying formations, at least down to the Tyrone formation of

Black River age. In Tennessee the pre-Cathys beds carry several

assemblages of cephalopods, which are, however, largely unde-

scribed. Foerste and Teichert (1930) have redescribed a number

of the actinoceroids. I do not reproduce these as the list is ob-

viously very incomplete, and a proper evaluation of the faunas

will require many more complete data. Nothing is known from

these formations similar to the Cincinnatian Treptoceras.

Two forms included in the present work from the earlier Tren-

ton of Kentucky are "Spyroceras" bilineatuni frankfortense

Foerste of the Curdsville horizon and "Spyroceras" mcfarlani

Foerste of the Perryville member of the Trenton.

CYNTHIANA LIMESTONE
The Cynthiana limestone varies in both faunal and lithological

characters. It is supposedly upper Trenton in age, but its cor-

relation with the New York section presents difficulties which

will not be discusserl here. The cephalopods are largely from

the typical Greendale limestone, the cephalopod-bearing lens in

the Greendale limestone at the Poindexter quarry at Cynthiana,

and the upper beds of the Cynthiana including the Bromley shale
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and the Point Pleasant beds, of northern Kentucky and southern

Ohio. These faunas are distinct and are Hsted separately. Trep-

toceras and endoceroids occur, but only those which are already

published or are at present in manuscript are included.

Greendale limestone (general).

—

Troedssonoceras obscuroliratum Flower, n. sp.

Armenoceras vaupeli Flower, n. sp.

Danoceras cynthiaiiense Flower, n. sp.

Faberoceras sonnenborgi Flower, n. sp.

Faberoceras saffordi Foerste, n. sp.

Faberoceras ooceriforme Flower, n. sp.

Oncoceras fossatum Flower, ii. sp.

Oncoceras, sp.

Poindexter quarry lens.—This fauna was discovered in 1939

in a small lens in the Poindexter quarry. The fossil material is

no longer obtainable due to quarrying. The cephalopods were

previously described by the writer. The same lens contained

abundant association of gastropods and pelecypods in its lower

portion. An extensive collection of this unique association was

made and deposited in the University of Cincinnati Museum by

the writer in 1939, but only a small portion of it could be located

when the cephalopods were studied (Flower, 1942). The nau-

tiloid species have been previously described, no new material

is available, and they are not redescribed or reillustrated in the

present work.

Treptoceras persiplioiiatum Flower
T. pra?nuntiuin Flower
T. perseptatum Flower
Eizoceras graciliforme Flower
R. eonicimi Flower
Oncoceras carlsoni (Flower)
Oonoceras ]>laniseptatum Flower

O. aciitum Flower
O. ( ?) brevidomum Flower
O. multicameratum Flower
O. gracilicurvatum Flower
O. triangulatum Flower
O. triangulatum var. eylindratum Flower
O. suborthoforme Flower
Diestoceras, sp.

Bromley shale and Point Pleasant limestone.—This fauna is

best known from quarries at Covington, Kentucky. Other lo-
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calities are noted.

Michelinoceras ludlowense (Miller and Faber)
Michelinoceras (?) ivoreiise Flower, n. sp. Ivor, Ky.s
Treptoceraa albersi (Miller and Faber)
Beedsoceras mcfarlani Flower, n. sp.

Oonoceras curviseptuni Flower, n. sp.

Oonoceras covingtotiense Flower, n. sp.

Trocholites faberi Foerste
Endoceras, n. sp.

"Suecoceras", n. sp.

OATHYS LIMESTONE
The Cathys is the equivalent of the Cynthiana hn>estone

in Tennessee. Its cephalopod fauna is not adequately

known, but such forms as have been described are listed because

of the importance of this fauna in relation to the Cynthiana, and

the relation of both of these earlier faunas to the Leipers.

Armenoceras brevicameratnni Foerste and Teichert
(aff. Armenoceras vaupeli Flower.)

Deiroceras capitolense Foerste and Teichert

Deiroceras nashvillense Foerste and Teichert
Treptoceras troosti (Foerste and Teichert)
Saffordoceras nelsoni Foerste and Teichert
Probillingrsites williamsportcnsis Foerste

In addition, material studied in the U. S. National Museum
has shown the presence of a number of Oncoceratidse. These

specimens were finally rejected as too fragmentary for proper

study, but are of interest for their similarity with the cephalopods

from the Poindexter quarry lens. Further, their preservation

was very similar to that of the Poindexter association and may
have occurred under similar conditions.

CINCTNNATTAN SERIES
CO\'7Nf;TON SUBSEKTES

Eden group.—The Eden in general contains the ubiquitous

Endoceras, which is usually represented there by little more than

the spiess, the mud filling of the last endocone. and which can be

identified only by inference and comparison with better preserved

material in the same beds, and Treptoceras. Treptoceras is often

5 Michelinoceras ( 1) ivorense Flower, n. sp. This species, to be de-

scribed more fully in Part II, is illustrated here on Plate 28, ficr. .3, and
therefore the following brief description is included: Shell circular, very

slender, enlarging from 10 mm. to 10. .5 mm. in .30 mm. Sutures straight,

camerse very shallow, 16 in a length of 17 mm. Maximum shell diameter

of specimen, showing gerontic features, 10..5 mm.. The bactritiform shell,

small size, and very shallow camerae distinguish it from all other cephalo-

pods of the Middle and Upper Ordovician of America.
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represented from the Economy up to the McMicken, and even

in the overlying Mount Hope, by the preservation phase to which

the name Orthoceras hindei was apphed. Trcptoceras is far from

uniform in the Eden. The Fulton contains an association of sev-

eral relatively large species, more similar to those of the Corry-

ville than to any forms found higher in the Eden. Elsewhere,

small externally banded forms appear which have been named

Orthoceras transversum. It appears, however, that this form is

either very variable or more than one species is involved.

1. Fulton beds

The Treptoceras of the Fulton, consisting of at least three

species, have not as yet been thoroughly studied. The only ad-

ditional form is that figured here as "Spyroceras", sp.

2. Economy member
Treptoceras transversum
Trocholites, sp.

Endocera^, sp.

This formation is more calcareous than the Southgate, and it

is possible that from it are derived some of the species which

have been regarded as coming from the Southgate member, which

is more shaly.

3. Southgate

Treptoceras transversum,

TrocJwlites, sp.,

Michelinoceras, sp., aff. ludlowense,

Diestoceras edcnensc Flower, n. sp.,

Westonoceras ventricosum (Miller)

Westoiwceras, sp.

Westonoceras {?) ortoni (Meek)
Faheroceras magister (Miller)

AugvMoceras (?), sp.

Most authors attribute Trocholites minusciihis Miller and Dyer

to this horizon. This little known species is not known to me

from any stratigraphically determined collections.

4. McMicken

The McMicken beds have yielded no cephalopods other than

the endoceroids and Treptoceras. The "Orthoceras hindei"

preservation phase is particularly common in this bed, but occurs

also in the Southgate. (See species of uncertain relationship.)

Maysville group.—A few species are des,cribed from the Mays-
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ville without indication of the subdivisions of this group from

which they came. These forms are Hsted with notes on their

probable origin.

Banoceras f/racile Flower, n. sp. Fairview (?)
Vaupclio inimitum Flower, n. sp. Fairview (?)
Auq\ii<tocer(is {?) vnUandi(!hami (Miller). Attributed to Fairmount by

Nickles (1902) and Bassler (1915).
Augustoceras, 2 sp.

1. Fairview beds

The Fairview, the lower division of the Maysville, is divided

mto the Mount Hope beds and the overlying Fairmount member.

The faunas are listed separately.

a. Mount Hope
Treptoceras transversum (Miller)

Treptoceras, sp.,

Troedssonoceras multiliratum Flower

(?) Troedssonoceras turbidnm (Hall and Whitfield)

Vaupelia seibcrti Flower, n. sj).

No cephalopods have been previously listed from the Mount

Hope. Yet it is much richer in orthoceracones than is the over-

lying Fairmount.

b. Fairmount

Treptoceras, sp.

Troedssonoceras multiliratum. Flower
Troedssonoceras turbidum (Hall and Whitfield)

Diestoceras bettinee Flower, n. sp.,

Vaupelia. rus-'^elli Flower, n. sp.

In addition, Orthoceras cincinnatiense and O. meeki were re-

garded as Fairmount by Nickles (1900), and Bassler (1915)

cites as Fairmount Orthoceras byrnesi, in addition to the above.

In view of the extreme rarity of orthoceracones in the Fairmount

as at present delimited, the Strophomena zone marking its base,

and the appearance of Platystrophia ponderosa marking the base

of the overlying Eellevue, it seems more likely that the originals

of these species came from either the underlying Mount Hope

beds, which are similar in many faunal elements, or the overlying

Bellevue beds.

c. Leipers

The cephalopod fauna of the Leipers is best developed in ex-

posures along the Cumberland River in southern Kentucky. The

cephalopods are best developed in the lower beds in association
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with two biostromes of Tetradiwn. Above these layers there is

found a Hmestone layer, remarkable for the abundance of pelecy-

pods, which has yielded some distinctive cephalopod species.

Higher beds show a fauna dominantly composed of brachiopods

and Bryozoa, with only occasional oithoceracones, and in the

upper part of these beds Platystrophia ponderosa becomes a dom-

inant element of the fauna. The cephalopods of the Leipers are

listed with designations as to horizon.

Horizons.— i. Lower Tetradium reef. 2. Inter- reef beds. 3.

Upper reef. 4. Pelecypod layers. 5. Higher beds.

Endoceras, sp. 1-4.

Anaspyroceras cumberlandense Flower, n. sp. 3-5.

Treptoceras, sp. 1-5.

Troedssonoceras rowense Flower, n. sj). 1-4.

Armenoceras, sp. 3 or 4.

Faberoceras percostatum Flower, 11. sp., 1, 3-4.

Faberoceras transversum Flower, n. sp. 4.

F. multicinctum Flower, n. sp. 4.

F. shideleri Foerste and Flower, n. sp. 3-4.

AugTistoceras shideleri Flower, 11. sp. 1-4.

A. medium Flower, n. sp. 1-4.

A. commune Flower, n. sp. 1-3 ; rare in 4.

A. minor Flower, n. sp. 1-3.

Danoceras crater Flower, n. sp. 4.

Danoceras bulbosum Flower, n. sp. 1.

Oncoceras bassleri Flower, n. sp. 3-4.

Oncoceras arlandi Flower, n. sp. 4.

2. McMillan foimation

This name is applied to the upper division of the Maysville,

comprising the Bellevue, the Corryville, and Mount Auburn mem-
bers.

a. Bellevue member

The only cephalopod other than Treptoceras and Endoceras

thus far noted from the Bellevue is the form figured and described

here as Troedssonoceras cf. multiliratum.

i. Corryville

The Corryville, which consists of thin-bedded limestones and

alternating shales, is rich in cephalopods in contrast to the Fair-

mount or Bellevue. Treptoceras is abundant, though often poorly

preserved. Shells commonly show a flattening of the upper side,



193 CiNCINNATIAN CePHALOPODS : FlOWEK 111

which is indicative of wear or abrasion of the shell as it lay in its

maitrix. This is probably due to a lowering of wave base rather

than to subaerial erosion, the explanation usually applied to such

phenomena.

The Corryville is noteworthy also for the presence of feeding

trains of cephalopods, linear impressions in the rock caused by

the forward movement of these straight shells. In certain beds

of the lower Corryville, notably at Stone Lick Creek, such mark-

ings have been found to exhibit an irregular radial arrangement,

suggesting that the cephalopods clustered about some source of

food. Also in the Corr}ville were found markings consist-

ing of a horseshoe-'shaped arrangement of a series of small ver-

micular markings. These are interpreted as impressions in the

mud made by the tips of the tentacles of a straight cephalopod.

The fuller description of these phenomena is intended to be in-

cluded in Part II of the present work.

The writer has found few cephalopods otiier than the ubiquitous

types in the Corryville. However, Nickles (1900) and Bassler

(1912) have attributed to the Corryville Oncoceras cincinnatiense

and Oncoceras faberi. The specimen here figured as Oncoceras,

sp., was labeled as Corryville, but the stratigraphic designation

was made long after the specimen was collected on the basis of

Dr. Ulrich's recollection of the locality. Faheroceras elegans is

attributed to the Corryville on a better basis, that of the Bryozoa

which were found within the living chamber and which were

studied by Miss Helen Duncan. Nickles (1900) lists OrtJioceras

dyeri and O. harperi as Corryville species. At the present time

I am uncertain as to the limits of the species and have not been

able to locate the types. Certainly more than two species of

Treptoceras occur in these beds. The list of exotic forms is giv-

en below

:

Oncoceras cincinnatiense (Miller)

Oncoceras faberi (Miller)

Oncoceras, sp.

Trocholites (?), sp.

Faberoceras elegans Flower, n, sp.

c. Mount Auburn

The Mount Auburn which overlies the Corryville contains fair-
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ly abundant remains of a large Treptoceras. Strangely, no spe-

cies have been assigned to this formation by Nickles or by Bassler.

Endoceras occurs sparingly. The only other cephalopod known

from this formation is a single Trocliolites, known only by a liv-

ing chamber from the Ulrich collection of the U. S. National

Museum.
RICHMOND SUBSERIES

The Richmond, the equivalent of the Covington, has generally

been designated as a "group" but is more properly a subseries or

a stage.

Arnheim formation.—The Arnheim has been regarded as

a formation and divided into two members, the Sunset and

the Oregonia. The present data on the small cephalopod fauna

do not indicate the range of species in terms of these members.

The only exotic types are from the Arnheim of Lebanon, Ken-

tucky, not far below barren shales regarded as lower Waynes-

ville. These consist of Ecdyceras foerstei and Probillingsites leb-

anonensis.

Elsewhere the only cephalopods known are Treptoceras and

Endoceras.

Waynesville formation.—The Waynesville comprises a thick-

ness of 97 feet of sediment and has been divided into three mem-

bers, the Fort Ancient, the Clarkesville, and the Blanchester.

1. Fort Ancient member

Cephalopods are exceedingly rare and poorly preserved in the

lower part of this member. The top, however, consists of a layer

of soft clay shale, sometimes known as the trilobite bed, from the

abundance of Calymene, and sometimes as the duseri zone, from

the abundance of Treptoceras duseri (Hall and Whitefield). This

zone has yielded the following fauna

:

Treptoceras duseri (Hall and Whitfield)

Treptoceras, n .sp.

Endoceras, sp.

Gorhyoceras curvatum Flower, n. sp.

Oncoceras delicatulum Flower, n. sp.

Zitteloceras russelli Flower, n. sp.

Zitteloceras wilUannscB Flower, n. sp.

Manitoulinoceras williamsce Flower, n. sp.

Manitoulinoceras tenuiseptum (Faber)

It is also almost certainly the source of the unrecognizable
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Manitoulinoceras (?) irreyulare (Wetherb) ) and Clark esvillia

halei, tentatively assigned to the next member, might possibly have

come from this zone.

The association is one noted for the beautiful preservation of

the cephalopods, and specimens from this horizon can usually be

recognized by their lithology. The cephalopod fauna is known

entirely from streams in the vicinity of Clarkesville and Waynes-

ville, and many of the rarer finds are due to the industry of Miss

Carrie B. Williams of Clarkesville. Treptoceras is represented by

v^ell-preserved internal molds characterized by remarkably clear

preservation of the features of the inner surface of the camerse,

in particular the septal furrow^.

2. Clarkesville member

Cephalopods from this member are less well preserved, most

of them being derived from the rubbly limestone layers filled with

brachiopods and Bryozoa. The fauna is, however, an interesting

one, being marked by such "typical" Richmond genera as

Schuchertoceras and Diestoceras. The fauna, in addition to

Treptoceras and Endoceras, is as follows

:

Schuchertoceras obscurum Flower, n. sp.

Mcmitoulinoceras, sp. aff. medium
Diestoceras waynesvillense Flower, n. sp.

( ?) Clarkesvillia halei Flower, n. sp.

Probillingsites, sp.

The Probillingsites is represented by several specimens, all of

which are much flattened and show only the faintest traces of the

sutures. The description of these forms is delayed pending the

discovery of better material.

3. Blanehester member

Cephalopods are meagre in this bed. Only three forms are

known in addition to the ubiquitous Treptoceras and Endoceras >

Michelinoceras clarlcesvillense (Foerste)

M. clarlcesvillense var. distans Flower
Probillingsites oxfordensis Flower, n. sp.

Liberty formation.—The Liberty in thickness is more compara-

ble to one of the members of the Waynesville than to the Waynes-

ville as a whole. The most characteristic cephalopod, an unnamed

Treptoceras, is notable for the close spacing of the camerae and

the very gradual rate of expansion. Endoceras occurs here, not un-

commonly preserving the tip of the siphuncle. It is possible that
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some of the Whitewater species which are reported as appearing

in the Liberty may have been derived from loose fra^gments from

the overlying lower Whitewater formation. From the nature of the

loicalities, however, it seems unlikely that this can apply in all

cases. The cephalopods are most abundant in the middle beds of

the Liberty, just above the "AsapJms beds", the source of Isotelus

megistos Foerste. The upper beds of the Liberty contain few

well-preserved fossils, being either barren shales or limestones

consisting of extensively reworked and fragmentary material.

Michelinoceras clarkesvillense (i'oeiste)

Mickelinoceras ciarkesvlllenae var. distans riower, n. var.

Anaspyroceras wUUamscB Plower, ii. sp.
'

' Hpyrocerus ", sp.

Lambeoceras richmondense (Foerste)

Probillings-ltcs minutum Flower, n. sp.

Armenoceras richmondense I'lower, ri. sp.

Diestoceras, sp.

The Diestoceras, not figured or described, is a large form un-

like either D. waynesvillense or any of the Whitewater species.

The only speciinen is a very badly weathered living chamber and

two attached ,camerse, from the middle Liberty of Flat Fork Creek

collected by Miss Carrie Williams and the writer. Occasional

Characteroceras have been found in the Liberty, but only at lo-

calities where they have come from the overlying Whitewater

which in these cases is present in the overlying slopes.

Whitewater formation.—This formation is exceedinlyy variable

in Ohio and Indiana. From eastern Ohio near Manchester north-

west, it is of a noncommittal character and is not easily differenti-

ated from the Liberty. From Elk Creek west to Flat Fork Creek,

and Oxford, the lower Whitewater is characterized by a rich ceph-

alopod fauna, which can be traced to near Versailles, Indiana. I

have found remnants of the same fauna in the shales and lime-

stones directly underlying the Saluda at Madison, Indiana, which

are currently classed as Liberty, but are regarded by the writer

as the remnant of the lower Whitewater.

The Saluda replaces most of the Whitewater, all except pos-

sibly the basal beds, at Madison, Indiana, where it is marked by

the .coral beds near its base and the Hitz fauna, a dwarfed fauna

of upper Whitewater aspect, near its top. Farther north, near

Canaan, the Hitz fauna persists through a greater thickness of the

Saluda and is represented by larger forms. At Versailles, Indi-
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ana, the t}pical upper Whitewater is present above tlie Saluda,

consisting of ruhbly hmestone and shale with abundant Strep-

telasuia, and tlie Saluda consists of light \ellow to gra\' dolomitic

beds including the coral beds and shows some mud cracked lay-

ers.

Near Oxford, the Saluda lithology is restricted to the few feet

surrouniling the coral beds, and farther east it disappears. The

relationship of the Saluda to the Whitewater is clearly faciologi-

cal. The Saluda fauna is not so small as the present faunal lists

would indicate. It is particularly rich in cephalopods, gastropods,

and pelecypods in certain beds, often in association with or close

tu the coral Ijeds. However, difficulty has been encountered plac-

ing the boundary between the Saluda and Whitewater precisely

in some localities, while collections from otliers contained forms

which could be assigned to the Saluda or \\ hitewater only on

the basis of lithology, which ma\' be sometimes deceptive. The

difficulty is made greater by the origin of most of the specimens,

which are \\'eathered from slopes and sometimes found at the

bottoms of clififs containing lower Whitewater, Saluda, and upper

Whitewater.

1. Lower Whitewater

A few feet above the beds, showing evidence of wave scour

and the "turkey track layers" regarded as marking the base of

the Whitewater, occurs the "Charactoceras bed". This bed rare-

ly yields good specimens on weathered cliffs exposed to the air,

as such weathering tends to break up the specimens rather than

to expose them. However, in silicious limestones and more

rarely in the associated shales, Charactoceras and other cephalo-

pods are found in stream beds. The specimens are not abundant,

and the present faunal list represents the product of years of

careful collecting. The fauna is not uniformly distributed but

appears to be concentrated in local pockets ; further, species

show some concentration. Sliideleroccras simtatum is known

from a large suite of specimens from this zone at Little Four Mile

Creek, while Rizoceras bellulum occurs only at Dodge's Creek, at

Oxford, Ohio. Very large endoceroids characterize the bed and
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have been the means of recognizing it as tar east as Manchester,

Uhio. I'reptoceras is represented by several species, not as yet

fully studied, 'ihe arenaceous niternal molds Vk^hich come from

this bed are quite distmctive in lithology. While they may pre-

sent excellent surfaces, internal preservation is almost always

very poor, and sections have only rarely revealed good siphuncles.

rhis horizon has long been neglected by Cincinnati collectors

because the fauna is neither easy to see nor to obtain. The

specimens rarely if ever weather out of the rock properly, as tliey

do in most parts of the section. Indeed, the cephalopod-bearing

layer tends to weather into small nodular pieces of silicious

limestone which show scant regard for the outline of the fossils

preserved there. At Dodge's Creek on the outskirts of Oxford, the

layer shows abundant evidence of reworking by worms and also

pelecypods have contributed, for small shells are found here in

their life position preserved vertically in the rock. At Little Four

Mile Creek a remarkable concentration of Charactoceras was

found here, over a hundred specimens being obtained from a

limestone layer containing fragments of Bryozoa, Isotelus, and

brachiopods, in an area of not more than 12 square feet. With

them were found a half dozen Diestoceras, a number of

orthoceracones, and a Shideleroc eras. Needless to say, the

icephalopods are not so abundant as this in the layer at all places.

I have found only a sparse association at Flat Fork Creek. The

best results are always obtained by the systematic breaking up of

the cephalopod layer. Unfortunately it is not always easy to find

this layer, as otlier limestones resemble it quite .closely, and the

cephalopods are not always evident even upon the surfaces of

the layers when exposed in streams. The fauna is such a varied

one, however, that almost every trip to a locality showing the

horizon has resulted in some cephalopod of special interest. Fur-

ther collecting is to be urged, since with the fauna of 36 species

described here are fragments indicating the presence of still other

species thus far known onl\' from fragments too poor to merit
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description.

Micliclinoccnis, sp.

Auaspyoceias williamsaj Flower, n. sp.

Bickmovilos r.'.rum i'lower, n. sp.

Goibyoeeiii;, sp. all", calviui (Foresie)

G. gorbyi (Miller)

G. duiicai.iL- i''lov\or, n. sp.

G. simile Flower, ii. sp.

Proljiilingsites oxfordenyis Flower, n. sp.

P. fabcri Flower, ii. sp.

.Scliacliertoeeras (liscretiiiii (Foerste), ii. sp.

8. discretum var. minor Flower, n. var.

fc;. prolongatum (Foerste) ii. sp.

S. cf. rotandum Flower n. sp.

Graeiioeeras cxtonsum Flower, n. sp.

Easmussenoecras variable I'lower, n. sp.

Lambeoceras ric-.hmoiidcaso (Foerste)

Manitoulinoeeras (!) trigouale Flower, ii. sp.

M. moderatum Flower, n. sp.

Btaufforoccras subtrinugulare Flower, n. sp.

Beloitoceras cumiiigsi I'lower, u. sp.

B. ohioense Flower, n. sp.

B,, sp.

B. geniculatam Flower, n. sp.

B. protractum Flower, a. sp.

B. bucheri Flower, n. sp.

Neumatoeeras subconicum Flower, n. sp.

N. chrysalis Flower, n. sp.

Oonoceras rcetidomum Flower, n. sp.

Eizoeeras belliikim Flower, u. sp.

Zitteloeeias, perexpansiiin Foreste, n. sp.

Shideleroceras simiatum Foerste, ii. sp.

S. simplex Flower, ii. sp.

Diestoceras eos (Hall and WJiilfiekl)

Diestoeeras shideleri Foerste
Diestoceras indianense (Miller)

Diestoeeras attenuatum J'lowcr, n. sp.

Charactoeeras baeri (Meek)

2. Saluda coral beds

The coral beds of the Saluda lie between the lower and upper

Whitewater formations, though in southern Indiana they are

capped by more beds of Saluda lithology, but beds containing a

very different association of species. The precise origin of most

specimens in the Saluda cannot be determined. In some regions

the locality presents such evidence, notably where, as in the vicin-

ity of Oxford, Ohio, the upper Saluda is replaced by the upper

Whitewater. Other data are supplied by the collecting of Dr.

W. H. Shideler and the writer.

Diestoceras shideleri (Foerste)
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Diestoceras indianense (Miller)

Cyrtocerina earinifera Flower, n. sp.

Wiiideleroceras giacile Flower, ii. sp.

iviiuileoceras equilaterale Flower, n. sp.

ivlanitoulinoceras nioderatuiii Flower, n. sp.

Manitouiinoceras gyroforme Flower, u. sp.

Beloitoceras amoeuum (Miller)

Miamoceras shideleri Flower, n. sp.

Zitteloceras shideleri Flower, n. sp.

Lambeoceras riclimondeiise (Foerste)

Probillingsites, sp.

o. Upper Whitewater

Charactoceras baeri (Meek)
Charactocerina faberi (Miller)

fcichuchertoceras cf. prolongatum (Foerste)

iSchuchertoceras (?), sp.

Lambeoceras richmoudense (Foerste)

Schuchertoeeras discretum var. minor Flower, n. var.

(Schuchertoceras geniculatum Flower, n. sp.

iSchuchertoceras rotiuidum Flower, n. sp.

Whitfieldoceras ( °!) casteri Flower, n. sj).

Kasmussenoceras variabile Flower, n. sp.

Oonoceras rejuvenatum Flower, n. sp.

O. shideleri Flower, n. sp.

O. fennemani Flower, n. sp.

Oncoceras anomaluin Flower, n. sp.

Beloitoceras anioenum (Miller)

B. cumingsi Flower, n . sp.

B. ohioense Flower, n. sp.

B. chapparsi Flower, n. sp.

B. transiens Flower, n. sp.

Manitouiinoceras moderatum Flower, n. sp.

M. erraticum Flower, n. sp.

M. (?), sp.

Zitteloceras lentidilatatum Foerste, n. sp.

4. Upper Saluda of southern Indiana

The Hitz fauna receives its name from the Hitz quarry at Mad-

ison, Indiana. This association was regarded as an upper White-

water fauna present in the upper beds of the Saluda. As typical-

ly developed, the fauna is conhned to the extreme upper portion

of the Saluda at Madison, and consists largely of small shells.

Insofar as the cephalopods are concerned, the small size is due to

the presence there of only early growth stages of the shells. It is

not a true dwarf fauna, but the result of wave action in breaking

down and sorting the shells. The same species, represented by

larger individuals in a lesser concentration and spread over a

greater thickness of the Saluda, occur in the hills at Canaan, Indi-

ana. Ni) WHiitewater is known here overlying the Saluda. How-

ever, Whitev/ater beds occur above the Saluda at Versailles, but
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there also the highest beds of the Saluda contain a few representa-

tives of this same association.

Treptoeeras hitzi (Foerste)

GoriiyocoraK crossi Flower, n. sp.

Gorbyocoras harnniolli (Focrstc)

Gorbyoeoras gorbyi (Miller)

Fayettoceras thonipsoni (Miller)

Kindleoeeras rotundum Flower, n. sp.

K. cuniingsi Flower, n. sp.
|

Manitoulinoceras nioderatum Flower, n. sp.

Oncoceras anonialiini Flower, n. sp.

Oncoceras duneaiiffi Flower, n. sp.

Oncoceras exile Flower, ii. sp.

Oonoeeras insuetuni Flower, ii. sp.

Diestoceras indianense (Miller)

Diestoceras cyrtocerinoides (Flower)
Diestoceras pupa Flower, n. sp.

Armeiioceras niadisoneiise Foerste and Teichert

Cyrtoceriiia ma<lisonensis (Miller)

Cyrtoceriiia patella Flower
Cyrtocerina niodesta Flower
Charactoceras baeri (Meek)
Zitteloceras hitzi (Foerste)

Austral ELKHORN
WHITEWATER

LIBEFrrY
V-VAYNESVILLE

Boreal

Figure 8. Diagranuiiatic representation of Ulrich 's concept of the al-

ternate incursion of southcin (austral) and northern (boreal) faunal ele-

ments into the Cincinnati region. The zigzag line represents the boundary
between the two geographic realms, as it changetl throughout Upper Ordo-
vician time at Cincinnati.
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5. Saluda—division uncertain

Diestoceras eos (Hall and Whitfield)

( ?) D. reversum Flower, n. sp.

I). ( ?) vasiforme Flower, n. sp.

Elkhorn formation.—Cephalopods are rare in tlie Elkhorn, and

most specimens have been too fra^jmentary for certain identifica-

tion.

Manitoulinocorjis uilinumi Flower, n. sp.

Manitoulinocerus cf. nioderatum Flower, n. gp.

Scliuchertoceras proloiigatum Flower, n. sp.

Michelinoceras cf. clarkesvillensc (Foerste)
Diestoceras cf. shideleri Foerste

( ?) Diestoceras reversum Flower, n. sp.

Beloitoceras ulrichi Flower, n. sp.

Beloitoceras cf. amoenum (Miller)

Beloitoceras cf. eumingsi Flower, n. sp.

INTERPRETATION OF THE CEPHALOPOD FAUNAS
OF THE CINCINNATI SECTION

While full anal3'sis of the signifi,cance of the cban!;irKj cephalo-

pod faunas in the geological column at Cincinnati must be delayed

until the completion of the second part of this study, the facts al-

ready ascertained have a considerable bearing upon the broader

aspects of faunal and paleogeograpbic problems. Ulrich (see

Foerste, 10.^2, p. 54) interpreted the recurrence of faunas at

Cincinnati in terms of faunal invasions originating alternately

from the north and from the south. Fie believed (fig. 8) that

austral elements entered the Cincinnati area in Cynthiana and

Cathys times, giving way to faunas from northern waters in Eden

time, but reappearing in the Cincinnati region in Fairview time.

Northern waters again brought in the McMillan fauna, but gave-

way to austral elements in the Arnheim, while the hidier Rich-

mond formations were marked hy an increasing dominance of

boreal invaders without further interference by southern faunas.

It has not 'been possible to recognize distinct austral and boreal

elements in the cephalopod faimas. Perhaps this is partly be-

cause while supposedly boreal cephalopod faunas have been rather

extensively studied, there was, at tlie outset of this investigation,

no group of cephalopod genera or species which could be called
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austral with any degree of certainty. Perhaps this is because so

httle is known of the cephalopods of the southern Appalachians,

and indeed also of the Nashville dome. On the otiicr hand, many
startling and characteristic types have come to be considcrefl

particularly diagnostic of the boreal faunas, t!ie Apsidocera-

tidae, the Diestoceratidce, such actino,ceroids as Kochoccras and

Sclkirkoceras, the Mixochoanites, ]Vestonoceras, arid Ephippior-

thoccras, to cite only a few of the better known and more char-

acteristic types.

The Cincinnati region seems to contain a few types ol' cepha-

lopods which are indigenous, notably the genera Treptoccras and

Endoceras. These are well developed in the Cincinnati area and

appear in every formation. They are common to the Nashv";e

dome, the Cincinnati arch, and the Cincinnatian of southern On-

tario and northwestern New York. Treptoceras attains its max-

imum development in the Cincinnatian of Cincinnati. Although

the species may change from one horizon to the other, the stock

continues from the appearance of the Cynthiana and Cathys

faunas to the close of the Richmonfj. Endoceras. Treptoceras

(and Trocholitcs, which is rare and sporadic in tlie Cincinnati

region but better developed in the Lorraine of New York) seem

to be genera indigenous to the Cincinnati, Ontario, and New
York formations of Cincinnatian age. They form essentially a

background for the more rapidly changing pattern formed by the

succession of the other cephalopod types.

The Cynthiana and Cath)-s faunas are marked by a large

MichelUioccras, Amicnoccras, Prohilliiir/sifcs, Trocdssonoceras,

Kindlcoceras, Dciroceras, Danoceras, Oncoccras, Oonoceras,

Rcedsoceras, Paberoceras, and Trocholitcs. With the exception

of the Micheliuoceros, Faberoceras, Trocholitcs, and possibly

Oncoceras, these are genera which, by their present known dis-

tribution, are regarded as characteristic of boreal faunas. Prob-

aiinrisifcs occurs in the boreal invasion of the Cobourg faunas as

noterl by Kay Tto.^,^)- The species of Oonoceras which occur

here are strikingly similar to species from the Vaureal of Anti-

costi, the Bighorn formation, and the Fremont limestone, as pre-

viously noted (Flower, 1942). Danoceras appears in the Cape
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Calhoun fauna, Anticosti, and in the Upper Ordovician of Oslo,

and the Whitehead formation of Gaspe. Armenoceras, Riso-

ceras, Kindleoceras, and Reedsoceras are known largely from

Black River faunas of supposedly boreal origin.'^

This reduces the possible austral forms to Trocdssoiioceras,''

possible oncoceroids, and the genus Faberuceras. Clearly, either

something is wrong with previous concepts of the origin of some

of tliese genera or the Cynthiana and Cathys must have- received

significant boreal contributions to their faunas.

The exotic members of the Eden fauna are confined to Tro-

cJwUtcs, which may be indigenous, but suggests a connection

with the Lorraine seas of New York, and the following cyrto-

conic genera : Fabcroceras, Diestoceras, IVestonoceras, and,

doubtfully, Aiujustoccras. The single Diestoceras is an anomal-

ous species with no close relatives and is not a useful index to

faunal relations. The Fabcroceras is clearly inherited from the

same realm which supplied this genus to the tmderlying Cynthi-

ana formation. The Augastoceras is dubious, but the IVestono-

ceras is not, and the genus is one well known from northern

faimas, the Cape Calhoun formation, various equivalent horizons

in the Arctic Archipelago, the Nelson limestone of Hudson Bay,

the Red River series of Manitoba, the Bighorn formation, the

Viola limestone, and the Stewartville dolomite. It has also been

recognized in the Oslo region, (Strand, 1034) but the reference

of these species to IVestonoceras seems dubious in the absence

Some ol' these i'aun;;s are nov/ regarded by Kay as Hockland, basal

Trenton. It seems, however, that they form a unit ir.dicating a general

boreal .Tssociation wiLh the Black River faunas as restricted, to whicli the

mitldle Trenton faunas offer a sharp contrast. Tije Cobourg, wliich marks,

at least in Ontario and New York, a second boreal invasion, contains cepha-

lopods of markedly more advanced types. The matter of the Trenton-

Black Eiver boundary is not in itself such an important question, save

that in its jiresent position it leads to misleading generalizations in rela-

tion to Black River versus Trenton faunas. Tiie writer would favor draw-

ing this boundary at the top of the Hull, thus uniting the Rockland and
Hull faunas with the Black River to whicli their cephalopods, at least, are

very closely related.

7 This is an actinoceroid, v»-liile species referred to the genus from the

Cape Calhoun formation are not (Teichert, 1934; Flower 1939B).
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of detailed inforniatifjn on the internal structure. As the only

occurrence of Wcstoiwccras in the Cincinnati section, not only is

this genus a clear index of the occurrence of boreal faunas in the

Eden, but it also suggests very strongly the pre-Richmond age

of many of the boreal Ordovician ccphalopod faunas.

Treptoceras and Endoccras held sway throughout the Fair-

view, being joined only by an occasional, and always rare Troeds-

sonoceras, Augiistoccras, and Vaupclia. Vaupelia is not

known outside of the Cincinnati region and is confined to this hor-

izon. Troedssonoccras and Augiistoccras, although apparently

specifically distinct at least in part from their relatives in the

contemporaneous Leipers fauna, are clearly remnants of that

fauna at the extreme northward extent of their range.

The cephalopod fauna of the Leipers, best developed in south-

ern Kentucky, contains the most characteristic eephalopod as-

semblage to be found in the Covington subseries. Fahcroceras,

Danoceras, Oncoceras, Troedssonoccras, Armenoceras, Anaspy-

roceras, and Aiigustoceras, form this association. Except for

Aiigustoceras and Anaspyroceras, these are genera found in the

Cynthiana fauna, and their presence here supports the concept

that the Leipers fauna is a recurrence, though in a modified form,

of that of the Cynthiana. The species are different, however.

The Leipers Fahcroceras is more strongly ornamented than its

Cynthiana forbears and is further specialized in the migration of

the siphuncle toward the center of the shell and the appearance

of endocones in some species. The Danoceras species are closely

similar to forms known from the Upper Ordovician of the Oslo

region, and to a lesser extent, to species from the Whitehead

formation of Gaspe. The species of Oncoceras are in part close-

ly related to their Cynthiana predecessors, but in part also to

Black River species from Ontario. Augnstoceras is not known

outside of the Leipers and Fairmount with certainty. Anaspy-

roceras, is too little known and probably too broadly distributed

to be a reliable guide to faunal relationships.
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Persistence of the Leipers iiilluence in the Bellevue formation

at Cincinnati is shown by the presence of Troedssonoccras, the

only exotic form thus far found in that horizon. The Corryville

combines with its inehgenous types a doul:)tful Trocholitcs, a

Faberoceras which is clearly phylogerontic in relationship to

the Leipers species, and Onoceras of a rather generalized type.

The only Mount Auburn cephalopod, aside from Treptoceras

and Endoceras, is a single TrocJiolitcs.

Exotic types in tlie Arnheim, which is generally poor in cepha-

lopods, are confined to a layer of silicious limestone replete with

pelecypods and gastropods at Lebanon, Kentucky. Here Ecdy-

ceras and Prohillingsites occur. Ecdyccras was previously known
only from the middle Chazyan of the Champlain Valley (Flower,

1941B). Probilliufjsitcs is known in earlier strata from the Co-

bourg of New York and Ontario and also from the Cathys lime-

stone of Tennessee.

No exotic types are encountered again in the Cincinnati column

up to the bed of shale marking the top of the Fort Ancient mem-
ber of the Waynesville. This horizon, in the vicinity of Clarkes-

ville and W^aynesville, has long been noted for the abundance of

Calymene and Trepfoccras dnscri. Here, for the first time, is

an appreciable association of genera which will persist through-

out the remainder of the Ri.chmond. The indigenous types are

joined by one species of Oncoccras, though this species is rather

generalized, and might be interpreted as a recurrence of such,

forms as those of the Corryville. However, more significent are

Gorhyoceras, Manitoulinoceras, and 7Jttcloccras, while the niono-

typic Clarkesvillia may have come from this horizon instead of

the overlying Clarkesville mem.ber.

The Clarkesville member shows a continuation of Manitoulino-

ccras but is particularly marked b}' the appearance of a large

Diestoceras and the mixochoanitic genera ProbiUingsites and

Schuchertoceras. \n the Blanchester ProbiUingsites continues.

It is joined by the first Armenoccras encountered since the Lei-

pers horizon and the eharacteristic Michclinoccras clarkcsvillense.

The Liberty shows a continuation of the Michelinoceras in

Ohio. In Indiana and Kentucky, notably in the Bardstown coral
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reef, Armenoccras reappears, and a tiny Probillingsites has been

found in the Liberty in Ohio. The middle Liberty of Flat Fork

Creek has \ielded a single large Diestoceras of Richmondian as-

pect, but which is too poor to merit description. Specimens of

Charactoccras and Lambcoccrus have been reported from the

Liberty, but [)ractically all specimens are from outcrops also

exposing the lower Whitewater, and may possibly have come

from that horizon.

The lower Whitewater cephalopod association shows marked

affinities with the fauna of Anticosti and with the boreal Ordo-

vician faunas. Charactoccras and several large Dicstoccras are

the most conspicuous elements of a fauna containing also Neiima-

toccras, Oncoceras, Beloitoceras, including some phylogerontic

forms and also the species group of B. amoenum, Schucherto-

ceras, ProhiUinf/sites, Staiifferoccras, Maiiitoulinoccras, Laniheo-

ccras. and Rasmnssenoceras , all of boreal affinities. Shidelero-

ceras makes its first appearance here, with JVhitficIdoccras,

Graciloceras, and Zitfeloceras which are not typical boreal types.

Many of the same genera, sometimes the same species recur

in the upper Whitewater, particularly in the vicinity of Oxford,

Ohio. Kindleoceras and Miamoccras join the assemblage in the

Saluda, as does the little known Faycttoceras. Tn the upper

Saluda Cyrtoccrina is the significant addition to the fauna.

Little is known of the Klkhorn cenhalopods. No new generic

types appear. Some specimens are too fragmentary for certain

specific identification, while in a few cases better material has

revealed new species which have a definite ph^'logerontic rela-

tionship with their predecessors in the Whitewater and Saluda.

From the aboA^e stimmary it is evident that, starting in the

Wavnesville. but reachinsr its maximum development in the

Whitewater and Saluda, there is an incursion of faunal elements

new to the Cincinnati area, most of which are better developed

in the boreal Ordovician. includinp- the Fremont limestone. Big-

horn dolomite, the T^ed "Ri^^er series of Manitoba, the Nelson and

Shamattawa lime.stones of Hudson Bay. the Ordovician of At-

patok Island. Frobisher Bay and Putnam Highland, various
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other localities in the Arctic Archipelago, and the Cape Calhoun

series of Greenland. In comparing the Cincinnati forms with

congeneric species from these regions a striking disparity in size

is at once evident. The more northern forms are so very much
larger as to suggest that these forms may well have lived under

tropical conditions in contrast to which the seas of the Cincin-

rtati-Nashville region, and probably also those of New York, On-

tario, and even Anticosti were at the best temperate. This hypo-

thesis becomes even more convincing when other faunal elements

are compared in relation to size. The Red River corals are im-

mense in contrast to those of Cincinnati, while the same is true

of some of the brachiopods, as in the case of Rhynchotrema ca-

pax. Neither the Anticosti nor the Whitehead faunas share the

gigantism which marks those of the Bighorn, Selkirk, or Arctic

species. It would seem, therefore, that both the Anticosti and

Whitehead faunas share in some measure the temperate aspects

of the Cincinnati and New York faunas.

From the point of view of geography it is perhaps strange that

the Anticosti fauna seems to contain much more in common with

tjie fauna at Cincinnati than does the more southerly Whitehead

fauna of Gaspe. The answer is perhaps partly ecological. Both

the Cincinnati and Anticosti faunas lived in an environment of

muds supplied by nearby continents. The contest between mar-

ine substance and detrital materials of continental origin is re-

llected in both sections by the rapid alternation of shale and lime-

stone. The Wliitehead formation, however, reflects as an environ-

ment a relatively shallow quiet sea far enough from any emergent

land mass to be essentially free from the coarser pro-

ducts of subaerial erosion. Environmentally, faunally,

and lithologically it is more closely allied to the Red

River faunas, which developed in a widespread continen-

tal em'bayment, evidently from the Arctic, and was either rela-

tively far from shore or was surrounded by land masses which

bad essentially attained peneplanation and were too low to con-

tribute significantly to the composition of the sediments of the

adjacent seas.
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A possible solution may be otfered to the problem of the dis-

tinction between the boreal and austral faunas encountered par-

ticulari) m the lower two-thirds ot tiie Cnicinnati column, it

may be that, iackmg suitable criteria, we have failed to evaluate

the austral elements properly, if tlic} are present, however, it

is clear tiiat tlity liave penetrated to some extent into faunas

and regions previously regarded as boreal.

ihe association of (Jncoceratidee, Danoceras, Armenoceras,

'l rocdssonuceras, and Paberoceras marks tlie Catliys-Cynthiana

faunas, which with the loss of i-'robdlingsites and the addition of

Augustoceras and Anaspyroceras, recurs in Fairview time. The

oncaceroids appear to be essentially an American stock; th-ey

are very poorly represented in tiie arctic faunas, except by not-

ably specialized types, and are very poorly known in northern

i£urupe. The closest relatives of l-'aberoccras occur possibly in

die Eala of England, and certainly in the Lyckholm formation

of Esthonia, while the Danoceras of the Cincinnati region find

their closest counterparts in the Oslo faunas. It may be that

ex,cept for the Oonoceras, this is the "austral" fauna so difficult

to recognize in the cephalopods. if so, it may be possible to

trace a faunal realm embracing these different regions. It would

form essentially an arc, roughly concentric with and lying w^ith-

in the larger arc extending from Colorado to Greenland, and

which we have ventured to interpret as a tropical realm. The

austral realm would then have the approximate form of a part

of the temperate belt such as we might expect if one of the poles

lay somewhere in Africa. It is surprising, and reassuring, that

this concept is not widely different from the pangaea for th^ Or-

dovician as postulated by Grabau on the basis of quite other evi-

dence. The pattern is not perfect, but it is impossible to make

proper allowance for modifications such as exist today due to

the location of land masses and tlie consequent development of

ocean currents.
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SYSTEMATIC DESCRIPTIONS

As noted in the introduction, the arrangement of faniihes and

genera is somewhat arbitrary. First are placed those forms

which are definitely included in the Stenosiphonata. Within this

group, the arrangement is artificial. First are discussed the an-

nulated orthoceracones which constitute two unrelated genera.

These are followed b}^ the suborthochoanitic cephalopods, for

which no systematic name is used, l^heir derivatives, the Mixo-

choanites follow : and the secondarily cyrtochoanitic cephalopods

with ventral siphuncles, constituting the AUumettoceratidse,

Oncoceratidse, Valcouroceratidse, and Diestoceratidre. The Dis-

cosoroidea, of uncertain origin, are placed next, followed by

brevicones of uncertain position. The nautiliconic types, the

Apsidoceratidai and Bickmoritidse, follow, completing the steno-

siphonate forms covered in the present volume. Next are placed

as archaic cephalopod types SJiideleroceras and Cyrtocerina,

which apparently barken back to primitive and little understood

Ozarkian and Canadian types. Following these groups, there is

placed the suborder Eurysiphonata, of which only three genera

of the Actinoceroidea are included here.

A key to the genera known to occur in the Cincinnati region

is provided. This will be found to be of value only for relatively

complete specimens. No key could probably be devised to ac-

commodate the more fragmentary remains.

KEY TO ORDOVICIAN NAUTILOID GENERA OF THE
CINCINNATI REGION

1. Siphunele holoehoanitie (Endoceroidea) Part II

Siphuncle aneuchoanitic (Archaic genera) 2

Siphunele ellipochoanitic 3

2. Shell a slender cyrtocone. Siphunele central, connecting rings

very thin SJiideleroceras

Shell a rapidly expanding endogastric cyrtocone. Connecting rings

distended into siphunele Cyrtocerina

3. Shell gyroconie to nautiliconic 4

Shell orthoconic, cyrtoconic or breviconic 7

4. Shell gyroconie, siphunele central, exterior of shell with an-

nuli BieJcmorites

Shell with an impressed zone 5

5. Siphunele subeentral, cyrtochoanitic; shell rapidly expanding 6

Siphunele dorsal, tubular, expansion gradual TroclwUtes (Part II)

6. Shell with annuli throughout life Charactocerina
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Shell with anniili only in early whorls Charactoceras

7. Shell orthoconic ^

Shell cyitoeoiiic or breviconic if essentially straight 17

8. Section prominently triangular, siphuncle in the ventral

angle Kindleoceras

Section round, or depressed, never prominently triangular 9

9. Sliell with prominent ornamentation 10

Shell essentially smooth or with only faint transverse markings 12

10. Shell Hated, with longitudinal ribs Trued-stfonoceras

Shell annulated; finer markings are always longitudinal, but trans-

verse markings may also be present 11

11. Siphuncle orthochoauitic Anasy-yroceras*

Siphuncle eyrtochoanitic Gorhyoceras*

12. Cross section strongly flattened, a dorsal and ventral surface sep-

arated by sharp lateral angles 13

Cross section circular or slightly depressed 14

13. Siphuncle marginal, minute, often invisible, essentially subortho-

choanitie or barely eyrtochoanitic llasmussenoceras

Siplnmcle large, prominent at the septum Lambeoceras
14. Septum deep, subconieal; ventral flattened, suture with ventral

lobe Ecdyceras
Septum normal; venter without prominent lobe or flattening 15

15. Sipliuncle orthochoanitie, tubular MicJieUnoceras (Part II)

Siphuncle eyrtochoanitic 16

16. Siphuncle small, segments vary from slightly broader than long

to suborthoehoanitic in the later growth stages

Treptoceras ( Part II

)

Siphuncle very large, at least one-fifth of the surface of septum;
septal necks recumbent, segments broadly expanded through-

out, rings broadly adnate adapieally Arvienoceras

17. Extant part of shell strongly gibbous, with sutures rising orad on
dorsum. Siphuncle subcentral. Septum at base strongly round-

ed ( Mixochoanites pars) 18

Extant part of shell without the combination of gibbosity and
sutures witli dorsal saddles 19

18. Dorsal saddles not set off sharply from rest of suture... ProMllingsites

Dorsal saddles sliarply set off from rest of suture by sharp lateral

angles; sigmoid ScJmchertoceras
19. Shell essentially straight 20

Shell markedly curved 23

20. Siphuncle subcentral; shell fusiform WMtfieldoceras
Siphuncle marginal, shell not fusiform. 21

21. Shell breviconic, slightly compressed in section 22
Shell triangular in section Kindleoceras

22. Siphuncle slender, its outlines angular Danoceras
Siphuncle scalariform to rounded, more expanded and actino-

siphonate _ Biestoceras
23. Siphuncle suborthoehoanitic. Shell a slender compi'essed cyrtocone

with short closely camerated phragmocone and a long living

chamber Ch-aciloceras

Siphuncle eyrtochoanitic. Shell without combination of a long liv-

ing chamber, short phragmocone, and closely spaced septa 24

* Three species which are unknown internally are placed in " Spyro-
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24. Siphiincle free from actinosiplionate or other deposits 25
Siphuiicle with actinoyiphonate or annulosiphonate deposits 36

25. Section compressed or round 26
Section strongly depressed 34

26. Shell gibbous adorally 27

Shell cyrtoconic, not gibbous 30

27. Ventral profile conspicuously humped before aperture Neumatoceras
Venter not prominently humped 28

28. Dorsal profile not convex over living chamber Beloitoceras

Dorsum convex over living chamber, adoral part of phragmocone
or both 29

29. Gibbosity of shell located above base of mature living chamber
Beloitoceras

Gibbosity located at or below base of living ciiamber Oncoceras

30. Shell rapidly expanding to aperture, adoral part essentially

stiaight. Apex sliglitly curved Bisoceras

Shell a gradually expanding cyrtoeone 31

31. Surface with prominent transverse annuli or projections which are

more or less crenulated ; sii^huncle small Zitteloceras

Surface with only even transverse markings, or smooth 32

32. Adoral part of shell straiglit and slender Miamoceras
Shell uniformly curved 33

33. Shell very slender Oonoceras
Shell moderately expanding Beedsoceras

34. Shell a gibbous brevicone Vawpelia
Shell a slender cyrtoeone 35

35. Siphuncle central Shideleroceras

Siphuncle close to convex side 38

36. Siphuncle actinosiphonate (Family Valcouroceratida;) 37
Siphuncle annulosiphonate or with thickened walls 41

37. Shell a fusiform exogastric cyrtoeone. Actinosiphonate structure

prominent; section subtriangular Augustoceras
Shell a slender cyrtoeone ; apertural contraction absent or termin-

al and abrupt 38

38. Cross section strongly triangular Kindleoceras
Cross section rounded, depressed 39

39. Strongly curved, living chamber slightly inflated, then contracted;

septa widely spaced Staufferoceras

Gently curved, living chamber simple, expanding to aperture 40
40. Septa closely spaced in adult, widely spaced in young. Living

chamber long Manitoulinoceras
Septa widely spaced throughout; (living chamber unknown)

Fayettoceras
41. Shell slightly curved in phragmocone, siphuncle segments subquad-

rate in section ; shell gradually contracted to aperture Westonoceras
Shell definitely exogastric, segments of siphuncle rounded in sec-

tion ; aperture not contracted Faberoceras
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Order NAUTILOIDEA
Suborder STENOSIPHONATA

In the Steuoslplionata (Teichert, 1933; I'lower, 1942) are

placed tlujse cephaltjpods in wliich the ,C()nnectin<4 ring is thin

and homogeneous in structure. The septal necks are ellipochoan-

itic, being both orthcjclioanitic and cyrt(Jchoanitic in form. No
aneuclioanitic genera are placed here. Apparentl\' tliere is a

group of aneuclioanitic cejjhalopods with thin structureless con-

necting rings, but the im\y genus defmitel}' known to have such

structure is SJiidclfroccras. Further investigations are necessary

to determine whether more examples of this structural pattern

may exist among pre-Chazyan cephalopods.

ANNULATJOD UliTHOGEEACONES

INTRODUCTION

Because annulated orthoceracones are easily recognized as a

honieomoiphic unit and separation of the genetic groups involved

is ditbcult, it has seemed that identilication will be best facilitated

by treating tlie Cincinnatian genera under a single heading.

Thirty -one generic names have been proposed for such shells in

the Paleozoic. These have been recently reviewed by the writer

(Tlower, i<j-\2). Annulated shells of the Ord(Jvician are of two

general types those which have hne transverse markings

and vvhicii have in the past been generally assigned to Cycloceras,

although the type of that genus is so little known that it is even

uncertain whether orthochcjanitic or cyrtochoanitic shells should

be placed here. The other type consists of those annulated shells

which bear longitudinal markings, sometimes with secondary

transverse markings. Such shells have been assigned b}' all re-

cent workers to Spyroceras. This genus cannot, however, be

properly applied to any known Ordovician species since it has

been demonstrated that Spyroceras possessing the structure of a

Doloithuceras, is properly a member of the Pseudorthoceratida,

and is, as far as is known, confined to Middle and Upper Devon-

ian species. Nevertheless, even the most recent investigations of

Ordovician nautiloids in America have failed to take these faicts

into account, and annulated shells have been assigned to these
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genera without even an adequate investigation of the internal

structure oi the sheU. Urdovician species, which have the exter-

nal features long considered diagnostic of both Cycloceras and

Spyroctras are both ortliochoanitic and c) rtochoanitic. Ordo-

vician species of tne general aspect of a Cycloceras constitute two

and possibl}- three genera which are not closel} related. Hap-

pily, this problem is of no immediate importance to the present

investigation, as the t} pe Cincinnatian has not yielded any annu-

lated ceplialopods witli transversel}- striated surfaces, ihe sev-

eral species known are of tiie general external aspect of Spyro-

ceras, and some of them have been assigned to this genus by

Foerste and by Miller. The Cincinnatian species, however, con-

stitute one c}rtochoanitic genus, to which the name Gorbyuceras

Shimizu arul Obata can be applied, and one orthochoanitic group

to which the name ^inaspyroceras can be given. Shimizu and

Obata (1935, 193O) applied a great many new generic names to

annulated orthoceracones. A restudy of the Cincinnatian species

shows that the criteria used for generic distinction, con-

sisting of the sharpness and spacing of annuli and the char-

acter of liner surface markings, absolutely fail to serve to dis-

tinguish between the two generic types involved. Further,

Shimizu and Obata proposed their generic names without any

effort to study the species which tliey selecteil as genot) pes. As

a result some of their genera are based upon types so inadequate-

ly known that no other species than the genotypes can be as-

signed to them. Some of the genera which they regarded as

orthochoanitic and assigned to their supposedly orthochoanitic

family Spyro,ceratidas, are actually cyrtochoanitic. This includes

not only Spyroceras itself (Flower, 1939) but also Gorhyoceras.

The taxonomic confusion has been unraveled as far as is possi-

ble by a restudy of the genotypes. However, a few of the genera

are based upon species which either because of rarity, poor pres-

ervation or a combination of the two, are so little known that it

is uncertain whether they are orthochoanitic or cyrtochoanitic

;

indeed, they are Icnown only from the exteriors of internal molds

to which adliere some fra/mients of the shell. From the genera
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of the external aspect of Spyroceras wliiclt were proposed by

Shimizu and Obata, (1935) two names were rescued by a re-

study (jf genotypes, which are employed in the present work.

These v.ere precedeil in arrangement and pagination by some

other genera which are inadequately known. It is greatly to be

feared that the situation has not attained fmal stability. A change

of name may eventually prove necessary when Orthoceras tereti-

foriiie Hall, the gcuotvpe of Hypospyroccras Shimizu and Obata,

and Spyroceras uuddlcvillcnse Foerste, the genotype of Siibspy-

roceras, are made known, if that ever happens, because these

genera precede ^liiaspyruccras and Gorbyuceras. Therefore it

might eventually come to pass that one or even both of these

genera might be found to be identical with those which precede

them in page arrangement, and should therefore be reduced to

synonymy in strict accordance with the rules of zoological no-

m.enclature.

Because Ordovician annulated cephalopods have been previ-

ously assigned rather widel}' to Spyroceras without due regard

to internal structural variations, it is impossible to assign them

to their proper generic position on the basis of the published evi-

dence. As a result, it has been necessary in comparing the ex-

teriors of species of Anaspyroceras and Gorbyoceras of the Cincin-

nati region, to discuss their specific features in terms of speci«s

of "Spyroceras". Species from the Richmond of southern On-

tario, from Anticosti, from the Maquoketa shale, and from the

sediments of the arctic embayment, are very similar to Cincin-

natian ones and are doubtless congeneric with them. However,

the outline of the siphun,cle is known for relatively few of the

species. Thus far there has been so little accord between the

general surface pattern and the condition of the siphuncle, that it

seems unwise to attempt a transfer of these species to either

Anaspyroceras or Gorbyoceras, at the present time, even on the

basis of an external similarity to Cincinnati species of ascertained

internal structure and generic position.

Three generic names are applied to the annulated ortho,cer-

acones of tlie Cincinnati region. I have assigned to "Spyroceras"
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two Trenton species and one fragment from the Fulton which are

inadequately known. The}' are clearly not Spyroceras, for the

I'seudorthoceratidie did not appear until Devonian time and are

traceable to Middle Silurian orthochoanitic ancestors. Never-

theless, until a better basis exists for placing these species, it

seems unwise to attempt a revision of their nomenclature until a

correct solution can be presented.

Two orthochoanitic annulated shells of the external aspect of

Spyroceras are placed in Aiiaspyroccras Shimizu and Obata. One

is from the Leipers formation of southern Kentucky, and tlie oth-

er is from the lower Whitewater of Richmond of Ohio and Indi-

ana.

The remaining species are cyrtochoanitic and are assigned to

Gorbyoceras Shimizu and Obata. Among these is Gorbyoceras

gorbyi (Miller), the type of that genus.

RANCE OF ANNULATED ORTHOCERACONES IN THE CINCINNATI AREA

For completeness, two species described from the Trenton of

Kentucky are included in this report. Neither are adequately

known. "S." hUineatum-jrankjortense Foerste is from the Curds-

ville horizoia, while "S." mcjarlam Foerste is from the Perryville

member of the Trenton, now considered as a formation beneath

the Cynthiana limestone.

The Cynthiana has yielded no annulated shells. The Fulton

has given up a single species known from a single living chamber.

This is describel and figured as "Spyroceras", sp. and is too in-

adequately known to merit a specific name.

No annulated orthoceracones occur in the Covington of Cin-

cinnati. The Leipers of southern Kentucky contains one small

species, Anaspyroceras Cumberlandense Flower, n. sp.

The Waynesville is known to contain only Gorbyoceras curva-

tum Flower, n. sp., clearly a very rare form as it is known only

from the tvpe which is from the shales of the Orthoceras fosteri

beds, with Oncoceras, Manifonlinoceras, and Zitteloceras in the

first significant Richmond cephalopod assemblage in Ohio.

The Liberty has yielded occasional impressions of annulated

shells. The middle Liberty of Flat Fork Creek has yielded a
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single young Anaspyroceras willianisce. All other specimens that

have been gathered from the Liberty are badly weathered impres-

sions of exteriors, which fail to show even the fine surface mark-

ings and are useless taxonomically. Probably more of these would

be available, if it were not that the}- generally occur on the sur-

face of heav}^ limestone slabs and are very difficult to collect.

The cephalopod beds of the lower Whitewater contain Anaspy-

roceras williatnscc Flower, n. sp.. Gorbyoceras duncance Flower,

n. sp., G. (jorbyi (Miller), G'. crossi Flower, and Gorbyoceras

simile Flower, with G. sp. afif. calvini (Foerste) which is so sim-

ilar to that Maquoketa species that I have hesitated to separate

specificall}- the single specimen l\v which this form is known from

the Ohio region.

The Saluda beds contain G. (jorbyi and (/. crossi. The latter i-

nowhere abunflant, but seems to be present both in the lower

Saluda and in the upper Saluda of southern Indiana which is the

equivalent of the upper Whitewater farther north and west. The

upper Whitewater equivalent in southern Indiana, a light-colored

limestone generally classed with the Saluda, is particularly char-

acterized by Gorbyoceras hajuinelli, which I have found fairly

abundant in some regions there, in particular at Canaan, Indiana.

At Madison, Indiana, early stages of this species have been found

in numbers in the Hitz layer, a shaly bed in the Saluda long

known to contain a fauna of upper Whitewater affinities. The spe-

cies is not developed at all in the coral t\ pical marine phase of the

upper Whitewater in Ohio as developed above the Saluda north

of Versailles, Indiana.

KEY TO CIN'CINNATI \X ANNVLATEP OKTHOCEKACONES

Three inadequately known species placed tentatively m"Spy-

roceras" are not included.

1. Siphiiiielc ortliocIioHjiitic. jicrt'ectly tubular (Anaspyroceras) 2

Si)ilmiu-lo cyrtochoiniil if. s'lfll sti-.'n{::lit or curved (Gnrhiincnas) 3

2. S1ip11 small. (surfMcc' drtnils unknown), (icrontie canii-np rd 7 mm.
(iiainpfcr. Siplunx.-lo ninrkoiily opccntrie A. cnmhrrlandenRr

Shell laifip. <:oiontiL' caniria' at iliameter of 15 mm. or more. Si-

pl'uncle suln-cntva). Siirfaui' witli distant equal coarse primary
longitudinal lir?:-, and distant weaker transveise lirae

A. tvilliam^tx
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3. Shell slightly curved, siphuucle relatively slender G. curvaium
Shell straight, siphuncle broadly expanded 4

4. Annuli low and rounded 5

Anniili taharply elevated 7

5. Shell with seccjndary and tertiary longitudinal lirse. Transverse lirje

obscure or altogether absent G. crossi

Slicll without clear tertiary series of lojigitudinal lirtic, transverse

liraj present a»nd well developed 6

6. ki.hell Minall, luaxiniunj <iian!eter known 24 nmi. Annuli only slightly

1)i i((iie G. iMmniciii

Si:e)l large, annuii mai^kedly oblique, vestigial on veut-er in adult

G. (lorbiji

7. Shell large, attaining diameter of 40 mm., surface with equal long-

itmiinal liras G. simile

Slioll smaller, longitudinal lirse of two sericK at least, differing in

strength and prominence 8

8. Primary and secondary longitudinal liv« divideil at crests; primary
lira3 divided throughout (.'. sp. aff. calvini

Primary lirtB only thickened over annuli but not divitled.

Secondary line simple G. dancante

Genus "SPYliOCEKAS" Hyatt

As noted in the introductory portion, the genotype of Spyro-

c^ras, Orthoceras crotaluin Hall of the Devonian of New York,

siiows by its structure that it is an annulatecl shell, one of several

ornamented derivatives of Dolorthoccras. The species which

can properly be assigned to this genus are Middle and Upper

Devonian. No Ordovician or Silurian species arc known which

combine the external appearance of this genus with slender

cyrtochoanitic siphuncles bearing organic deposits foimed by

modified annuli which grow orad along the connecting ring in

ea,ch segment of the siphuncle, finally fusing to form a lining

which if' continuous from segment to segment. (Flower, 1931,

p. I ©9.)

Nevertlieless I include three species of the Cincinnati region

in "Spyroceras" since two of them have already been described

xmder that generic name, and while the generic assignment is al-

most certainly Inglily incorrect, the internal structure of the spe-

cies is still unknown. Eventually these species will probably be

placed in either Anaspyroceras or Gorbyoccras, hut this cannot

be done until at least the form of the segments of the siphuncle

can be made known. Of two of these species I have had no ma-

terial. These are "Spyroceras" bUineatum-fronkfortense Foerste
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and "Spyroceras" incjarlani Foerste. The third form, briefly

described and ligured as "Spyroceras", sp., is an inadequately

known annulated sheU from the Fulton. It is too po(jrl}' pre-

served to serve as a type of a species, and even the hue surface

markings are unknown.
"SpjToceras" bilincatiim-frankfortense (^Focrstc) Plate 2, ligs. 2-3

Ortltoccras (Spyrvceran) bilincalum-frankfurtciDie Focrsto, Duniaun Univ.

Bull., kSci. Lab., Jour., vol. 16, pp. 75-76.

Spyroceras b il int at uin-frankfurtc nae Foerste, ibid., pi. 1, fig. 6A, B.

The type is a small fragment of an ortho,ccracone ^o mm. in

length, apparent!} circular in section, and slender, increasing from

i6 mm. to 17 mm. There are seven annuli in length of 22 mm.,

the annuli being low, rounded, and separated by shallowly con-

cave interspaces. The surface is marked by prominer,t equal

longitudinal lirai crossing the annuli, and spaced 10 or 1 1 in a

width of 10 mm. According to Foerste's description, between

these occur single very tine striae which can be seen with a lens.

His illustrations, which are reproduced here, show that in some

instances more than one of the weaker striae may occur between

the prominent ones. In addition, Foerste notes the presence of

fmc but distinct transverse striae (lira;) about 11 in the length

of I mm.
Discussion.—From Foerste's description it appears that this

species is known only from the type. The writer has had no ma-

terial of tiiis form. Foerste notes that "Spyroceras" hilineatum

has more distant longitudinal striae. He also notes that in "Spy-

rt'ccras clathratnm the intermediate (se,condar\') striae are absent,

hut the prominent longitudinal stria; and transverse striae are simi-

lar.

Type.—Holotype, location unknowii.

Occurrence.—From a cherty limestone beneath the Logana

bed, regarded as Curdsvillc in age. The type is from the Crow

distillery, south of Glen Creek, 6 miles southeast of Frankfort,

Kentuckv,
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"Spyroceras" mcfarlani Foerste Plate 5, fig. 5

Spyroceras mcfarlani Foerste, 1932, Denison Univ. Bull., Bci. Lab., Jour.,

vol. 27, p. 107, pi. 14, fig. 5.

Shell Straight; circular in section; the tvpe preserving 135 mm.
of the shell, incomplete at both ends, but expanding from 34 mm.
to 37 mm. in the middle ^,0 mm. The interior is unkno\\n. The

sutures are straight and transverse, slightl} ol)li<|ne, '.l-'sel;

Sjtaced, 10 in a length eijual to a diameter of 3'i nun. I'lic annuli

are low, rounded and numerous, sc\cn i»r eiglit occurring in a

length equal to the shell diameter. The annuli arc oblique, slop-

ing strong]} apicad on the suj'posed venter. One annulation ma)

c^'oss four sutures, on the ventral side of tlie sliell ;donc. On the

surface 26 ])riniary ril:)s occur, about half a. millimeter in widtli.

The interspaces are Hat and marked In- hve to seven, raised lon!;i-

tudinal lines, the reiUral (,)ne slightly more ])rominent than t'^c

others. Transverse markings, visiljle only at the l)asc (>f the t}])C,

occur in a length of 2 mm.
Discussion.—Foerste compared iliis sj>ecies witli typi(\'d Mcta-

spyyccras which it a.i'proachcs ir: die (i1ili(;ue annuli ^^^^\ in hav-

insr the sutures slightly inclined in the opposite direction. How-
ever, on the same basis it can be compared with the cyrtochoanitic

Gorbyncrras, and indeed, is rather clo.ser to tlie genot3'pe in the

oblique annuli and suttu'es than other Cincinnatian species which

are ,clearly closely related to G. <iorbyi. Until the siphuncle of

this species is known it is impossible to say whether it is a Gor-

hyoccras or whether it is orthochoanitic, in which case it might

be placed in Metaspyroccras. The incomplete condition of the shell

makes even the orientation of the conch un.certain.

The above description is based largely upon Foerste's original

description and figure. His figure is reproduced in the accom-

panAing plates. I have seen no additional material of this species.

Type.—Holotype, U. S. National Museum, No. 871 15.

Occurrence.—Two miles south of the Crow distillery, seven

miles south of Frankfort, Kentucky, from the Perryville member

of the Trenton.
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"Spyrocerae", sp. Plate 2, fig. 6

A single fragment of an annulated cephalopod is known from

the Fulton beds which does not correspond closely with any other

Cincinnatian species. The specimen, only one side of which is

preserved, represents a portion of a living chamber 42 mm. in

length, with an approximately circular section and a mean di-

ameter at the basal end of 22 mm., and 24 mm., at the adoral end.

The septum is obscurel}' preserved at the base of the specimen,

showing no trace of the siphuncle. The suture is weathered but

was apparently nearly straight and transverse.

The annuli, of which six occur on the length of the specimen,

a seventh at the base being lost b}' weathering, are very low and

broadly rounded and separated by low slightly concave inter-

spaces. No trace of the surface features of the shell is preserved.

Discussion.—This species is not well enough known to deserve

a name at the present time, but is certainly unlike any of the other

annulated cephalopods known from the Cincinnatian. Its generic

position is uncertain in the absence of any data on the structure of

the interior of the shell.

Figured specimen.—Univ. of Cincinnati, No. 23907.

Occurrence.—Fulton beds, Twelve Mile Creek, Cincinnati,

Ohio.

Genus ANASPYROCERAS Shimizu and Obata, emend. Flower

Genotype.

—

Orthoceros anelb/s Conrad.

Anaspyroceras Shimizu and Obata. 19.'>5, Shanghai >Sci. Inst., Jour. Sec.2,

vol. 2, p. 4; Flower, 1939, Palaeont. Amer^, vol. 2, No. 10, p. 109;

Flower, 1943, Bull. Amer. Paleont., vol. 28, No. 109, p. 114.

This genus, as revised by the writer as the result of a restudy

of the genotype (Flower, 1942) seems to be the only one of the

various names already proposed which can legitimately be used

for shells with the external aspect of Spyroceras but with an or-

thochoanitic siphuncle. It grades apparently into Metaspyroceras

Foerste, of which I regard Eospyroceras Shimizu and Obata to be

a synonym. It dififers from Metaspyroceras in that the annuli and

sutures are straight and transverse. However, it is to be feared

that there is no hard and fast line between the two genera, Nev-



140 Bulletin 116 222

ertheless the}- are so different in aspect in their t}pical develop-

ments, that it seems wisest at the present time to permit this dis-

tinction to stand as a r^^'eneric criterion.

Onl}' two species of Anasl^yroc eras are found in. the Cincinna-

tian. A. cumherlandcnsc is a small species from the Leipers of

southern Kentucky, .i. zcilHaiiiso: is from the lower Whitewater

of the Richmond, where it is associated with species of Gorbyo-

ccras which it resembles yevy much externally. It is impossible

to say how man}- of the American Ordovician species of "Spy-

roceras" may eventually fall within the limits of tliis genus. Con-

sequently it is not ]:>ossible to evaluate the j^'cnus or its species very

closely for faunal eviden,ce having any great value in rechecking

present concepts of Paleozoic faunas and seaways.

Anaspyrocoras cumljerlandcnse Flower, n. h,p. Plate 4, figs. 8-11

This is a small anr.ulated slieli, not known to attain a diameter

of more than I2 mm. The holot}pe is subcircular in section and

expands very slowl}', increasing from 7 mm, to 12 mm. in the

adoral 60 mm. The shell beai's numerous narrowly rounded

annuli, appearing subangular in section, separated by hroad con-

cave interspaces. Five occur in a length equal to the diameter of

the shell, from 9 mm. to 11 mm. The annuli are straight and

transverse. Tlie surface of the shell appears to be irregularly

nodose and fails to show more than very obscure traces of long-

itudinal markings. This effect is believed to Ije due to slight algal

incrustation which has covered all of the very few representatives

of this species so far known.

The features of the phragmocone are not well displa}ed in the

ephebic part of tlie shell. The sutures are straight and transverse.

The adoral camerse, clearly gerontic, are very closely spaced, six

occurring in the adoral 7 mm. of the phragmocone where the shell

diameter is 11 mm. Here the siphuncle is located about 7 mm.
from one side and 3 mm. from the otlier, is slightly less than i

mm. at the septal foram.en, and has orthochoanitic septal necks.

The connecting rings have not been observed.

Discussion.—The known features of the conch of this species

do not permit a very close comparison with Middle Ordovician
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cephalopods of superficially similar size and similar spacing of the

annuli. This is because such species have been described largely

from specimens showing the extc*rnal features of the shell more

clearly and very little is known about tlieir siphuncles. No
species of the Upper Ordovician thus far known, or of the Red

River fauna, the Richmond age of which is still not demonstrated,

are similar in proportions or aspect. The condition of the annuli

is perhaps most nearly duplicated in "Spyroceras" paqncttense

Foerste of the Paquette Rapids of the Ottawa River beds which

have long been regarded as Black River in age, but which Kay
has placed in the Ro,ckland member of the Trenton. "Spyroceras"

anellus (Conrad) from the Black River of Wisconsin also shows

similar closely spaced annuli. In both of these species the septa

are much more widely spaced.

One fragment of A. cmnherlandense, although badly overgrown

by alga2 and Bryozoa, shows traces of rather coarse longitudinal

ridges, somxwhat similar to those of Anaspyroceras zinlliamsce

Flower of the Richmond. That species has the annuli much more

widely spaced and the species are not all similar in general

proportions.

Types.—Holotype and two paratypes, Univ. of Cincinnati, Nos.

24204-24206.

Occurrence.—From the Trtradin.nt reef in the Leipers forma-

tion at Rowena, Kentucky, on the Cumberland River. The three

types are from outcrops just downstream from the Rowena ferry.

Anaspyroceras williamsa; Flower, n. sp.

Plate 1, fig. 10; Plate 2, fig. 8; Plate 3, figs. 2-3

Shell straight, slender, probably originally circular in section.

The early stages expand fairly rapidly, a slightly flattened para-

type increasing from 20 mm. to 23 mm. in a length of 35 mm.,

measurements being taken at the interspaces of the annuli. The

mature part of the shell is tubular, the holotype increasing from

22 mm. and 26 mm. in its length of 63 mm.
Sutures straight and transverse, located at the interspaces be-

tween annuli. Camerse occur four in length equal to the adoral

diameter of the shell. The siphuncle is central or nearly so, per-
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fectly tubular, with very short septal necks. No deposits are

known in either camerae or siphuncle.

The annuli are well elevated, narrowly rounded, and separated

by deeply concave interspaces. The diameter of the shell increas-

es from 26 mm. to 29 mm. from an interspace to die crest of the

annulation. Between four and four and a half interspaces occup\

a length equal to the diameter of the shell adapically. Adorally

three to three and a half interspaces occupy a similar length. The
surface is marked by equal strong longitudinal lirse separated by

broader interspaces. Adapically 12 lirse occupy a width of 10

mm. ; adorally eight occur in the same interval. The interspaces

are marked by prominent narrow transverse lircC which fail to

cross the stronger longitudinal line, and which are separated b}-

interspaces at least twice the width of the line. These lirae occur

about five in a length of 2 mm.
Discussion.—The strong equal longitudinal lirse without weak-

er alternating longitudinal Vine, and finer transverse markings are

found in no other Cincinnatian species. "Spyroceras" clatliraUim

(Hall) (see Foerste, 1928, p. 182, pi. 40, fig. 6A, B) has similar

surface markings, but is known only from much smaller specimens

which have broad and low annuli. "Spyroceras" olorus (Hall)

(see Foerste, 192S, pp. 179-80, pi. 40, fig. 9) of the Trenton lime-

stone, also recognized in the Bighorn formation, is somewhat simi-

lar in ornament, but the transverse markings are much finer, and

the annuli are lower. Nothing is known of the segments of the

siphuncle of either of these species, and it is therefore uncertain

whether they are orthochoanitic or cyrtochoanitic. Therefore the

generic position of these species remains a matter of uncertainty.

None of the Anticosti specimens which have been referred to

Spyroceras appear to be very similar to this species. .S". anficos-

iense Foerste (1928, p. 227, pi. ;^y, figs. 4-5) and S. vaiirealense

Foerste (1928, p. 2yy, pi. -^y, fig. 6) show equal strong longitudi-

nal markings, but whether finer transverse markings are present

is not certain. Both species have lower annuli than S. zvilliatnsce.

Spyroceras heauportense Foerste (19.32, p. 198, pi. 13, fig. lA-B)
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from tlie Trenton near Quebec City, has lower annuli, more dis-

tant longitudinal lirs, and uKjre numerous and more conspicu-

ous transverse lir^e, but may 'belong to the same species group.

Also Spyroccras zvhitcouibi Foerste (1932, p. 109, pi. 13, fig. 2A-

B) from the Salona formation of I'ennsylvania shows similar

markings, but there the annuli are even lower than in S. beau-

portense, the longitudinal lirae more conspicuous and more widely

spaced, but the transverse markings are spaced rather more as in

A. tvilliamscc.

Possibly the most nearly comparable species which has yet

been figured is Spyroccras, sp. (Foerste, 1935, p. 247, pi. 36,

fig. 9) in which the annuli are a little less pronounced and slightly

more closely spaced. Nothing is known of the surface, but the

internal mold approaches that of Anaspyroceras williamsce very

closely in general aspect.

Aside from the holotype and paratype, I have encountered

only two other representatives of the species. One I place here

with some doubt. Although agreeing in general with the surface

features of A. wiUiamsce, this shell, a somewhat flattened individu-

al, has a nearly flat septum. This, however, may be the result of

distortion. The other is a small individual from the middle Liber-

ty beds of Flat Fork Creek, collected too late to be incorporated

in the illustration or description.

Types.—Holotype, Univ. of Cincinnati, No. 24089. Paratype,

Shideler Collection.

Occurrence.—From the lower Whitewater, Flat Fork of

Caesar's Creek, (holotype), also from the same horizon at Little

Four Mile Creek (paratype), and also a specimen referred to this

species with doubt. A single representative of the species was

collected by Miss Carrie B. Williams and the writer in the middle

Liberty beds at Flat Fork Creek, north of Fort Ancient.

Genus GORBYOCERAS Shimizu and Obata, emend. Flower
Genotype.

—

Orthoceras gorhyi Miller, 1894. (See also Foerste, 1928, p.

283, pi. "41, fig. 4a-c.)

Gorbyoceras Shimizu and Obata, 1935, Shanghai Sci. Inst., Jour., Sec. 2,

vol. 2, p. 4; Flower, 1939, Paleontographica Americana, vol. 2, No.
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1(J, p. 109; I'lowei', 1942, l^ull. Amei. Paleout., vol. 2ti, No. 1U9, p. llti.

This genus, as revised upon the basis ot a restudy of the geno-

type which is described and reiUustrated in the present work, is

here employed for annuiated shells with longitudinal markings

of the external aspect of Spyroceras which vary widely in details

of the annulations and the surface features, but agree in having

a subcentral siphuncle composed of cyrtochoanitic segments.

These may vary among various species from faintly expanded seg-

ments to broadly expanded ones, ihere seems to be no good

point of division between chose species with relatively slender si-

phuncles, such as G. curvatum, or G. sp. aff. calvini, and those

with broader segments as are exhibited by G. gorbyi and G. crossi.

I consider this genus one which existed throughout the Ordo-

vician, being represented in tlie Chazyan by several closely related

species formerly included in Spyroceras clintoni (Miller). There

are probably man} Middle and Upper Ordovician species yet

to be placed in this genus when they are known internally as

well as externally. Spyroceras inicrolineatum Foerste (1928)

of the Richmond of Anticosti clearly belongs here as shown by

its known internal structure. Spyroceras porteri of the Ordovi-

cian of Baffin Land is placed here, and the generic name Fortero-

ceras which Shimizu and Obata based on this species is one for

which I can discover no good use. Likewise the genus includes 6".

hammelli Foerste, the genotype of HammcUoceras Shimizu and

Obata. As previously noted (Flower, 1942) and as is brought out

in the specific descriptions below, this species is quite closely re-

lated to G. gorbyi with which it is associated.

The outline of the siphuncle is quite plastic in Gorhyoceras, as

shown by the species from which it is best known, Gorhyoceras

clintoni of the Chazyan and G. hammelli of the Richmond. The

siphuncle in G. hammelli clearly becomes more expanded adoral-

ly than adapically. The gerontic portion of the phragmocone

is not known in section for this species. In G. clintoni the seg-

ments assume a broadly nummuloidal outline early in life, but

are more slender in the very first stages found. Later seg-

ments of the siphuncle of this and associated and apparently close-
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ly related species show some variation, but in g'eneral tlie out-

line of the segments becomes simpiihed gerontically approaching

an orthochoanitic coiulition as in man} Sactoceratidce.

The camene contain mural tleposits. Tlie siphuncle is known
tc bear small annuli at the septal foramina, but these are great-

h- delayed in their development, appearing only well apicad of

tiie hrst traces of .cameral deposits. No specimens are known
in which the annuli develop very far. As a consequence the

genetic relationship of this genus is doubtful, in some respects,

notably the late stages of the sipliuncle, it resembles Treptoccras

and shows actinoceroid characters. lioViC-xer, the siphuncle is

slender in the extreme adapical portion which is not an actinocer-

oid feature, and the annuli have not been known to develop so as

to fill the cavit} of the siphuncle except for the radial canal system

as in true actinoceroids. These two features indicate that Gorbyo-

ceras is not an actinoceroid, Init leave no dehnite solution as to

where it should be placed in tlte present scheme of cephalopod

classification. In this it is riot without company.

Gorbyoceras gorhyi (Miller) Plate 2, figs. 1, 9-10; Plate 4, figs. 3, 6-7

Orihoceras gorhyi Miller, 1894, Indiana Dep. Geol. Nat, Ees., 18tli Ann.
Eep., p. 322, pi. 10, fig. 2. (Adv. sheets, 1892) ; Cumings, 1908, In-

diana Dep. Geol. Nat. Kes., 32nd Ann. Kep., p. 1037, pi. 62, fig. 6.

Spyroceras gorbyl Foerste, 1928, Uenison Univ. Bull., Sci. Lab., Jour.,

vol. 23, p. 283, pi. 61, fig. 4.

Gorbyoceras yorbyi iShiinizu and Oltata, 19;i5, Bhanghai Sci. Inst., Jour.,

sec, 2, vol, 2, p. 4-5.

Conch orthoceraconic, originally circular in section, expand-

ing very slowly over the mature part of the shell, from a diam-

eter of 20 mm. onward, but more rapidly in the early portion.

The smallest specimen observed expands from 8 mm. and lo mm.

to II mm. and 13 mm. in a length of 30 mm., while later portions

show an increase of i mm. in the length of 60 mm.
The sutures are straight and transvei'se at a diameter of 8

mm. Init soon become oblique, sloping orad on the supposed

ventral (antisiphonal) side of the conch, in a direction oppo-

site to that taken by the oblique annuli. The cameras are uni-
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formly shallow, but become more closely spaced adorally in re-

lation to the diameter of the shell. Six and a half occur in a

length equal to a diameter of 24 mm. Farther orad this increases

to nine in a length equal to the adoral diameter. There is some

variation, however, as one specimen shows nine in a length equal

to a diameter of 28 mm., while another shows twelve in a length

equal to the same diameter. Camerse have been observed in

portions of the shell up to a diameter of 34 mm. and fail to show

the adoral contraction which is usual in full-grown individuals

of orthoceracones.

The septum is very flat and oblique. Normal to the suture,

the depth of the septum is about two-thirds the depth of the cam-

era, and 2 mm. at a diameter of 24 mm. The plane of the su-

ture is inclined about 30 degrees from the normal transverse .con-

dition.

The siphuncle is not often seen in this species, owing to poor

preservation. It is located slightly eccentrically, closest to the

side upon which the sutures slope apicad and the annuli slope

orad, which in one of our specimens (PI. 2, figs. 9-10) is slight-

ly convex. Where the shell height is 32 mm., the center of the

siphuncle is 9 mm. from the ,convex side, and 13 mm. from the

concave side. This specimen when sectioned revealed the out-

line of the segments, though only faintly. The segments are es-

sentially similar in form to those of G. crossi, in which the si-

phuncle is better known. A segment 4 mm. long expands from

3 mm. at the septal foramen to 4 mm. in the camera. The necks

are short, cyrtochoanitic, and the form of the segment is like

that of the ephebic portion of a Treptoceras, dorsum and venter

convex, the segment slightly more slender than in typical Ormo-

ceras. No organic deposits have been observed in the siphuncle

of this species, hut mural deposits have been obsei'ved in the

camerse. However, the absence of deposits has not been demon-

strated, as no specimens have been available for sectioning which

were located far enough apicad of the livin,g chamber that si-

phonal deposits may reasonably be expected. On the contrary,
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the closel\- allied G. crossi suggests that G. gorbyi may also have

annulosiphonate deposits.

The annuli are low, rounded, and strongly ohlique from the

earliest stage of the shell ohserved. They are spaced normally

with four (occasi(jnally four and a half) interspaces in a lengtli

equal to die diameter of the shell. Up to a diameter of 25 mm.

the annuli can be traced across the supposed ventral side where

they slope strongly apicad. At a diameter of 30 mm., however,

the ventral part of the annulation is lost, and the ribs cannot be

traced across the venter. The annuli are so oblique that a line

normal to the axis of the shell will touch three adapically, and

adorall}' where the obliquity is slightly greater will easily cross

three. The septa, being oblique in a direction opposite to that

taken by the annuli, will easily cross three annuli adapicall}-.

Adorally they should cross four annuli, except that the annuli

are not visible on the ventral surface.

The surface markings of the species are variable and irregu-

lar. The strong longitudinal lircC occur about eight in a width

of 10 mm. ; secondary lirse, weaker, are interspaced. Tertiary

longitudinal markings occur, but are irregular in spacing, num-

ber, and erratic in distribution. Transverse markings are always

joresent but irregular in spacing and strength. They are usually

best seen at the crests of the annuli.

The living chamber is loi\g and slender in proportion to the

diameter of the shell. A living chamber, 105 mm. long, increases

from 26 mm. to 28 mm. in greater diameter, but is very slightly

flattened. Even this living chamber may not be complete ador-

ally.

When complete this very slender species must have attained

a length of at least 30 inches and probably attained a diameter of

40 mm., as the phragmocone is known to continue up to a diam-

eter of 34 mm.
Discussion.—This species is well developed in the Saluda and

upper Whitewater in Indiana and in the vicinity of Oxford, Ohio,

but is not known farther east in the Clarkesville region, or farther

east and south from there. The strongly oblique annuli serve as

the most diagnostic character, together with the suppression of

annuli on the ventral side of the mature shell. No other species
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have the aniiuli quite as strongly obhque. Jrlowever, it often hap-

pens that shells are so preserved that the ventral side is missing.

Such specimens hornetimes fail to show the obliquity of the annuli

and may be contused with G. crossi on the basis of this feature

alone. Li. crossi can be readil} distinguished un the basis of sep-

tate specimens, as the camera; are much deeper. Aseptate speci-

mens ma)- be distinguislietl only if tliC}' retain the surface mark-

ings clearly, for C. gurbyi has transverse markings which G. crussi

lacks, while Li. crossi has more numerous and more regularly

spaced tertiary longitudinal markings. I'lie species is larger than

G. hanimclli and has more oblique annuli which persist to a

much later stage of growth. (.3n G. hunuiielli, the annuli become

ver} faint at a diameter of 30 mm. The species is not readily con-

fused v.ith other associated forms'.

Species frtjm other regions fail to resemble G. gorbyi closely in

the strongly oblique annuli which become obsolescent on the

venter in later stages of growth. "Spyroccras" gcronticttin Foerste

and Savage (1927, p. 38, pis. 5-6) has oblique annuli but straight

sutures. The adapical portion of the annuli remain strong

throughout, and the shell contractstoward tlie apejture. The form

of the siphuncle segments and consequently the generic position

are uncertain for this species from the Shamattawa limestone of

Hudson Bay. Similar in aspect are "Mctaspyroceras" gaspense

Foerste (1936, p. ^77^ pl- 5^, hg. f)) of the Whitehead formation

of Gaspe and Mctaspyroceras clavatum Miller and Carrier (1942,

p. 536, pl. 75, fig. 5) of the Bighorn formation. In having annuli

which slope forward on one side of the shell and sutures which

slope forward on the opposite side, all species included in Mcta-

spyroceras in the sense in which it was used b}' Foerste, are com-

parable on the basis of gross features. Typical Mctaspyroceras is

orthochoanitic. It is not known, however, whether some of the

other species including the two noted above, are orthochoanitic

or cyrtochoanitic.

Types.—Holotype, U. S. National Museum, No. 64337. Hypo-

types, Univ. of Cincinnati, No. 24207, Shideler Collection, 3 speci-

mens.

Occurrence.—From the cephalopod zone of the basal White-
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water beds, Little iour Mile Creek, near Uxlurci, Ohio. ine

species IS best tleveloped in tiie Saluda, where it has been iouin-1 at

various lucahties largel\ in iinliana. i he holot)pe is irom i' rank-

Ini Count}, Indiana. Uuier specimens are irom JJatesvilie, In-

diana, Laurel, Indiana, and ivicDili's Aiills, Oxford quadrangle,

Ohio. The species is not developed m the upper becis ol tiie

Saluda in southern Indiana, but appears lu be conhned very large-

ly perhaps completely to the lower beds near or at the level of the

i etradhmi reef.

Gorbyoceras crossi Flower, n. sp.

Plate i, lig. 7; Fiate 2, iig-a. 4, 'i; Plate 3, fig's. o-o; Plate 4, fig. 4

Shell straigiit, circular in section, witli low shghtl} oblique

aiinuli, very siniiar to G. gorbyi in aspect. The rate of expansion

is gradual, the t}'pe increasing from 21 mm. and 23 mm. to 22 mm.
and 24 mm. in a length of 60 mm. Tlie sutures are slightly ob-

lique, uncurved, and slope orad on tlie siphonal side of the shell.

The camerae are deeper tlian in G. gorbyi, occurring hve in a

length equal to the diameter of the shell and liave been observed

in portions of the shell ranging from 18 mm. to 27 mm. in diame-

ter. The septum is oblique and relatively Hat, being 2 mm. in

depth at a diameter of 18 mm,, and 2.5 mm. at a (iiameter of 20

mm. The siphuncle, well exposed in tlie holotype and a paratype,

is eccentric, its center 6 mm. from one side of the shell and 1 1 mm.

from the other at the apical end of the holotype. Here a segment

4 mm. in length increases in diameter from 2 mm. to 3.5 mm.

The segments are similar to those of epb.ebic Trcptoceras in form.

Near the adapical end of the holotype faint traces of annulosi-

phonate deposits can Ije seen, suggesting that Gorbyoccras in hav-

ing such deposits may he traced back to the Chazyan "Spyro-

ceras" clintoui (Miller). Mural cameral deposits are developed

which extend farther orad in the camerje than do the siphonal de-

posits.

The annuli are low, rounded, perhaps slightly less elevated than

those of G. gorbyi, and differ from those of that species mainly

in being much less oblique. They slope apicad over the antisi-

phonal side of the conch, but are nearly transverse on the anti-

siphonal side particularly in the younger stages of the shell.
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Adorally the anniili appear to become more uniformily oblique,

and fragments ot the later stages of growth are easil}' confused

with G. (jorbyi if aseptate, particularly when the ventral side of the

shell is missing. The annuli here lack the tendency to disappear

on the venter, evident in the later stages of G. gorbyi, and fail to

weaken adorally as rapidly as in G. hammelU.

The fine surface markings of the species consist of three series

of longitudinal markings. The strongest longitudinal lirse, spaced

about 2 mm. apart, have between them a weaker series, and in

addition fine longitudinal lines which var\' in number. From one

to three may occur in an interspace between a primary and a

secondiary longitudinal ridge. Transverse markings are vestigial,

and when tlie\' can be seen are very fine and closel}' spaced, yet

occasionall}- one will be thickened and made prominent, though

this event seems to occur only occasionally and irregularly.

One large fragment assigned to this species is an aseptate shell

190 mm. in length, increasing from 34 mm. to 38 mm. Near the

adoral end the shell is contracted over a region about 18 mm. in

length. The annuli of this form are slightly more closely spaced,

approaching a condition where five and even five and a quarter

interspaces occur in a length equal to the diameter of the shell.

However, the annuli are less oblique than in G. gorbyi, and the

surface markings lack the transverse elements of that species.

Discussion.—G. crossi may l)e confused with G. gorbyi, and

with only poorly preserved material, the two are sometimes diffi-

cult to distinguish. However, G. gorbyi has the annuli more

strongly inclined, and when the surface markings are preserved

it ,can 'be distino-uished by the development of transverse raised

lines, while G. crossi fails to show prominent transverse markings,

and has more secondary longitudinal markings than G. gorbyi.

Among shells from other regions of somewhat similar aspect

are "Spyroceras" parksi Foerste (1924, p. 223, pi. 29, fig. 2; pi.

30, fig. 4) which has more numerous and more closely spaced

secondary longitudinal markings and the siphuncle is described

as suhcentral. Judging from the known specimens, this species

does not attain a size comparable with G. crossi. It is neverthe-



233 CixciNNATiAN Cephalopods : Flower 151

less the only foi|ii v»-hich appears to be very closel\- similar to the

Cincinnati species. "S". parksi is older than G. crossi, being

from the Clay Cliffs (Meaford) which is regarded as the ec|iiiv-

alent of the W'aynesville. No specimens of G. crossi are known

below the base of the Saluda coral bed, and many are from the

lipper Saluda of Indiana which is i)roi)erl\- the equivalent of the

upper \\diitewater. "Spyi occras" chambliense Foerste (1924, p.

222, pi. 39, tig. 3; pi. -}o. hg. i\ from the Lorraine of Ontario is

readily distinguished Ir. the fewer and more prominent secondar}-

longitudinal markings. No known Anticosti forms are strictly

comparable to this species.

Types.—Holotype, Cniv. of Cincinnati, No. 24083. Tv/o para-

types. \\''. H. Shidcler Collection.

Occurrence.—The liolot^pe is from the Saluda of Versailles,

Indiana. Other specimei>6, also from the Saluda of Indiana, are

from the Hitz layer of Mad.ison, Indiana, and Canaan, Indiana.

Gorbyoceras hammelli (Foerste)

Plate 1. fi!j.T.. L". ;'., U; Plnte L*. fiir. .j : Pl;>tf W, figs. 1, ! ; VVr-U 4, figs. 1. 2,

•";Pl'-tp 5, /ij-. 4, 9

Orthoccras (Davsaoyioceras) hammcHi Foo'sto, 1910, Dcnison Univ. Bull.,

Sci. Lab., Jour., vol. 16, p. 74, pi. 1, lig. 1. (Ex','1. of plnles r^'nd

Ba w.'ionoccras lie m melli.
)

DaKsonoccias hammdU Bassl->r, 1915. U. S. Nat. Mus.. Bull. 02. vol. 1,

p. 388.

Sp\ir(>cerO:'< liarn nielli, Focrsre 1924, Geol. Suiv. Canaihi, Mem. l.^.S, p.

222, ])1. :J9, %. 1 ;
pi. 40, fig. 3.

HammcUoceras lunnvicJIi Shiniizu and 01jat;i, 1935, Shanghai Sci. Inst.,

Jour., sec. 2, vol. 2, p. 6.

Conch orthocera,conic, circular in section, slender, marked by

b^'oad rounded annuli v^'hich are developed in tlie earliest stage

observed, at a 'hanieter of 2.2 mm., and v;hich tend to become

low^er and more obscure over the adoral part of the shell. The

rate of expansion as measured on a considerable series of speci-

mens appears s"mcwhat \ariable. A slightly flattened shell, tlie

most complete indivichnd retaining early stages, increases from 4

mm. and 5 mm. to 6 mm. and 8 mm. in a length of 40 mm. An-

otlier increases from 3 mm. to i.^ mm. in 80 mm., and to 15 mm.
iti the succeeding 33 mm. The later stashes are more imiformly

^len.fler. one hypot\"pe incveasing from t8 mm. to 21 nun. in 40

mm., and another, from 20 mm. to 24 mm. in 60 mm.



152 Bulletin 116 234

The annuli are only slightly oblique, sloping apicad on the anti-

siphonal side of the shell. "l"he sutures are slightly oblique in the

opposite direction, so th?it a suture will touch tv/o annuli. The

cameras are spaced at intervals corresponding to tlie annuli in

the earl}' stages, but gradiiall}- become slight!}' ri"iore cl<')sely

spaced farther orad. Three annuli and camera occur in a lenr^h

equal to an ad.oral diameter of 4 mm. Tlie annuli occu.r three and

a half to four in a similar dianreter at 6 nirn., rauging between

three and a half to four up to 16 rnm., ihvv. becoming more closely

spaced so that up to a shell diameter of 24 mm., the latest stage

of the shell observed four and a half to hve rnnuli occu:" in a

length equal to an adoral shell diametc-'. "i'l-.e cr'mer.x are sr^aced

about equally with the annuli adapically, though they are obscure

there in most specimens. Tlie septa seeni to occur generally at the

interspaces, v/hicli appears to i)c tlie generr'.li/.cvl ronditi'^'n in an-

nulated orthoceracones. Adorall}' the septa :\rc. more closely

spaced than the annuli, four cameivc occurring in a len^.:th equal

t(j a diameter of 9 mm., wliere three ?iid a judf aniuili r-cup}' the

same length, and five o.ccu.r in. a simikir len.'^th. at 16 xum. where

there are fou'.' and a quarter nn.nrdi.

The septum is ver}' shallovr, i mm. in depth at a diameter of

12 mm,, and slightl}' Ic^s tlu'u 2 jum. at 18 ;;Mn. Tlie '-ipliuncle

is eccentric but has not l^ecn observed in a stage v;hcrc the diame-

ter is less than 5 mni. It becomes more eccentric .'idorally, so

that in an early stage it;" center is .1 mm. f'"om one side and 8 mm.,,

from the other, but where it is 6 mm. from one side it is 11 mm.

from the other. The segments of th,e siphuncle are c)rtochonnitic.

At a diameter of 5 mm. in transverse section the}- nrc elnn.gate

oval, resembling in form very closel}- the segments in tire Pennsyl-

vanian PseudortJioccras. Adoralbr, in vertical section, tlie siphun-

cle becomes biconvex, the si'le closest to the wall of the shell has a

sf'ongly recurved neck, but the connecting ring has not lieen ob-

served. The opposite side is broadly expanded, with a recurved

neck and uniformd}- convex connecting ring, more er.Y^^^iAcd than

in a similar stage of Gorhyoccras dvricaiicc and closer to the con-

dition of G. crossi.
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The surface markings vary with the growth stage. In the early

stages only a single series of longitudinal line are present. Farther

orad seconchir}- weaker line alternate \vith the original priniary

ones. A_ tertiary weaker series is then developed, which is rather

irregular in spacing, there being sometimes two lira' in an inter-

space, normally one. and occasionall}- none. In addition, ver}-

line faint longitudinal markings form a fainter background ap-

pearing in the interspaces between the stronger ones. These have

not been observed except in the best preserved surf;iccs. Ts^ans-

vcrse markings appear at a diameter of a])out lo mm. These are

strongest and most conspicuous near the crests of the annuli, and

may be faint or altogether absent in tlie interspaces. They may
become ir/egular adorally. The j^rimar}' lirse are 2 mm. ap^rt

c'it a diameter of 14 mm , but .'K'orally may be 3 mm. or even 4 mm.
apart, the spacing varying erratically around the circumference

of a single individual.

The li\ing chamljcr was probably long and slender in this spe-

cies. I have seen no examples in which it can be said to be com-

plete.

Di.srifssiuii.—This species is marked bv the adoral decrease

in the strength of the annuli and is particularl}' characteristic of

ti'.e upper W'hitev/ater horizon and its southern extension at Mad-

ison, the Ilitz kner. Tlie lov/ rounded annuli clistinj^uislied th.e

species from Aiiaspyroccras ivilliamscc, Gorbyoceras diincanco,

and C siniUc. They are much less oblique than in G. gorhyi.

G. crnssi is the most siniilar si)ecies. However, in that species

the annuli i-cmain strc'r,;^- t(.^ a later stage of growth, tertiary- long-

itudirf^l markings are murh stronger and more numerous, th.e

species attains a consideralih-' larger size, and the siphuncle is niit

as eccentric in i)orti"ns of the sliells of ecuial diameters.

The ornament of this form ^cnietimes approaclies close!)' to that

of G. diijicaiicr, but the anmiji are lower and more rounded, and

the lirjc are not strengtliened as the\' cross the annuli. G. sp. afif.

cclvini mav be separated on the same basis anrl also hv tlie pres-

ence of grooves dividing the lira:-. Except for t!u"s feature, however,

the two mav sometimes be i-a4her diTicult to distinguish, as in
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early stages comparable in diameter to the known portion of G.

sp. aff. clermontense the annuli are still rather strong. However,

in this stage other differences appear which in well-preserved

specimens should serve to separate the two rea'lily, in paiticular

the depth of the canieric which are relatively very shallow in G.

haniiiicUi, and the siphuncle which is more eccentric and also

more expanded in G. haiiiiiieHi.

"Spyroccras" joitiu (Billings) of the I'-llis Bay formation at

Anticosti is superficially rather sip.iilar to G. hainnicUi, so much

so that it is suspected tiiat the two are ver\- closely related. How-

ever, in that species the annuli are broader, though low and

rounded, and persist to a later growth stage. The annuli are more

widely spaced. Surface markings of the two species are quite

similar.

Foerste described this species from tlie upper Richmond of

Indiana. His type specimen is figured in an inverted position,

tb.at is, with the adapical end uppermost on the plate, thus giving

tlie impression of a shell which contracts tovv'arcl the aperture.

That this is not the case is perfectly clear, however, from his

description. He subsequently recognized this species from the

T'leaford formation of Ontario, which is currently correlated with

the Waynesville, and is tlierefore, slightly earlier than the occur-

rence of the species in Ohio or Indiana. I have had none of the

Ontario material for comparison ; however, from Foerste's de-

scription and figures there are slight differences, which, if con-

stant, may eventually serve to set the Ontario form apart as a

separate species or variet}-. The annuli are slightly lower than

in corresponding stages of typical G. hanuueUl, and longituflinal

markings of the tertiary series are slightly more numerous and

more conspicuous. Foerste described the siphuncle as nearly

central in location, but did not give exact measurements. The

writer would not apply such a description to the siphuncle of typi-

cal G. hammelli, and it is possible that this feature may supply a

more significant difference than that shown by the surface mark-

ings.

G. hammelli v^-'as made the type of this new genus Harnellocer-

as by Shimizu and Obata, which they placed in a new family
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Hammelloceratifls, erected for annulated shells with longitudinal

markings and with a c\rtochoanitic siphuncle. This family was

set apart from the SpyroceratifUe, which they erected for annulat-

ed shells with longitudinal markings and an orthochoanitic siphun-

cle. However, their indiscriminate proposal of new generic names

was obviously not accompanied by any first hand study of the spe-

cies which they used as genotypes. As shown elsewhere by the

writer Spyroceras is not orthochoanitic, but a member of the Dol-

orthoceratinas of the family Pseudorthoceratidee. Tliis cyrtochoan-

itic family, dominatel} composed of orthoceracones, did not make

its ajjpearance until Devonian time and is characterized by highly

modified annulosiphonate deposits. Here it is shown that Gor-

byoceras gorbyi, which they believed to be orthochoanitic, there-

fore placing their new genus Gorbyoceras in the supposedly or-

thochoanitic Spyroceratidffi, is cyrtochoanitic. As such it is the

first generic name proposed for annulated cyrtochoanitic shells

with longitudinal markings and generalized annulosiphonate de-

posits. It has page priority over Hammelloceras and Porter-

oceras, genera proposed for such shells. Gorbyoceras hammelli,

G. crossi, and G. gorbyi are very closely related species, so much
so that I am not certain whether their earlier stages can be sep-

arated with certainty. It is obviously absurd to attempt to place

such closel}' related forms in two distinct genera, therefore Hain-

uielloccras is regarded as a synonym of Gorbyoceras. Porter-

oceras Shimizu and Obata incidentally shares the same fate.

Types.—Location of holotype, unknown. Hypotypes, Univ. of

Cincinnati, Nos. 24164-24166, Shideler Collection, Miami Univer-

sity, two figured specimens and a large suite of supplementary

specimens.

Occurrence.-—This species is best developed in the upper part

of the Saluda of southeastern Indiana. Many of the specimens,

including the holotype, are from the upper Saluda in the vicinity

of Madison, Indiana. There the Hitz layer has yielded a consid-

erable number of small shells referable to this species. The spe-

cies may be traced northward to Canaan, Indiana, where it is

fairly abundant and well preserved, and to Versailles where it is

rare. It is not known to appear farther north where the upper

beds of the Saluda grade into the upper Whitewater facies.
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Gorbyoc'-ras diincanae Flower, n. ::p. Tlale 1, fip;s. 1,6; Plate 4, fig. 12

Conch oithoconic, slender, circular in section. The shell ex-

pands slowly. The liolot}pe, tlie most complete specimen known,

is slightl}' fattened, hut increases from a-^ mm. and 1.1.5 mm. to

22 mm. and 18 mm. in tlie 50 mm. of the phragmo,cone, and in

the succecdint;- 90 mm. of the shell, apparently complete, attains an

estimated width, slightly flattened, of 30 mm. ;md a height of 18

mm. Trie shell is marked hy conspicuous transverse annuli. A
suture is found in each interspace. The sutures are straight and

tJansverse. The camercC are spaced three and a half in a length

equal to the adoral diameter of 14 mm., but four in a length equal

to a diameter of 20 mm. The septum is more strongly curved

than in any cither species of the genus. It is Ijctvveen 4 mm. and

5 mm. deep where the diameter of the sliell is 15 mm., and be-

comes sliallower farther orad, being 3 mm. deep at a diameter of

20 mm. The siphuncle is eccentric, its center 5 mm. from one

side of the shell and 9 mm. from the other. The segments are

expanded. In transverse section the segments are rounded but

longer than hi'jh. as in ephebic Trcptoccras when just past tlie

condition of t\pical Onnoccras. In vertical section the siphuncle

is m'uch more strongly expanded on the side closest to the wall

of the shell. On both sides the septal necks are short and ,cyrto-

choanitic, but on the siipposed ventral side th,c connecting ring

is much more expanded.

The annuli arc straight, transverse, and prominent. Four

interspaces occur in a lengtli ecjur"! to the diameter of the shell

throughout, except in the earliest stage noted where, as in the case

of the camera;, three and a half occup}- such an interval. The

annuli are narrowly rounded and separated b}^ broad deep concave

interspaces. The siu'face of tlie shell is marked bv a series of

longitudinal lira:, alternating in strength. The stro;)ge.-;t of tlicT,

of which t:? (iccur in lialf tlie circumferen^x; <A. the liolot\4')e. are

conspicuous because tlie\' are thickened ovc" the annuli. a frr;-

ture which may even be retained on the internal mold iji tlie form

of low vestigial nodes on the annuli. These liras are sp:ice.i from
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2 mm. to 3 mm. apart, the distance varying about the circumfer-

ence of the holotype at a single I'egion. Between the primary lira

are slightly fainter secondary lirai which fail to enlarge as they

cross the annuli. Tertiary lira^ appear, at least one between each

primar}- and secondary set of lira?. The t}pes fail to show any

liner transverse markings, but the surfaces are not clearly enough

preserved that such markings can be said to be delinitely absent.

Discussion.—The thickening of the primary lirje over the an-

nuli is a feature which will set this species apart from all of its

associates. Indeed, few other species show such features. One

is "Spyroceras" pcrroti (Clarke) (see Foerste, 1935, p. 244, pi. 2,7,

fig. 7) of the Elgin member of the Macjuoketa shale, but the an-

nuli of that form are much closer, and secondary as well as pri-

mary ribs are strengthened. Further, both primary and second-

ary ribs are much coarser than in our species. Probably "Spy-

roceras" calvini Foerste (1935, p. 245, pi. 32, fig. 2) is closely

allied. Here only the primarv' ribs are strengthened. Again the

annuli are more closely spaced, and this time are much lower and

less conspicuous than in G. duncance. S. calvini is one of the few

species in which the priniary ribs are known to be divided, so

that they would be concave at their crests in section. G. dtincance

does not show this feature, but one specimen, that is similar to G.

duncance but with deeper camercc and a more slender siphuncle,

described as Gorhyoceras sp. afif. calvini, does.

Types.—Holotype. Univ. of Cincinnati ]\Tuseum, No. 24086.

Paratypes, Univ. of Cincinnati, No. 24087, Shideler Collection,

2 sp.

Occurrence.—Lower Whitewater, Saluda and upper White-

water, western Ohio and Indiana. Holotype—.Saluda ( ?) by

lithology, found loose near top of lower Whitewater at McDill's

Mills, College Corners quadrangle, near Oxford, Ohio. Lower

Whitewater, Little Four Mile Creek, near Oxford, Ohio, (para-

type, Shideler Collection). Liberty or lower Whitewater, from the

upper cuts of the railroad at Weisberg, Tnd. (LT. C, No. 2.4.087).

One additional specimen is from the upper Whitewater from

railroad cuts west of Oxford, Ohio.
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Gorbj-oceras, sp. aff. calvini Plate 1, figs, 4-5

Cf. Spi/roctras calvini Foeiste, 19.j5, Denisoii Univ. Bull., Sci. Lab.,
Jour., vol. ,',5, p. L4Li, pi. oJ, lig. 13.

A single si)eciinen has been founel which resembles "Spyro-

ceras' calvini in the essential features of the ornamentation of the

shell. This specimen, -;o mm. in length, is circular in section, and

expau'ls from ii mm. to 13 mm. in that length. The shell is

strongly annulated, three interspaces occurring in a length equal

to the adoral diameter of the shell. The annuli are narrowly

rounded, prominent, and separated b}' broad concave interspaces.

The aspect of the shell is similar to that of Gorhyoceras dimcanco.

Three series of longitudinal markings are present. The primary

lirse spaced about 1.8 mm. apart, are thickened as they pass over

the annuli. The crest of eacli of these lirse is divided by a shallow

median longitudinal groove, discernible throughout the length of

the specimen, but slightly broader on the ,crests of the annulations

than elsewhere. The secondary lircC are slightly weaker, spaced

between each pair of primary Hrje. They are also marked by me-

dian grooves so thnt tlieir crests are bifid, but these grooves are

narrow, sometimes vestigial in the interspaces, and clear only on

tlie crests of the annuli. The tertiary longitudinal mark-

ings are simple and fine. Transverse lirK separated by broader

interspaces occur about 16 in a length of 5 mm. These cross the

tertiar\' longitudinal lirje, but are interrupted by both the pri-

mary and secondary longitudinal lirse.

The conch has yielded four and a half segments of the siphuncle

upon being sectioned. These are subcentral, straight on one side,

very slightly expanded on the other, not so much as in Gorhyocer-

as curz'atuin, and are empty. Three and a half occur in a length

equal to the diameter of the shell.

Discitssinii.—The specimen here descrilted resembles G. ('mi-

canrc very strongl}-. Th.e (h'fferences in ornanTcnt were at first

assumed to he due to difl.'erent conditions of preservation anrl

weatherinrj^. However, subsequently enough specimens of G.

(iincancc were examined to lead to the belief that the rlifferences

sliown b^ this specimen were real. Further, the annulations and

camerce are slightlv deeper than in G. duiicancc nnd the siphuncle

is more slender than in any known representative of that species.

Fortunately specimens of G. dtmcana: equal in diameter to this
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form have been available for comparison.

Comparison with "Spyroceras" calvini is more difficult inas-

much as that species is based upon a single flattened specimen

which does not show the features of the camercc or siphuncle.

Aside from the considerably larger size, which might mean only

that our form represents an earlier stage of growth, differences

are supplied by the somewhat closer anniili, which are also con-

siderably lower than in the Cincinnati form. The two are prob-

ably not identical, but better material of 1)otii the Maquoketa and

the Whitewater form is needed for a fuller comparison.

Figured specimen.—Univ. of Cincinnati Museum, No. 24090.

OcciLrrcnce.—From the lower Whitewater at McDill's Mills,

on Four Alile Creek, near Oxford, Ohio.

Goill)yoceras curvatum Flower, n. sp. Plate 5, figs. 2, 3

This species is represented in our material by a single specimen,

a portion of a phragmocone 40 mm. in length, somewhat flattened,

increasing from a height of 11 mm. and a width of 9.5 mm. to a

height of 17 mm. and a width of 13 mm. Three and a half camerse

occur in a length ec]ual to tlie greater diameter of the shell. The

sutures are straight and transverse, the septa so spaced that the

sutures fall in interspaces tetween the annuli. Both annuli and

sutures slope faintly orad on the convex side of the very slightly

curved shell. The septum is shallow, equal in curvature to half

the depth of a camera. The siphuncle is planoconvex in vertical

section. At a shell height of 12 mm. the center of a segment is

5 mm. from the convex side of the shell, 7 mm. from the concave

side. A segment is 3 mm. in length, expanding from i mm. in

diameter at the septal foramen to 1.8 mm. within the camerse.

The side closest to the shell wall is faintly expanded, the neck

slightl)' recurved, and the profile of the connecting ring slightly

but uniformly .convex. On the opposite side the siphuncle wall

is straight and the neck is not recurved.

The surface of the t_\'pe is obscured by Rryozoa. However, it

is evident that the annuli were low anrl relatively broad, and that

this species agrees with G. ditncancr in that primary lirse are

thickened as they pass over the annuli. Secondary lirje show evi-
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dence of a slight tliickening there also. Tertiar}- liras were prob-

ably present but are obscured by Dryozoa as are an)' transverse

markings which ma}' liave been present.

Discussion.—This spe.cies resembles G^. duncancc but ditfers

from it in the simpler condition of the siphuncle. Happily the si-

phuncle in G. duncancc is known for a comparable growth stage

in vertical section, and in that species the siphuncle is definitely

broader and more expanded. Further differences are found in

the slightly curved condition of this species, the lower and broad-

er annuli, and the thickening of secondary as well as primary

lirai over the surface of the shell. "Spyroccras" calvini Foerste of

the Maquoketa lacks the curvature of this species, does not have

the secondary lira; strengthened over the annuli, and has the

annuli more closely spaced. "Spyroccras" pcrroti (Clarke) of the

Maquoketa is straight, so far as is known, is more closely annulat-

ed, and has the line much more strongly developed.

Type.-—Flolotype, Univ. of Cincinnati Museum, No. 24088.

Occurrence.—From the Richmond, near Clarkesville, Ohio.

By lithology, in particular the aspect of the preservation of the

septa, this specimen is believed to be derived from the Orthoceras

josteri zone near the top of th Fort Ancient member, the basal

member of the W'^a^nesville. The type is the gift of Miss Carrie

Williams of Clarkesville, Ohio.

Gorbyoceras simile Flowei", n. sp. Plate 1, fig. 8

Only adoral portions of this shell are knowm, ranging in diame-

ter from 27 mm. to 40 mm. The shell is straight, slender, prob-

ably originally circular in section, though most specimens are

slightly flattened. The rate of expansion was apparentl\- slight-

Iv greater adapically than adorally. The holotype with a maxi-

mum length of 120 mm., expands from 38 mm. to 40 mm. in a

length of 90 mm., increasing to 39 mm. in the first 40 nun. The

largest specimen observed is an aseptate fragment increasing from

39 mm. to 43 mm. in 100 mm. and incomplete adorally.

The sutures are spaced equally with the annuli of tlie shell, and

like the annuli. are slightly oblique, sloping apicad on the supposed

ventral side. Five camerse occur in a length equal to the diame-
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ter of the shell. The septum is well curved, 8 mm. in depth at a

sliell diameter of 34 mm. '1 lie siphuncle has not lieen observed.

Evidently it was not marginal and must have been very nearly

central in position, as shown by preserved parts of the septal sur-

face. The form of the segn-;ents of the siphuncle is not known.

The species is assumed to be cyrtochoanitic on the basis ui its

.vtrong similarity with (lorbyoccras microJ'mcatiini lujerste, as

noted in the discussion below.

The annuli are spaced hve in a length equal to the diameter of

the shell, or rather, hve interspaces occur in such an interval. The

annuli are rounded, well elevated, narrow, with broad concave

interspaces. The liolotype preserves traces of hne equal longi-

tudinal markings, but they are too obscure to be measured. Prob-

ably they were spaced about eight in a width of 5 mm. One speci-

men shows in addition irregular transverse rugose markings,

clearly a feature of the interior of the shell and not of the exter-

ior. x\lmost identical markings have been figured by Foerste

(1936, pi. 57, fig. 4) in "Metaspyroceras" gaspensc and have been

noted in other annulated species of spyroceroid aspect.

Discussion.—This species may be recognized by the large size

of the shell, the strong annuli, and the very fine surface markings.

Anaspyroceras williamscc which has somewhat similar strong an-

nuli and deep septa is known to be orthochoanitic, but can be

differentiated best by the condition of the annuli which are per-

fectly transverse, and the coarse longitudinal markings and finer

transverse markings. It is not known to approach this species in

size. Gorbyoceras cluncancr also has strong annuli and deeply

curved septa, but has transverse annuli which do not slope apicad

on the venter, and has prominent longitudinal markings which

alternate in strength. Such markings would be preserved if

they were present on Gorbyoceras simile.

The species is more closely similar to Gorbyoceras microlinea-

tum (Foerste, 1028, p. 2y.], pi. 36, figs. 1-2; pi. 37, fig. i) of the

English Head and Vaureal formations of Anticosti than to any

other described species. Superficially specimens of these two
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species are very similar in aspect, both having the annuli and sut-

ures similarly spaced and slightly oblique. The annuli of the two

species are similar in strength and appearance. However, 6^.

mlcrolincatum can be difiterentiated because four annuli occur in a

length equal to the diameter of the shell, while live occur in a simi-

lar interval on the Cincinnati species. The same applies to the

spacing of the camerae. Quite probably a further difference is

supplied in the spacing of the longitudinal markings. Foerste

records the lirse of G. microlineatum as occurring ii in a width

of I mm. while the markings are very faint on even the best pre-

served of the specimens of (7. siuiUc, they are obviously not that

closely spaced. G. microlineatum was described by Foerste as a

species of Spyroceras. While true Spyroceras is cyrtochoanitic,

the segments are barrel sliaped, expanding more at the ends than

in the middle, and contain deposits similar to those of Dolortho-

ceras. G. microlineatum has a cyrtochoanitic siphuncle, but the

segments are only very superficially similar to those of Spyrocer-

as. The curvature of the siphuncle wall is more uniform and the

necks are shorter and more recurved. Deposits are not known in

the species. However, what is known of the interior indicates

that this species must be placed in Gorhyoceras, as defined in the

present work. The Cincinnatian species is so similar that it is

placed in Gorhyoceras on the basis of its strong resemblance to G.

microlineatum,.

Types.—Holotype and two paratypes, collection of Prof. W. H.

Shideler. A third paratype is in the collection of the University

of Cincinnati Museum, No. 24198.

Occurrence.—The types are all from the cephalopod zone at

the base of the lower Whitewater formation. These specimens

are from the vicinity of Oxford, occm-ring at Little Four Mile

Creek (College Corners quadrangle) and Dodge's Creek. One

flattened specimen is from the same horizon on Flat Fork of Cae-

sar's Creek. One flattened shell placed in this species with doubt

is from the basal Liberty of Dodge's Creek, College Corners

quadrangle, near Oxford, Ohio.
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SUBORTHOCHOANITIC CEPHALOPODS

This term was proposed by the writer (Flower, 1941, p. 524)

as a receptacle for a group of early Paleozoic nautiloids, which

are properly neither orthochoanitic nor cyrtochoanitic, but lie on

the indehnite boundary between these two dichotomous categories.

It contains a small but significant group of genera, believed to

represent a stage in the evolution of the stenosiphoiiate line prior

to the development of cyrtochoanitic siphuncles. Although it is

known largely from its Chazyan and Mohawkian representatives

at the present time, these show deviation in form and structure in-

dicative of a considerable period of pre-Chazyan development of

tlie stock. Further, it is to this stock that the next major division

can be traced, ihe secondary cyrtochoanitic cephalopods. Probably

also it is the point of origin of the little known Stereoplasmocerati-

dae and is certainly the origin of two anomalous groups, the Mixo-

choanites and the family Clinoceratidse.

The writer (Flower, 1941A) in tracing the development of

those cephalopods primitively cliaracterized by a thick-walled si-

phuncle, for vv^hich Teichert's term Eurysiphonata v/as appropri-

ated, implied that stemming from tiie primitive Plectronoceratidas

there v/as another genetic line characterized b}' the retention of

thin fragile connecting rings in which there was none of the re-

markable regional differentiation of la}ers and regions found in

the Eurysiphonata. Very little is known of the development of

the Stenosiphonata in tiie Ozarkian and Canadian.

Orthoceracones hrst appear in the Gasconade horizon.

The siphuncle is invariably close to the margin of tlie shell,

and the cross section is generally compressed rather than circular.

Some of these forms, like Ellesnieroceras have large thick-walled

siphuncles, and evidently had nothing to do with the beginning of

the suborthochoanitic cephalopods. Others, however, have small

siphuncles. While the structure of the siphuncle wall is not ad-

equately known, it is possible that they may belong to the stenosi-

phonate line. Genera as Ecfenoceras and IValcottoceras may

have such a relationship. While the Middle and Upper Canadian

contain more orthoconic types, genera with thin-walled siphuncles
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have not been adequately demonstrated here among the orthocer-

acones, and wliiie depressed or circular sections appear, the si-

phuncle remains usually close to the ventral side. Further, such

of these genera as have been studied adequately, including Proto-

cycloceras, Rudolfoceras {^^Orygoceras Ruedemann), and Bal-

toceras exhibit thick rings suggestive of eur\siphonate instead

of stenosiphonate affinities.

On the other hand, Bassleroceras and possibly the entire Bass-

leroceratids, for Bassleroceras appears to intergrade with some

of the otlier genera placed in this famil}', have thin and undiffer-

entiated connecting rings indicative of the stenosiphonate line.

This suggests that the origin of tlie suborthochoanitic cephalo-

pod's may eventually be found in Canadian cyrtoceracones with

the siphuncle on the convex side. l"he relationship, if any, exist-

ing between such exogastric Canadian genera, and supposedly

endogastric genera which dominated the Wanwanian (=Gasco-

nade) is still highly uncertain.

The recently completed study of the Ozarkian and Canadian

cephalopods (Ulrich. Foerste, Miller, and Furnish, 1942; Ulrich,

Foerste, and Miller, 1943 ; l/lrich, Foerste, Miller, and Unklesbay,

1944) presents so little information concerning the structure of

the siphuncle v.;all of the pre-Chaz.yan cephalopod genera, that it

is impossible to distinguish eurysiphonate and stenosiphonate

forms or even to inquire critically into the value of such a divis-

ion. It is clear, however, that gradation between the groups is

to be expected among just these cephalopods, for the two lines of

descent had not only become well separated but also highly diver-

sified by Chazyan time.

Because of this lack of information it is not possible to deter-

mine which of the Ozarkian and Canadian genera mark the begin-

ning of the suborthochoanitic cephalopods. However, stratigraphic

evidence found in this work coupled with certain general morpho-

logical concepts, indicate that the group probably had its origin in

cyrtoconic shells.

It was previously believed by the writer (Flower, 194 iB) that

the primitive radicle of the suborthochoanitic cephalopods was a
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geneiaiizcLl orthuceracone, circular in section, with a subcentral

siphuncle, such a form as was included in the genus Sactorthuc-

eras. Morphological considerations alone indicate that this may
not be true. The cephalopod is a bilaterally symmetrical organ-

ism. A straight shell, circular in cross section, with a central si-

phuncle is not a primitive condition for such animals, though it

would be for radially symmetrical forms. That it is a successful

type as indicated by its persistence from the Chazyan well into the

Triassic, is beside the point.

B}' Chaz}an time two groups of suborthochoanitic cephalopods

can be differentiated, one an essentially orthoconic type with the

central siphuncle, the other an exogastric cyrtoceracone with a

ventral siphuncle. The orthoconic types have generally been re-

garded as primitive. However, on the basis of stratigraphic evi-

dence it now seems necessary to reverse this concept. Orthocer-

acones with central siphuncles are practically unknown prior to

the Chazyan, the older types having marginal siphuncles. Con-

sequently it seems necessary to admit that these forms which have

long been regarded as the simple generalized types of cephalopods,

and have ,come to be regarded as primitive, are in fact derived

from forms which not only have marginal siphuncles, but are

dominantly cyrtoconic.

The secondarily cyrtochoanitic cephalopods (Flow^er, 1941B)

were previously regarded as springing from Sactorthoceras. In

the light of this new information it appears necessary to revise

this concept recognizing the more ancient condition of the sub-

orthochoanitic cyrtoceracones with marginal siphuncles. In the

diagrammatic representation of the phylogeny (fig. 9) I have

used no family name for these forms because genera known to

have such structure, while they embrace Graciloceras and Eori-

zoceras of the Chazyan, also may include at least the compressed

genera of the Bassleroceratidse, which would include Basslcr-

oceras itself.

From this stock (fig. 9) there must have developed such a

form as Centroonoceras by migration of the siphuncle toward the

center of the shell. Concurrently the cross section becomes more



166 Bulletin 116 248

Hebctoceras. efc.
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WKltfleldoceras
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Clinoceras

Montucceras
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s_.„

SactorthoterasS^ I

3 2 Centroonocer

Al luinel'toceratidae

Oncoceratidae

Oiestoceratidae
10

Vslcouroceratidaa
9

Figuip !^i. JMivJoge-.iy of liif suhnrtlicelnKiuitic ce])halopod£. The an-

cestral tyj.i' 1) is n ccmprcsscil oxo^ashic cyrtocoiip with a luavgiual si-

phune'e. Saiiscqiiont lifjviros iiuiicato eliaiij^es in thi:! morphological pat-

tern. 2. Sijihuneio beeonn's central. 3. Ortiioconic form ilcvclopa. 4. Ir-

regular ortlioceraconos. 5. 8iphuncle becomes planoconvex. 6. Natural
truncation of tl'.c sliell. 7. Cyrtochoanitic segments develop. 8. Cross sec-

tion becomes depressed. 9. Actinosphonate strncturc appears. 10. Shells

become fitraiolit to fiiilogastric iuevicones.

rounded. I'erlection of the circular section and development of

the orthoconic form is noted in Sactorthoccras, while doubtless

the erratically bent Si(/i)iortJwceras belongs to the same general

stock. Also from Ccuiroonoccras there developed a shell, prob-

ably slightl}- cyrtr;conic, in which the segments of the siphuncle

are essentially straight dorsally but slightly inflated ventrally.

Such shells as }et unknown, are the ,common ancestor of the

Mixochoanites and the Clinoceratidje. In CUnoceras the only

deviation horn this hypothetical type of si-jell is the development

of a constriction near tlie aperture of the shell, producing a fusi-

form living chamber, llliitfieldoccras is more specialized in that

the segments of the sijilumcle have become biconvex, and the fusi-

form condition of the adoral part of the shell has become more

pronounced.

The primitive ]\Iixochoanites are distinguished from the line

leading to the Clinoceratida; first by the appearance of natural
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truncation of the shell. This produced Montyoceras Flower

(1941B) which had not _\et attained biconvex segments. Biconvex

segments appear only in the gerontic canicr?e of Hcbctuceras. The

remainder of the devel(>[)ment of the Iviixcjchoanites is not repre-

sented in the present ligure, since it has alread\- been treated ad-

equatel_\ b} the writer (Mower, n/;.iB. p. 52^^).

A second line originating in the compressed suborthocoanitic

cyrtoceracones led to the secondarily cyrtochoanitic cephalopods

as previousl}- recogni;ced on the basis of Chazyan forms. The

development of cyrtochoanitic segments in the ephebic part of the

siphuncle must apparently be supplemented by the development of

a breviconic living chamber to produce the oldest of the Oncocer-

atidas, compressed exogastric cyrtoceracones with emptv siphun-

cles.

Whether the depressed AlluniettoceratidcC were differentiated

from secondaril}- c\ rtochoanitic ce])halopods b>' the development

of a depressed section, or whether tlie depressed, section was de-

veloped in suborthochoanitic ancestral types, prior to the appear-

ance of cyrtochoanitic segments, is uncertain. Tentatively the

Allumcttc'ceratidcC are tieated witli the othei- secondaril}- c}rto-

choanitic cyrtoceracones.

The relationship of the remainder of this general stock is quite

well established. The writer (Flower, 1942") has dealt with the

development of the form genera of the Oncoceratida;, a matter

treated more extensively in tlie present work, undes the discus-

sion of that famil}'. In ("hazyan time actinosiphonate structure ap-

peared in descendants of this stock and jjroduced the family Val-

couroceratidre, the development of which is treated in the syste-

matic part of the present pajjcr. The strcmg similarity of the early

stages of Dicstoccras with Valcoiiroccras seems to warrant the h\-

pothesis of the close relationshij) of these two families. The Val-

couroceratidre are more similar to the simj>ler Oncoceratid;ie in the

exogastric form of the shell. The Diestoceratid;e are more spe-

cialized in tb.e straight to endogastric breviconic form of tlie shell,

and have developed aberrant t\ pes of actinosiphonate deposits.
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Family SACTORTHOCERATID^ Flower, n. fam.

This family is proposed for suborthoclioanitic cephalopods with

subcentral siphuncles. The shell is orthoconic or cyrtoconic, but

the siphuncle is located at or close to the center, and expands

slightly within the ciunerse. The segments are not typically plano-

convex in vertical section. The camerse and siphuncle are us-

ually free from any known organic deposits. Kobayashi origi-

nally defined the genus in much broader terms and referred to it

species from the Ordovician of Manchuria. Under his definition,

hcwever, the genus could be recognized in the Silurian and De-

vonian and even Mississippian. However, as noted above, the

distinction made on the basis of the outline of the siphuncle ap-

j>ears to be useful f^r Mohawkian cephalopods, but is clearly in-

adequate in itself v/hen applied to cephalopods from later hori-

zons. This difficiilty is eliminated by restricting the genus to

species which lack organic deposits in the phragmocone.

Kobayashi regarded SactortJwccras as intermediate between

Orfhoceras on one hand and Stercof^lasmoceras and Sactoccras

on the other. He regarded it as representing a stage in the de-

velopment of the actinoceroid from orthochoanitic cephalopods.

The writer has rejected this view since the evidence supplied by

the early stages of Actinoceras cannot be demonstrated to have the

genetic significance which Kobayashi saw in it ; instead several

other conclusions are possible from the extant morphological evi-

dence (Flower, 1940 )j. Further, a connection between the acti-

nnceroids and EUesmeroceras has subsequently been traced

(Flower 1941) leading to the conclusion that Teichert (1933)

was .correct in the main in proposing a connection between the

Actinoceroidea and the Endoceroidea.^ The genus has not been

previously recognized or used by other authors. However, in

8 'EUesmeroceras was formerly considered an endoeeroiil. Kobayashi re-

jjarded the family as holochoanitic and as characterize'! by diaphrpgms.

Flower (1941) redefined the family as characterized by nneuchoanitic si-

phuncles with thick rings and no organic diaphragms, regarding it as the

common ancestor of the Endoceroidea and Actinoceroidea, probably also

the Baltoceratidse and Tarphyceratidas.
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dealing with Chazyan and Hlack River cephalopods, I liave found

that the'"e is a clear distinction between species with tubular and

those with faintl}" expanding and suborthochoanitic siphuncles.

The genus Sdctoythoceras is known in the Cliaz_\ an of the Cham-

plain Valley. The writer would also place in it species from the

Black fviver limestones, as well as others from the OrtJwceras

limestones of Sweden.

S'ujniorthoccras Kobayashi, t\'i)iiied bv' Ortlioceras i-Oijur.i Rue-

demann of the Champlain Valle;v, differs from Sacforfhoccras only

in its development of erratic cvn-vature, frequently producing a

sigmoid shell. Chazyan of \merica, Tonfangian of r^Ianchuria.

Ccnfrconoccras Kobayashi, of the Toufangian of Manchuria

and the Chaz\an of the Cliamplain Valley, is similar to the above

genera in internal strucLi.tre but is a slen-'er ,c;,rtocei"acone.

I have regarded tliesc three genera as closeh/ united. Sin-

vicrthoceras is an erratic form derivation, perhaps not really

worthy of a new generic name. Ccufrooimccras is the point of

contact '''f tliis fnn.iih/ witii twfi other distinct lin.cs. In one

line, leading to the Clitioceratid.-i' and the jMixo(dK)anites, the

siphuncle '"emains sul^central, hut ];crrim_es planoconvex in ver-

tical section. The suture lilcewixo tends to become asymmetrical

in vertical section, A sligh.tly curved shell vv^ith such a phragmo-

ccne woui'l be the common ancestor of CUnoccras and of Moiityo-

ccras. Other specializations appear to characterize these tv.-o

genera. Montycceras retains the simple outline of the shell, but

develops natural ti'uncation, the end of the sipliuncle ]:)eing closed

b}- a lens-shaped plate. Cliuoccras docs not develop natural trun-

cation and is distinguished from tlie : ncestral stock of the Hebe-

toceratidre mainly by the form of the living chamijer, which is con-

stricted ad.orally and then e>;[)andcd at the aperture. However,

the simpler but still h} jif'thetical ancestor of CViiKiccras and

Mcntyoccras would probably be better placed in the Clinoceratidse

than in the ITcbetoceratidar', being excluded fvom the Mixochoa-

rites a''biti':i'"ily hv the revised denniti<)n (Flower, lO-ji) by which

the beginning of the family v/os placed at tlie initiation of natural
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truncation of the shells.^

It should be noted that true ,cyrtochoanitic segments appear in

both the Chnoceratid?e and in the Mixochoanites. In the Mix-

ochoanites they are first seen in IJebctoceras and become pro-

gressively more expanded in higher and younger genera. How-
ever, they are always confined to the adoral part of the shell, and

the early regments, wherever known, remain planoconvex. In

the older and eimpler genera there is gradation between the plano-

convex and the biconvex and more broadly expanded segments.

In more specialized genera the intermediate stages have been lost,

and the change has become a more abrupt one. In CUnoceras

only planoconvex segments are known. In the 3^ounger and more

specialized JVhiffiehloccras the ephebic segments have become

biconvex. Segments of the siphuncle have not been observed in

the early stages of this genus, so it is impossible to say whether

they exhibit a recapitulatory planoconvex or an earlier subortho-

choanitic stage. As the Oncoceratidse show some tachygenetic

reduction of the suborthochoanitic stages, which are certainly

pushed farther back toward the apex of the shell in Trenton than

in Chazyan species, it is possible that a similar process may have
3 ScbindeTvolf (194?) rlerives the " Ascoceracea " from the "Orth-

ocerncea" without defining or delimiting either gronp. At the same time he

rejects the connection between the simpler orthoceraeones and the Mix-

ocho.'Uiitrs trocd by tiie writer (Flower, 1941) throngh the slender Hebet-
ocerptinD" as primitive apfi-ocernid?; because they "seem to be closer to the

typical representatives of the Orthoceracea ". Apparently he means by this

that the Hebetoceratinse look too much like orthoceracones to be Mix-
ochoanites, or " Ascoceraci-a ". This seems a peculiar objection. If, the

Mixochoanites were derived from orthoceracones as Schindewolf believes, I

am sure that I do not know what else ho expects primitive members of the

group to resemble. He rejects, without explaining why, natural truncation

reported by Barrande in Orihoccras iruncnfuw. Whether Schindewolf is

correct in this or not, it does not follow that natural truncation in the

Hebeioeerotida; is to be accepted or rejected by this criterion. He seems
to have overlooked the lens-shaped plate closing the apex of the siphuncle

in the HebetoceratinJB. the vertical asymmetry of the sutures and the

progression of the si)ihuncle. His reasoning fi<:'ems involved aird a little

confured. Pospibly it in actuated by tlie fact that the development of the

Mixochoanites presents a remarkably Iticid example of the biogenetic law,

beginning with a simple tachygenetic series, later complicated by the

omission of growth stages. The stratigraphic support of the sequence is

such that it cannot possibly be inverted to form a proterogenetie series.

Schindewolf has previously written a book purporting to show that the

biogenetic law is completely false.
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been at work in U'hiificldoccras, but whether it has pro,5ressed

to completion is unknown.

The hne from which Ccutrconoccras itself develops is one to

'which I hesitate to apply a fainily name at this time but is cer-

tainly n(jt identical with any previously described family group.

These shells are characterized by a compressed section, a cyrto-

conic form, simple though prr^bably variable sutures, a siphuncle

which is subortliochoanitic as in the Sactorthoceratidae, but which

lies close to the ventral wall of the shell. In this family are placed

the Ordovician genera, Graciloccras, known from the Chazyan

and Richmond, and Eorizoccras, known thus far onl}^ from the

Chaz}an genotype. I tentatively include the Canadian genus

Bassleroccras and regard it as highly probable that many more

pre-Chazyan cyrtoceracones of this stock await recognition. This

rtock is characterized by the type of phragmocone throughout life

found in the youngest stages of many .c} rtochoanitic genera of

the Chazyan. The known genera are compressed shells. As such,

barring minor specializations of form, ornament, and suture, they

duplicate the features found in the early stages of Chazyan

Oncoceratidoe and Valcouroceratida;. As these families are differ-

entiated only by the absence of siphonal deposits in the Oncocera-

tidse and the development of first a siphonal lining from the con-

necting ring and then true actinosiphonate deposits in the Val-

couro,ceratidr^, it is liighly likely that the Valcouroceratidae de-

veloped from the Oncoceratid^e after the cyrtochoanitic pattern

was established. Two other radicles are traceable to these same

subortlioch.oanitic cyrtoceracones, though with less certainty.

One consists of the AllumettoceratidK, wdiich, like the Oncocera-

tidse, is suborthochoanitic in the early growth stages. Yet this

family, although fundamentally exogastric, with the siphuncle on

the convex side, differs from the Oncoceratidaj in its depressed

section, a feature retained in the earliest known growth stage. It

seems probable, although the conclusion is not absolutely nec-

essary, that the Allumettoceratidee arose from another part of the

suborthochoanitic cyrtoceracones. Even here we meet a problem

;

for as yet no suborthochoanitic cyrtoceracone is known to com-
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bine a marginal thin-walled siphuncle with a slightly depressed

section.

The family Diestoceratidae is regarded as belonging to the same
general stock, but evidence of its early ontogenetic stages is lack-

ing, althougli it is clear that even in Cincinnatian species the

segments of tlie siphuncle are quite slender in the early stages,

£:nd this condition may be retained by small species though lost

by larger ones, and there appears to be a correlation here betv/een

size of the individual and the degree of specialization attained in

the siphuncle just as was found in the Chazyan ValcGuroccras.

The similarity between immature Dicstoceras and Valcouroceras

suggests a close relationship between the genera.

On the basis of the present known distribution, it is clear that

the suborthochoanitic cephalopods were a hi;,dil}- diversified group

in the Chazyan. The Toufangian of Manchuria I regard as

embracing at least the upper Chazyan equivalent, as is shown by

the development in both regions of Sactorthoceras, Sigmortho-

ccras, the Stereoplasmoceratidre, and several other groups.

A few of these genera continue into the Black River in

North America, though I have not yet had opportunity to pre-

pare adequate figures of these forms, some of which have been in

manuscript for six years. Graciloccras alone is known to extend

into the Richmond, though, as noted, the modifications of the

Sactorthoceratidrc in Trenton and younger strata are uncertain,

but are a possibility that must be investigated before the compli-

cated history of the straight orthoceracones can be unraveled.

From the diversity of this group in the Chaz}aTi and its decline

in later divisions of the Ordovician, the existence nn--! in fact the

abundance of the group in tlie Canadian, can be inferred.

Figure 9 illustrates the phyletic relations proposed here. Tt

deals with the two major groups of cephalopods stemming from

a primitive cyrtocone. The cyrtochoanitic siphuncle is

attained independently at least three times, once in the iMix-

ochoanites, once in the transition from Clinoccras to ]\lrifficU<c-

ceras in the Clinoceratidas, and at least once, and probably twice,

in the development of these families grouped in the following di-
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vision, the secondarily cyrtochoanitic cephalopods.

FAMILY UNDEISIGNATED

Suborthochoaiiitic exogastric ':yrtocones with marginal si-

phuncie ; typical forms are smooth, externally, and compressed in

section. As noted above no name is proposed for this family be-

cause it is not yet certain tliat emendation of the limits of some

family already proposed may not prove necessary.

Genus GRACILOCERAS Flower

Genotype.

—

Graciloccras loiufidomiun Flower.

Graciloceras Flower, 194o, Bull. Aiiut. Paleoiit., vol. 28, No. 109, p. 72.

Conch cyrtoconic, gently curved, slender. The greater part of

the length of the shell consists of a living .chamber, which is at

least twice the length of the phragmocone. The sutures are

straight and transverse or sloping faintly orad from dorsum to

venter. The septa are usually quite closely spaced. The siphuncle

is minute, suborthochoanitic, and located close to the venter. The

surface features are not known.

Discussion.—This is an extremely generalized form pattern,

hut cephalopods which fit it are exceedingly few. Aside from the

Chazyan genotype, and a few fragments in association with it that

might represent another species, the Richmond species described

below is the only species known. Doubtless others await descrip-

tion in intervening parts of the column. The shells are generally

small and inconspicuous and may easily have been overlooked

as slightly distorted orthoceracones.

Graciloceras extensum Flower, n. sp. Plate 40, figs. 4-5

This species is known only from a single specimen, one lateral

side of whic'h is lost by weathering. The shell is 8.; mm. in length,

very gently curved, with a radius for the venter of about 200 mm.

In the basal 20 mm., which constitute the phragmocone, the height

increases from 7 mm. to 8 mm., and in the 65 mm of the living

chamber the height increases to 27 mm.

The exterior is somewhat roughly preserved, but the sutures

are clearly straight and transverse. Three adoral camerse occup)'

6 mm. and do not appear to be contracted adorally. The septum
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is moderate in ,curvature, and in vertical section the suture slopes

very faintly orad from dorsum to venter. The siphuncle is not

preserved. Tlie exterior of the specimen indicates diat the great-

est width of the sliell lies ventrad of the center. In tlie adoral

part of the s!iell the section is a smooth oval ; adapically the venter

seems flattened and the section appears triangular. This ma}-,

liovvever, he an effect of flattening.

Discussion.—Even in the absence cf the essential morphologi-

cal features of the siphuncle, there is little reason to doubt the

generic position of tins species. Gracilccci as, formerly known
only from the Chazyan, is characterized by the extremely long

living chamber and the extremely short pliragmocune. No other

Ordovician genus is known which shows these characters in con-

junction with an extiemely ^lend,er and gently curved shell

Whetiier tljc apparent subtriangnlar section in. the early stages

is natural or not this form may be distinguished from its Chazyan

congeners by th.e much larger size and the somewhat relatively

deeper camer^c. Vvhetlier the original section was compressed is

ujicertain, w:-. tlie present specimen has evidently undergone some

distortion. I have not attempted to restore the width of tlie shell

smce the present specimen does not supply a basis for an\ con-

clusions on the subject wliich will have to await better material.

At the bar.e of tiie type, on the side exhibiting a natural section,

are to be seen fragments, including the aboral side of one arm of a

minute starfish.

Type.—Holotype, Sliideler Collection.

Occurrence.—Frc.im the lower Whitevv-ater beds, Flat Fori: of

Caesar's Creek, near Oregonia, C)hio.

Family CLINOCERATIDi^ Flower, n. fam.

This family is erected for a group of faintly curved longiconic

cephalopods characterized primaril}- by a siphuncle v/hich is sub-

central throug'hout life, and in wliich the segments are plano-

convex to c\ rtochoanitic. The known genera are further char-

acterized by a gradual adoral contraction of the living cham.ber,
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followed by a rapid expansion at the extreme aperture. The ap-

erture is inclined slightly orad from dorsum to venter but lacks a

clear Inponomic sinus.

Three genera are assigned here, Clinoccras, U'hiteavesitcs, and

UliitficJdoccras.

Discussion.—This family is distinguished from most other

cyrtochoanitic families Ijy the subcentval position of the siphuncle.

It is distinguished from the primitive Mixochoanites by the ab-

sence of natural truncation, and, in the known genera, b\- the pe-

culiar form of the living chamber. It is differentiated from the

ancestral genus Ccniroonoccras by the form of the living chamber,

which is prominent but superficial, but primarily by the develop-

ment of planoconvex or else cyrtochoanitic segments instead of

the subortho.choanitic segments.

Theoretically, there sliould be a cej^halopod which is a simple

cyrtoceracone with an unmodified living chamber, which retained

its phragmocone entire throughout life, and which differs from

Ccntroonoceras in the planoconvex segments of the siphuncle

and in septa which are more strongly curved on the ventral than

on the dorsal side. Such a type, which is considered here as a

primitive Clinoceras, would combine the more generalized fea-

tures of the known Clinoceratidae and Hebetoceratinse. Such a

form would probably be best included in the Clinoceratidse. By
only the development of natural truncation of the shell Montyo-

ccras may be produced from this theoretical type. By modifica-

tions of the living chamber, the Clinoceratidse as at present known
may be developed. Were such a form known, it would probably

require a new generic name. As a theoretical genus it is in itself

vmimportant, but it is significant inasmuch as such a form must

necessarily have preceded Clinoceras. As the boundary separat-

ing the Mixochoanites from their ancestors has been arbitrarily

drawn by the writer (Flower, 1941) on the basis of the appear-

ance of natural truncation of the shell, this type would, by defini-

tion, belong to the Clinoceratidae, although such a shell, if known

from fragmentary specimens failing to show the development of

an apical plate closing the siphuncle, would probably not be dis-
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tinguished for all practical purposes from Montyuceras itself.

Each of the three genera of the Clinoceratidse has some special-

izations of its own. Clinoceras, known at present only from the

genotype, C. dens, from Ordovician erratics of Prussia, resembles

Montyoceras in vertical section, in the course of the septa, and the

form of the segments of the siphuncle. Its siphuncle, however,

lies dorsad of the center of the shell, and the conch is faintly

curved exogastrically. Foerste (1926, p. 348) considered

Clinoceras among the endogastric genera since its siphuncle was

closer to the concave than to the convex side of the shell. Rever-

sal of this orientation suggested by the writer (Flower, 1941) on

the basis of the similarity of the planoconvex segments with those

of the Hebetoceratinse, serves further to show at once the strong

similarity of this shell with the exogastric genera Uliitfieldoceras

and Whiteavesites. The dorsal siphuncle is the most peculiar

feature of the genus, and one which might appear less constant

were more than the single species known. I regard it as a special-

ized feature, since the siphuncles of all related genera are slightly

ventrad of the center when they are all eccentric.

Whiteavesites Foerste (1929, p. 167) is known only from the

genotype, ]V. winnipegensis (Whiteaves), of the Dog Head for-

mation of Lake Winnipeg. The siphuncle here is ventrad of the

center adapically, dorsad of the center adorally, and the segments

are slender but convex on both the dorsum and venter. The shell

is depressed but has developed lateral lobes in the sutures,

Whitfieldoc eras, discussed in detail below, has simpler su-

tures, a siphuncle which is central or ventrad of the center, but

which appears to be more advanced than that of Clinoceras or

Whiteavesites in having broadly biconvex cyrtochoanitic seg-

ments. The form of the living chamber agrees with that of Cli-

noceras, but the contraction and subsequent flaring may be even

more pronounced. In the monotypic Whiteavesites the living

chamber is faintly contracted adorally so that it is slightly fusi-

form, and only a faint expansion occurs at the aperture.

No other genera are known at present which can be placed with

these three in the Clinoceratidse.
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Genus WHITFIELDOCERAS Foeiste

Genotype.

—

Oncoceras mumkej'onnr Wliitdifld.

Whitficldoceras Foerste, 10;-!3, Denison Univ. Bull., ."-iei. Lab., Join., vui.

28, p. GO; Focrste, lyi^u, ibid., vol. ;;o, p. -l.j.

Cross section circular or slightl}- depressetl, shell slightly

curved exogastrically in the early portion, straight or nearly so in

the mature portion. The shell expands gradually, to a point lo-

cated close to the hase of tlie mature living chamhcr, and then con-

tracts slowly to the aperture, producing a slender fusiform shell.

Curvature is highly variable. Some species, the adapical portion

of which is unknown, may appear to be straight. Others are

straight except for a slight geniculation at the base of the mature

living chamber. The sutures are essentiall}- straight and trans-

verse. The septa are shallow, the siphuncle is located at or slightly

ventrad of the center. Dolomitic internal molds show that the

segments of the siphuncle expand within the camerse, but no mem-
ber of the genus has been examined in section to determine the de-

tails of internal structure, so the affinities of the genus are some-

what uncertain. It is not clear from the descriptions whether

the aperture preserves a h^ponomic sinus. Clearly most species

show a main aperture which is slightly inclined orad from dorsum

to venter, but neither descriptions nor material show the ventral

portion of the aperture clearly.

Discussion.—This genus is very distinctive in its form, on the

basis of which one slightly atypical species from the Richmond of

Ohio is placed here v.ath doubt, as some of its morphological fea-

tures are inadequatel\' known, and the shell is somewhat larger

than that of previously described species. The previously known

species which have been placed in the genus by Foerste are listed

below

:

W. baffinense Foerste. "Arctic Ordovician" (Trenton-Richmond), Fro-

bisher Bay, Baffin Land
TV. clarkei Foerste. Decorah shale, Minnesota
{1)W. coiitractum (Miller), Foerste, 19;!5, pi. 47). Lander sandstone,

Big Horns
W. exiguum (Billings). Trenton limestone (probably Sherman Fall), Ot-

tawa
W. cf. exiguum (Billings). Prosser limestone, Minnesota
W. minimum Foerste. Prosser limestone, Iowa
W. mumiceforme (Whitfield). Platteville limestone, Wisconsin
W trentonense Foerste. Trenton limestone (Sherman Fall ), New York
and Ontario
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This genus, in spite of its Trenton-Black River range, does not

appear to be confined, as are most such genera, to the Black River

and lower Trenton. l\lr. G. Winston Sinclair has shown me excel-

lent material which is clearly from the Sherman Fall member at

Ottawa, and which is apparently identical with IT. exigiium

(Billings). Ihe range of the genus in the New York Trenton is

uncertain, but the writer has seen representatives of the genus in

collections consisting otherwise only of material from the cephalo-

pod bearing beds, apparently the Denmark member of the Sher-

man Fall. The generic position of the single reported Bighorn spe-

cies is still uncertain in the opinion of the writer, although it vv^ould

appear that it is at least atypical of \ lliitfieldoceras if, as Miller

believed, the siphuncle lies close to the ventral margin of the shell.

However, better material is necessary before the position of this

species can be determined with any degree of certainty.

\Vhitjieldoc eras is distinctive among cyrtochoanitic cyrtocer-

acones of the Ordovician not only in its tapering form, but also

in its subcentral siphuncle. Marginal siphuncles are found in

the Diestoceratidae, Oncoceratidce, Valcouroceratidse, and Allu-

mettoceratidae. The only genus agreeing closely with U'Jihfield-

oceras in the position of the siphuncle is Clinoceras Mascke (see

Foerste, 1926, p. 348, pi. 37, fig. 2). Flower (1941, p. 528, also

fig. I, p. 526) regarded this genus as faintly exogastric rather than

endogastric, a conclusion reached apparently on the basis of the

aperture which slopes slightly apicad on the side accepted as ven-

tral by Foerste. If the shell is oriented on the basis of the plano-

convex siphuncular segments and the demonstrated orientation of

similar segments in Montyoceras and Hebetoceras, it becomes an

exogastric shell with a siphuncle slightly dorsad of the center.

Further, if the shell were oriented on the basis of the similarity of

the features of the aperture with those of Whitfieldoceras, the

same interpretation would result. Therefore Clinoceras is re-

garded as a close relative of the most primitive of the mixochoa-

nitic cephalopods, one actually more primitive than Montyoceras

in that it did not attain natural truncation, though perhaps slightly
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specialized in the contraction of the entiie sheU Just before the

mature aperture is attaineil. ll'ltitfwldoceras is regarded as a speci-

alized descendant of Cliiioccras, differing in the somewhat greater

contraction of the living chamber, and in the development of ap-

parently biconvex instead of planoconvex segments of a siphuncle

which still rem.ain relatively close to the center of the shell. Un-

fortunately this view lacks possible stratigraphic confirmation

based upon the age of the genera concerned. Whitfieldoc eras is

not known prior to Black River time. The age of Clhioceras is

unknown, as the genot\pe, and insofar as I have been able to dis-

cover, the onl\- typical species, is from Ordovician erratics of Ger-

many. While most such erratics are from the "Orflwceras lime-

stone" that term covers a multitude of horizons, and while it is

certain that relativel}- low Ordovician is contained in the interval

embraced by the term, including some Canadian, the exact posi-

tioa of Clinoceras remains uncertain. There is a possibility that

it may be pre-Black River. However, the morphological similar-

ity between Clinoceras and Hebetoceras on one hand, and Clinoc-

eras and JVhitjieldoceras on the other seems sufficiently strong

to warrant the relationships quite apart from any stratigraphic

evidence, particularly in view of the dissimilarity of other Ordo-

vician cyrtocoiiic genera.

Whitfifcldocfras (?) tasteri FloNver, a. sp. Plate 41, figs. 1, 2

Conch straight, slender, slightly fusiform. The supposed venter

is slightly convex over the greater part of the shell, but is slightly

concave near the aperture where the shell is gently constricted be-

fore flaring to the margin. The dorsum is essentially straight ex-

cept in the constricted region. The sides are faintly convex over

the base of the living chamber, apparently straight elsewhere, but

modified by flattening. The shell is i8 mm. high by 14 mm. wide

at the base, enlarging gradually in the 32 mm. of the phragmocone

to 24 mm. and 19 mm. at the base of the living chamber. The liv-

ing chamber is 35 mm. long, and contracts gradually in the basal

28 mm. to 20 mm. and 14 mm., then flaring slightly to 21 mm. and

15 mm. at the aperture.
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Tlie sutures are oblique, a condition clue probably to distortion,

as they form broad lobes on one lateral surface and 'broad sad-

dles on the other. l"he\ were probably originally straight and

transverse. Three normal camerje near the living chamber are

subequal and 4 mm. deep. The last two camerse are shortened

gerontically and together embrace an interval of 2.5 mm. Nothing

is known of the siphuncle or internal structure. The shell sur-

face is not knovv^n. Such traces as remain of the aperture show-

no evidence of a hyponomic sinus.

Disciissiun.—The unique specimen upon which this species is

based, is given a name here in spite of the somewhat distorted con-

dition of the type and lack of information as to internal struc-

ture which is essential for certain generic diagnosis. iVhitfield-

oceras has a suhcentral numnmloidal siphuncle. This species is

typical in form of Uliitficldoccras but is a giant among the other

species, all of which are ver}- minute, and it is twice the size of the

largest form previously known, judging onl}- by the length of the

living chamber. Dowlingoccras Foerste (1928A) is slightly simi-

lar in form, but lacks the flaring aperture and is a naturally

strongly compressed shell. Some of the slender species of

Oonoceras showing only slight curvature ma}' resemble this form

superficially, but those shells are not gibbous at the base of the liv-

ing chamber; the}- are naturally compressed with lateral lobes

v/ell developed in the sutures, and the camer?e are always quite

closely spaced. The condition of the sutures in the holotype sug-

gests extensive flattening, such as would be possible only on the

assumption that tlie holot} pe was a shell of nearly circular section.

In the above description the shell is oriented on the basis of the

hypothesis widely applied in such cases that the more convex side

is the venter. There is, however, no actual morphological justi-

fication for such an assumption on the basis of the single known

specimen.
"'li'f'

Type.—Holotype, collection of Dr. W. H. Shideler.

Occurrence.—From the upper Whitewater beds of McDill's

Mills, near Oxford, Ohio.



263 CiNCINNATIAN Cephalopods : Flower 181

MIXOCHOANITES
INTRODUCTION

The Alixochoanites, proposed by Hyatt (1900) as a suborder

of the Nautih>idea, as revised by Miller (1932) and later by

Flower (1941), now constitute a small aberrant group of cephalo-

pods comprising 14 genera, ranging from Chazyan to Middle

Silurian. The forms originally included here are largel) the

ascoceroids, curious inflated shells in which the sutures are pro-

duced into broad saddles which swing orad along the greater part

of the length of the living chamber. (Fig. 10.) These, the most

specialized members of the group, were the ilrst ones to be known.

Subsequent!}' similar inflated shells in which the sutures were less

markedly produced on the dorsum and lacked the strong sigmoid-

al curvature of more specialized t)'pes were discovered in the

American Ordovician. These constitute the genera Frohill-

ingsites and Shamattawaccras. Of these genera Probillimjsites

Vv^as found to range as far down as the Trenton. Flower (1941)

subsequently found Chazyan Mixochoanites, constituting the v.ew

genera Montyoceras, Hebetoceras, and Ecdyceras which were not

cnly more primitive in the form of the segments of the siphuncle,

but also shov.'ed that the slender form of the earl}' stages of the

shell in the specialized ascoceroids vras recapitulatory in its signi-

ficance and is not a coenogenetic feature as v/as implied by

Miller (1932) who proposed that the Mixochoanites were related

to some Oncoceras-\\kQ form.

The developmental stages of the Mixochoanites have been

treated elsewhere by the writer. They arose from slen.Jer ceph-

alopods with thin-walled (stenosiphonate) connecting rings and

short essentiall}' straight septal necks. The initiation of the group

is marked by the development of septa which are asymmetrical in

vertical section, being deepest well ventrad of the center, and v^ath

the septum more steeply inclined on the venter than on the dor-

sum. Apparently contemporaneous with this feature or nearly

so, is the development of an entirely new habit, the ability of the

animal to moult adapical camerse during life and to close the

open siphuncle which is left by such a process by a small lens-
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shaped plate. Subsequently the adoral siphuncular segments

tend to brcjaden from a suborthochoanitic segment which is plano-

convex in vertical section, to a broader biconvex segment. This

development occurred in the Lower Ordovician, in or before

Chazyan time. In Middle Ordovician time the mature part of

the shell, all that is commonly found of these organisms, has be-

come inflated, and the sutures show a tendency to slope orad on

tiie dorsal side of the shell. This is carried farther in Upper

Ordovician genera, and in the Upper Ordovician the sigmoidal

ascoceroid septum is developed, in which the dorsal saddle is

sharply set off from the remainder of the suture, and in which it

becomes broader adorally than it is at its base. This type of sut-

ure is characteristic of the Ascoceratids; as revised by Flower

(1941)-

It is not necessary to review the development of the group here

further, as no new morphological information has been obtained

since this was previously done by the writer. The special modifi-

cations of the shell have necessitated the use of some special mor-

phological terms which require explanation.

The mature part of the shell, all that is known of the Cincin-

natian forms, consists of a living chamber and a few attached

camerse, normall}' not more than four. The septum at the base of

the specimen has been termed the septum of truncation (T, in

fig. loA) (Miller, 1932). If this is followed by septa which are

relatively simple, such septa are termed nautiloid septa. Properly

speaking, the septa remain nautiloid throughout life in the Hebet-

oceratidre, including the gibbous Upper Ordovician genera Pro-

hillwgsitcs and Shamattawaccras. However, in some representa-

tives of these genera the adoral sutures slope so strongly forward

as to suggest the ascoceroid septa of more specialized forms.

The ascoceroid septum (A in fig. loA) properly confined to

one which not only has a dorsal lobe, but in which the dorsal lobe

is sharply set ofif from the remainder of the suture by well-defined

lateral angles (L, in fig. loA). From two to four, rarely more,

sutures may be ascoceroid. In such cases the sutures are free where

they cross the dorsal surface of the shell, but are either very close
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together, or more often, fused laterally ; while still dorsad of the

lateral angles. Normall>- these septa are either very close togeth-

er or fused vcntrad of the lateral an;,des, though the}- often become

discrete for a short distance on the mid-ventral region of the shell.

Figure lU. tttrueture oi' Cineinnatian Mixochoaiiites.—A. Lateral aspect

of a SchucJicriuceras internal mold, shuv.ing nomenclature of structure. B.

Vertical section through base of Sdiucitcrtoccras obscunun Kliowing sug-

gestion of two areas of inllation in the first segment of siphuncle. C. Ver-

tical section through apex of Sclmdicrtoccras ef. prolan gal ura (Foerste),

partially restored. A. Ascoceroid sejita. B. Basal septum. T. Septum of

truncation. L. Lateral angle. S. Siptiuncle.

Difficult}' was encountered in the .study of the Cineinnatian

Ascoceratidse owing to the close similarity of two genera, Schu-

chertoceras and Billimjsites. These genera can be distinguished

by the presence of a single nautiloid septum in ScJiuchcrtoceras

between the septum of truncation and the first ascoceroid septum.

Eillin;jsitcs lacks this structure. For brevity. Miller (1932) pro-

posed the tern.i basal septum for this septum in Schuchertoceras,

a term which has been used in tlie following descriptions. Oc-

casionally a ScliHchcrtnccras may show clearly botli the suture of

the septum of truncation and the basal septum. More often, only

a single nautiloid septum is seen at the base of a shell. It has

'been necessarv to resort to sections to demonstrate whether this
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represented the suture of the septum of truncation or whether the

suture of the septum of truncation was not evident, and this rep-

resented a true basal septum. In both Schuchcrtoceras and Bill-

ingsites, the septum of tnmcation may blend so perfectly with the

outline of the rest of the shell that no suture as such is visible.

A peculiar feature of Scliuchertoccras is the form of the si-

phuncle between the septum of truncation and the basal septum.

It may show two successive bulges, suggestive of two segments of

a siphuncle. One species, vS'. thomasi Miller, shows traces of three

such segments. Both Miller and Flower have interpreted these

bulges as relics of segments formed in the ancestry of ScJnicher-

toceras in two distinct camerae, the septa of which were since

lost. Whether in the ontogeny of Sclwchertoceras itself such

septa are first formed and then resorbed. is still a very uncertain

point, since no specimens are known which have not attained full

m.aturity.

SEXUAL DIMORPHISM

It is alwa3's a different matter to put forward a convincing case

for sexual dimorphism in a group of extinct organisms, particu-

larly when no close living relatives are known. However, the pos-

sibility is on.e which was suggested first by Ruedemann (1921)

and evidence favoring the recognition of two size groups within a

species has since been found by Flower (1938) and Teichert

(1940, p. 60) while Kobayashi (19.37) has invoked a similar

hypothesis to explain differences between the apical portions of

actinoceroids.

The problem is a particularly difficult one when the organisms

which are suspected of exhibiting sexual dimorphism are so rare

that in some instances only a single pair of individuals is known.

This is unfortunatel)^ true of the Cincinnatian mixochoanitic spec-

ies concerned. Because sexual dimorphism could not be demon-

-strated, but only suggested, the two types are treated under

different names in two of the three cases. In the third, one mem-

ber of the pair was too incomplete to merit description. This was

the case with Proh illingsites lehanonensis Flower, n. sp., of the

Arnheim of Kentucky. This species is known from a complete
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holotype representin;,' a small indiviiliial and a ver}- incomplete

specimen representing^ a considcrabl} larger individual. As in-

flation of the shell, present in both si)ccimens. is a phenomenon

developed only in^ tlie late stages of ,i;ro\vth, there are u'Dviuusly

here two mature individuals ditifering mainly in size. A similar

''ifference was found between two pairs of species in the lower

Whitewater horizon. One ;; re;'re3entedi ])y the small PrnbiUinq-

sifcs oxfordcnsis Flower, n. sp., known from only two indi\i;'uals

and the larger form which is given the name of Frobilliiujsitcs

faberi, known from a single specimen. In the same horizon were

found the i-elatively large Sini:ci!crf"rci'as discrctinii (Foerste)

and the smnller form describe! as S. discretntn var. minor Flower,

r. var. Idiese two forms dilTer in more than size, CKiiiljitiiig

minor dififerences in shell p' ;';)<)rtiou and in the course of the

sutures. .Somewhat greater I'ifferences distinguish a third pos-

sible but less ])robable pair of species v;hich might together repre-

sent sexual dimorphism in a single true species, 5".
< eniculafuni

and S. rofiiii'Juni. Tlie small S. i/cinculafiini (hirers from most

other species jf Schud'crljccras in tluit the gre itest L-hell diame-

ters occur v.'ell orad on the mature part of the shell. They are near-

er the apex of the specimen in S. rofundafmii v/hich is a larger

form. Each of these species is represented by a single well-pre-

served specimxcn, though a number of badly flattened shells are re-

ferred with doubt to S. rotund uv.i. Because of the great difficulty

involved in presenting sexual dimorphism as more than a possibil-

ity worthy of further consideration, these forms are not treated

here taxonomically as conspecific. The}' are sufficiently different

to receive specific or varietal rank on the basis of morphology

alone, and therefore have been treated in this way.

STKATJCUAPHIC KANG.E OF MIXOCHOANITES

IX THE CINCINNATI KEGIOX

In the Cincinnati region the Mixochoanites are rare and usually

not very well preserved. None are known here below the base

of the Richmon.d. The Cathys limestone of the Nashville area

has yielded a single species. ProbiUiiif/sifes 7vi!lianisportciisis
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(Foerste, 1924, pp. 217-218, pi. 35, fig. 2A-€). This species or

a closely related one may eventually be found in the equivalent

Cynthiana limestone of Kentucky, as the two formations are pre-

sumably continuous under younger strata separating their areas of

outcrop and have many faunal elements in common.

The first of the Cincinnatian Mixochoanites constitute two spe-

cimens both from a single layer in the Arnheim. at Lebanon, Ken-

tucky. This layer is a thin silicious bed, replete with pelecypods

and Bucania, which has yielded only three specimens of recogniz-

able mixochoanitiiC cephalopods. One is the straight slender

Ecdyceras joerstei Flower, n. sp., the only representative of that

genus thus far recognized aside from the Chazyan genotype. The
other, ProhUUngsitcs lebanonensis Flower, n. sp., is based upon a

single complete sm.all individual and a fragment of a considerably

larger shell too incomplete for description which is tentatively

placed under the same specific name.

Two specimens and two species appear in the Blanchester

member of the Waynesville. Schuchertoceras ohscurnm Flower,

n. sp., is from the basal Blanchester near Jacksonburg, Ohio,

while a single living chamber of ProhUUngsitcs o.rfordensis

Flower, n. sp. is from the Blanchester of Stony Hollow near

Clarkesville.

ProhiUinfisites (f) minntitni Flower, n. sp., the only Liberty

mixochoanite so far discovered, is from the middle part of the

form_ation, at Dodge's Creek, Oxford, Ohio.

The cephalopod zone just above the base of the lower White-

water has yielded ProhiUingsitcs o.rfordensis Flower, n. sp., Pro-

hillingsitcs faberi Flower, n. sp., Schuchertoceras prolongatum

(Foerste), Schuchertoceras discretum (Foerste), and 5". dis-

cretum var. minor Flower, n. var. In addition, this horizon has

yielded some badly flattened specimens which cannot be identified

with certainty, but probably include S. rotitndnin better known

on the basis of material from the upper Whitewater above the

Saluda.

The Saluda beds have yielded Schuchertoceras distinctum

Flower, n. sp., and S. ef. prolongatum (Foerste). In addition
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there are in our collections two specimens too poorly preserved

to merit figures or description, one possibly a small Frobilliii(/sitcs

from the Saluda of Versailles, Inrliana, and the other probably a

SchucJiertoccras larger than S. prnlongatiiin which, however, fails

to show either the sutures or the septum of truncation clearly.

The upper Whitewater above the Saluda has yielded S. dis-

cretion var. minor, S. rotiinditin, and S. gcnicidatiini. The Elk-

horn has produced a single specimen and species S. prolorigatiim

(Foerste).

i\Iixochoanitic cephalopods are exceedingly rare fossils in the

Cincinnatian and are usually not ver}- well preserved. The species

listed above are based upon a series of only 15 specimens, with

perhaps eight others so incomplete or poorly preserved that identi-

fication is uncertain in most instances. These constitute all of

the mixochoanitic cephalopods thus far known from the Cincin-

nati region. With such scant material, little is known of variation

vrithin the species and there is little basis for determining the

precise vertical range of the species. 5. prolongatitni seems to

range from the Saluda to the Elkhorn. Most species present in the

lower Whitewater appear in the upper Whitewater also. One
form, Probillingsites oxfordensis, is represented by a single poor

living chamber far out of its normal occurrence. This species is

typicall}' developed in the lower Whitewater, but one living cham-

ber is included there which on morphological grounds alone can-

not be distinguished specifically. This is from the Blanchester

member of the Waynesville. Only Probillingsites (f) tuiuiituni

is known from the Libert)', which has yielded few cephalopods

other than orthoceracones, and none at all are known from the

Covington subseries.

KEY TO CINCINNATI MIXQCHOANITES

1. Shell straight and tubular, orthoponie, readily distiiisuished from
other orthoconic genera by the small number of septa (4) found
with a living chamber, and the very deep subconical form of the

septa Ecdycera.i foerstei

Shell gibbous, usually strongly exogastric 2

2. Adoral septa may be more strongly inclined orad th?n the earlier

sej'ta. but are not signioidal. tliat is. do not have dr>rgal lobes

Tvliich extend orad without approaching each other

{Probillingsites) 3
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Afloral septa are sigmoidal, the dorsal saddle well set off and ex-

tending: abruptly ojad, either its sides parallel or sloping ventrad

for a greater part of its length {Schiicherioceras) 6

3. Siiell constricted laterally before the aperture, basal portion gibbous,

ail oral region tubular 4

Shell evenly eurvi-d in outline, without a constriction dividing it

in to two regions 5

4. Shell minute P. (t) minatum
Shell of moderate size P. Icbunonensis

5. Shell &mall, living chamber with a nuiAinuini length of :;5 mm
P. oxfordcnsU

Shell larger, living chamber 40 mm. in length P. faberi

6. Septum of truncation with a clear suture, distinct from basal su-

ture. Lateral angles rounded S. distincium

SeiDtum of truncation without a. clear suture; lateral angles well

developed 7

7. First dorsal saddle low, scarcely produced adorally, not advanced
beyond the suture of ProhiUinnsitcs. (Shell small, ovoid, with

two widely separated ascoceroid septa, only the last slightly ex-

panded ventrad beyond it& base) S. uh:-curum

First dorsal 3ad<lle with the sides diverging or parallel but truly

ascoceroid 8

8. Dorsal saddles narrovr, convex adorally over the mid-dorsal region.

Sutures dorsad of the lateral angles do not slope distinctly

ventrad ^

Dorsal saddles broad, transverse or faintly concave adorally at

center. Sutures dorsad of tlie lateral angles diverge and slope

definitely ventrad 10

9. Size large, length 60 mm,, greatest diameters at mid-height of shell

t^. discrcivm

Size smaller, length 40 mm., greatest diameters attained apico.d of

center of shell <S'. discretwin var. minor
10. Shell large, length at least 60 mm., usually more, only two ascoceroid

septa which are high and close together 8. prolongafum
Shell smaller, at least three ascoceroid septa, more evenly spaced . 11

11. Greater diameters well orad of center; ventral profile abruptly
I'ont at region of grearest dinineters jS'. (icinciilatum

Greatest diameters at center, all proiilcs well rounded S. rafunduin

STKATIGKAPHIC AND PALEUCKOOUAl'lllCAI. blC'Nlt ICANCE

The first Mixochoanites known are those of the niiddle and

upper Chazyan, a fauna generally conceded to have boreal affini-

ties. There is undoubtedly a close connection between the faunas

and faunal succession in the Chazyan of the Champlain Valley

with those of the Minsran Islands. However, the Mixochoanites

are not known from the Mingan region as yet, and the cephalopod

fauna of the Champlain Chazyan is sliowing much in commcMi

with the southern Appalachian and J^.Iurfreesboro (Tennessee

basin) Chazyan, as well as with tlie northward Mingan Island

region. Whatever the origin of the Chazyan faunas, subsequentl}-

many of the faunal elements did come to be associated with em-

i
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bayments which clearly came from the arctic region. No further

Mixochoanites are found, however, until late Trenton time, when
ProhiUingsites is found in the Cobourg of Ontario, unnamed upper

Trenton of Montreal, the Prosser of Iowa, the Galena of Illinois,

and the Cathys of Tennessee. Of tliese, only the Cathys has not

been formerly regarded as carrying a boreal fauna. Ivecent inves-

tigations of the closely allied Cyntliiana (Flovv'er, 1942) have

shown the presence of not only boreal tephalopod genera, but of

species showing closest affinities to supposedly nuich younger ones

of the Fremont limestone, Bighorn and Whitehead formations,

the Vaureal of Anticosti,

The Arnheim like the Cathys has been regarded as containing

a fauna of south Atlantic origin. Tliis is based upon the known
geographic occurrence of some of the species the appearance of

which characterize the Arnheim in the south but not in its north-

ern extremities. Such species are those which are new to tlie

region, and their soutliward range has been taken as an indication

of their southern origin. Difficulties are encountered in trying to

explain the presence here of ProhiUingsites and Ecdyceras. The

best hypothesis involves a connection with an arctic embayment

from the north, probably extending west of the Cincinnati embay-

ment, although no beds have been identified in the iMississippi

region or fartlier v/est as being Arnheim in age. However, grant-

ing the presence of such an arm of the sea which may have left

no permanent record, its existence and a temporary connection

with it considerably south of Cincinnati would supply the best ex-

planation of the peculiarly arctic elements in the Arnheim, and

probably a similar explanation must be invoked for the Cathys.

The presence of Schuchertoceras from the Waynesville to the

Elkhorn might seem to indicate that the genus is "diagnostic" of

the Richmond, and moreover, of not very early Richmond. How-
ever, if as is generally believed, the incursion of new faunal ele-

ments from the north into the Cincinnati area is the essential

faunal criterion of Richmond time, it murt automatically follow

that these types mu.'^t have existed elsewh<"re in ]-»re-R^'chiriond

time. Consequent!}' their presence in strata deposited within the
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arctic embayment cannot be taken as proof of Richmond age of

the beds concerned.

Genus ECDYCERAS Flower

Genotype.

—

Ecdyccras sinuiferum Flower.

Ecdyceras Flovvcr, 1941, Jour. Paleont., vol. 15, pp. ::46-7.

I'he shell is straight, strongly depressed in section, the venter

more flattened than the dorsum. Tlie septa in the mature part of

the shell, the only part known, are deep and subconical, the great-

est depth occurring ventrad of the center, with the siphuncle at

the deepest portion. The sutures of tiie genotype bear lobes on

both the dorsum and the venter. The species described below has

no clear lobes on the dorsum, but this difference does not seem

adequate for the erection of a separate genus. The siphuncle is

not adequately known. I'iie early ephebic segments are slender

and biconvex in vertical section, like the segments of Montyoceras

and the basal segments of the mature Hebetoceras. Adoral seg-

ments may very probabl} become more broadly expanded where

the adoral cameras are shortened.

The living chamber characteristically has attached to it not more

than four camera, others having been lost by natural truncation.

There is evidence in tliC genotype of plugging of the apex of the

siphuncle in truncated shells.

The surface bears only transverse markings, which slope apicad

on the venter to form a broad shallow h}ponomic sinus.

The genus is known from the genotype of the middle Chazy

limestone of the Champlain Valley and the species described be-

low from the Arnheim of Kentucky. No other species are known.

Ecdyceras foerstei Flower, n. sp. Plate 5, figs. 6-8

This species is represented in our material by a single speci-

men, 84 mm. in length, consisting of a complete living chamber

and four attached camercC. The shell is strongly depressed in

section, both dorsum and venter being strongly flattened, though

the venter is more strongly flattened than the dorsum. The shell

expands from the blunt apex made by the initial septum to 16 mm.
and 21 mm. at the first suture. In the 12 mm. of the phragmocone

the shell increases to 19 mm. and 25 mm., and in the 56 mm. of
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the living chamber a height of 22 mm. aiul a width of 30 mm. are

attained at the aperture.

1 he sutures are straight and transverse clorsall}- and laterally

but form shallow lobes on the venter, 'ilie tour camer^e in the

12 mm. of the phragmocone are subequal in length. The conical

septum at the base of the specimen is not clearl) preserved, but

the greatest depth was attained well ventrad of the center of the

shell. The siphuncle cannot be seen at the apical end of the type,

nor could it be kjcated in a vertical section, as the only trace of in-

ternal structure remaining consisted of the extreme ventral por-

tion of the septa.

The aperture of the living chamber is clearly marked and is

straight and transverse.

Discussion.—This species, in spite of the absence of data on

the structure of the siphuncle, is placed in Ecdyceras, of which it

is perfectly typical in the strongly flattened section, the very deep

subconical septum, and the ventral lobes of the sutures. It differs

from the much older Ecdyceras sinuijerum Flower of the Chazyan

in that the sutures are simpler, there being no good development

of dorsal lobes in this species. The type may not represent a ma-

ture individual. There is no contraction of the adoral camerse,

and the shell is expanding to the aperture, though the rate of ex-

pansion is slightly less on the adoral part of tire shell than on the

adapical part. These features suggest that the shell represented

an immature individual. The type is preserved in a silicious

matrix, unfavorable for the retention of internal structure. Un-

fortunately this is a type of sediment in which many of the Cin-

cinnatian Mixochoanites are found.

Type.—Holotype, W. H. Shideler Collection.

Occurrence.—Arnheim formation of the Richmond, Lebanon,

Kentucky. : 'i

Genus PROBILLINGSITES Foerste

Genotype.

—

Probillingsites welleri Foerste.

ProbiUinosites Foerste, 1928, Denison Univ. Bull., Sei. Lab., Jour., vol.

23, p. 317; Miller, 1932, Univ. of Iowa Studies, Studies in Nat. Hist.,

vol. 14, No. 4, pp. 20-22 ; Foerste, 1933, Denison Univ. Bull., Sci. Lab.,

Jour., vol. 28, p. 137; Foerste, 1935, ibid., vol. 30, p. 18; Flower, 1941,

Jour. Paleont., vol. 15, pp. 529, 538-9.
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The mature part of tlie shell, all that is known for any repre-

sentative of this genus, is a gibbous shell of slightly depressed sec-

tion consisting of a living chamber and usually not more than four

camer^e. The septum at the base of the specimen is deeply curved

especially vertically, and the deepest part lies ventrad of the center,

Vv'here the siphuncle is locaterl. All sutures slope forward from

venter to dorsum. In some species, particularly those of the Middle

Ordovician, the sutures are essentially parallel. In other species

the adoral sutures are more oblique than the earlier ones. Such

shells approach more closely to the plan of the ascoceroid, but the

sutures are not bent sigmoidally and the dorsal lobes are never

inflated adorally. Unfortunately nothing is known as yet as to

the structure of the siphuncle in this genus.

Form varies considerably among the various species. In gen-

eral the ventral profile is convex and fairly uniformly so, while the

dorsum is less convex, sometimes being concave adorally.

The Trenton species of Probiliingsites consist of only three de-

scribed species. These are P. williamsportensis Foerste (men-

tioned above) from the Cathy s of Tennessee, P. welleri Foerste

(1928, p. 318, pi. 71, fig. 2A-B) of the Galena of Illinois or Wis-

consin, and P. miller i Foerste (1935, p. 18, pi. i, fig. 3) of the

Prosser of Iowa. In addition there are undescribed species from

the Cobourg of Ontario and the uppermost Trenton of Montreal

which agree with the three described species in having the su-

tures oblique but parallel, the adoral sutures not being more

oblique than the others.

Another group of species is characterized by adoral sutures

which are markedly more inclined than the adapical ones. This

condition is found in but one Trenton species, P. primus Fritz (in

Parks, 1928, pp. 85-86, see also Miller, 1932, pi. 3, fig. 13) of the

upper Cobourg of Ontario. The same condition is found in

P. manitoidinensis Foerste (1924, p. 221, pi. 42, fig. la-d) of the

Meaford of Ontario as well as in the Richmond species described

here, P. lebanonensis and P. oxfordensis. The same is probably

true also of P. fabcri but is not demonstrated by the present ma-

terial. Miller (1932) pointed out these groups and noted that
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they might eventually be set apart into distinct genera. How-
ever, such a refinement did not seem necessary at that time. Since

then our knovvicdge of the species has not advanced very material-

ly. Even }ct no ProhUlingsltcs has been found which has yielded

the siphuncle in section, and consequently the ontogenetic modi-

fications of the segments of the siphuncle in this genus are still

unknown.

Probilliugsites lebanonciisis, Fiower, n. sp.
,

Plato C, fig. G; Plate 7, figs. 12-14

The holotvpe is a small complete mature shell 43 mm. long,

somewhat llattened, the lower portion gibbous, the adoral part

produced. The shell expands from a blunt apex to 26 mm. and

17 nnn. in the basal 20 mm., and contracts to 25 mm. and 16 mm.,

30 mm. from the apex. The remainder of the shell is tubular,

so that in 15 mm. on the venter the aperture of 25 mm. and 16

mm. is attained. The shell is curved, the venter convex. The curva-

ture is variable and has been modified slightly by pressure, but

the shell evidently becomes less strongly curved adorally, and

the greatest curvature is near the base of the mature shell.

The dorsum is nearly straight, slightly convex adapically and

slightly concave adorally. The sides are convex over the lower

portion of the shell and are straighter near the aperture.

The septum of truncation is not completely blended with the

remainder of the shell in outline and its suture is clearly visible

dorsally though obscure ventrally. The septum has the usual

subconical form and its oblique suture is straight 6 mm. above

the apex on the venter and 14 mm. from it on the dorsum. The

next suture is only .slightl\- more oblique, being 4 mm. farther

orad on the dorsum and 3 mm. on the venter. The next two

sutures are very close together laterally, but .separate slightly on

the venter (where the first is 3 mm. beyond the previous suture,

and the second is i mm. farther orad) and are more widely sep-

arated on the dorsum. The first of these is 4 mm. beyond the

previous septum, the second is only 2 mm. farther orad than

the first.

The aperture, which is not inclined apicad on the venter as
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in many other species of this genus, shows no tra,ce of a hypo-

nomic sinus.

A second specimen, from the same locaHty and horizon, is re-

ferred to this species with doubt, as it is considerably larger. The

shell is incomplete adorally and the venter is lost by weathering.

The shell is 47 mm. long in its present state and attains a width

of 32 mm. and a height estimated at 25 mm., 25 nnii. beyond the

apex. The suture of the septum of truncation is obscure. The

hrst clear septum is 11 mm. beyond the apex on the venter and

22 mm. beyond the apex on the dorsum. The next camera is

1.5 mm. deep on the venter and 5 mm. deep dorsally. The last

is .8 mm. deep ventro-laterally, being lost by weathering on the

venter, and 4 mm. deep dorsally. Except for its considerably

larger size this specimen agrees in proportions very closely with

the holotype, and in the absence of any striking distinguishing

characters other than the dubious criterion furnished by its

greater size, is tentatively assigned to this same series. (PL 6,

fig. 6.)

Discussion.—This species includes and is based upon the only

two specimens of Probillingsites known from the Arnheim forma-

tion. Both came from the same few inches of rock near Lebanon,

Kentucky. With only these two specimens it is of .course im-

possible to say wli*at significance should be placed upon the very

considerable difference in size between the two conchs. Sexu-

al dimorphism is suggested, but as is the case in even more abun-

dant forms, cannot be proved or disproved on the scant evidence

at hand. Unfortunately nothing is known of the internal struc-

ture of this species or indeed of any species of Probillingsites so

far studied.

This species is more advanced in the greater distance between

the sutures on the dorsum than those species known from strata

of definite Trenton age. It can be recognized by the broadly

gibbous lower portion and the produced adoral portion. P. ox-

fordensis is not only considerably smaller but is much more slen-

der, the gibbosity of the lov.-er portion being less marked. The

same difference serves to distinguish P. faberi, which is more
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comparable in size but has a considerably longer living chamber

in proportion to its diameters. Other Upper Ordovician or sup-

posedly Upper Ordovician species are not closely comparable.

Types.—Holotypc and paratype, Shideler Collection, Miami

University.

Occurrence.—Caney Creek, directly east of Lebanon, Ken-

tucky, from a single silicious bed in the x\rnheim formation, the

remainder of the fauna of which consists of pelecypods and

Biicania.

Probillingaitts (?) minutum P'lower, n. sp. Plate 38, figs. 4-5

This form is known only from a living chamber which is gib-

bous basally but produced near the aperture. The basal septum

is preserved only on the dorsum, being lost by weathering on the

venter. The suture is strongly inclined orad from venter to

dorsum. At its base the living chamber is 17 mm. high and 19

mm. wide. The dorsum is concave in profile. The venter is

convex in the lower part, approaching the dorsum strongly, then

becomes concave and is straighter to the aperture. The sides

are convex over the basal part, then constricted and produced,

converging slightly to the aperture. The constriction is attained

II mm. above the base of the specimen where the shell becomes

16 mm. v/ide and 12 mm. high. The aperture lies 3 mm. be-

yond and is II mm. high and 15 mm. wide. No hyponomic

sinus is evident.

Discussion.—This small anomalous species is represented only

by the type. The slope of the sutures orad from venter to dor-

sum is a feature which is developed only in the mixochoanitic

cephalopods. This shell agrees with Probillinrisites in the de-

pressed section of the shell, but is unique in the shortness of the

living chamber and in the development of a prominent constric-

tion near the aperture. Nothing is known of the siphuncle. The

basal septum is incomplete, being lost by weathering, and only

the dorsal third of it is retained. Likewise, a small part of the

base of the living chamber on the ventral side is lost by weather-

ing.

Holotype.—Shideler Collection.
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Occurrence.—Middle Liberty, Dodge's Creek, Oxford, Ohio.

Prohillhij-vsiies oxiordonsis Flower, n. sp.

Plate 0, figs. 7-8; Plate 7, figs. 5-7

'Ihis is a small I'rohiliuujsitcs represented in our material by

two specimens, liie holotype, somewhat crushed dorso-ventral-

ly, has a maximum length f)f 36 mm. and attains a maximum
height of 18 mm. and a width of 20 mm. at a distance of 12 mm.
above the base of the specimen. "Hie ventral profile is strongly

curved at the center of the specimen but less curved at both ex-

tremities. The dorsum is convex in the basal two-thirds and

becomes slightly concave adorally. Tlie first septum is 12 mm.

beyond the base on the dorsum and 5 mm. on the venter. It is

strongly inclined and straight. The next septum is nearly paral-

lel to the first, being 2 mm. distant from it on the venter and

4 mm. on the dorsum, 'i'he third is less than i mm. from the

second on tlie venter, but departs from it more widely on the

dorsum, so that there that camera is 4 mm. in depth. Two more

sutures are visible only laterally. They rise orad from contact

Vv'ith the others laterally and are joined for some distance, but

become separated half the distance to the adoral end of the shell.

On the dorsum the first of these must lie 10 mm. orad of the last

septum. The two are proljably close together on the dorsum,

though they are not clearly preserved on our specimen. No in-

ternal structure is preserved in the holotype. The aperture is

not clearly shown.

A hypot}'pe consists of a mold of the true living chamber—all

cameras being lost. This specimen, strongly flattened dorso-ven-

trally, corresponds closely in proportion to the holotype, includ-

ing the living chamber and the last two strongly oblique septa,

Possiblv it represents a young individual, or one in which these

last septa, alwa\s thin, were destroyed prior to burial. The sep-

tum at the base of the specimen corresponds in position and in-

clination to the third of the septa shown on the holotype. This

specimen is 25 mm. in length, with a width of 17 mm. and a
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height of 13 mm. near the base, and a view a width of i6 mm.
and a heiglit of 7 mm. at the aperture. The latter is strongly

inclined to the axis of the conch, sloping apicad toward the ven-

ter, tliougli without any delinite h\ponomi,c sinus. The speci-

men gives the impression of shell-boring sponges, for fossil rep-

resentatives of which Clarke proposed the generic name Cliono-

l itlies.

Discussion.—This is a relatively advanced ProbiUingsites, as

shown by the steeply inclined adoral sutures of the holotype. It

fails, however, to approach the Ascoceratidse in tlie complexity

of the adoral sutures any more closely than previously known

species. P. primus Fritz is a smaller speciCs in which the su-

tures are uniformly more oblique than the more transverse ones

of P. oxjordensis. It is also a more gibbous species. Other spe-

cies fail to approa.ch this one in proportions.

Types.—Holotype and paratype, collection of W. H. Shideler,

Miami University, Oxford, Ohio.

Occurrence.—Holotype from the lower Whitewater horizon,

Little Four Mile Creek, Oxford quadrangle, Ohio. Paratype,

Blanchester division of the Waynesville, Stony Hollow, Clarkes-

ville, Ohio.

ProbillingsiteE faLeri Flower, n. np. Plate 7, fij?s. 8-9

This species is erected for the reception of a form represented

in our material by a single living chamber. The type has a

maximum length of 40 mm. The suture of the basal septum is

not clear, but the septum itself is only slightly curved laterally,

though considerably curved verticalh'. The suture is 2 mm.
from the apex on the venter and 12 mm. from the a])cx on

the dorsum. The ventral profile is convex, the curvature strong-

est near the middle. Tlie dorsum is faintly convex adapically,

but concave over the greater part of its length. The shell has a

basal width of 25 mm., which increases to 26 mm. and contracts

to 21 mm. at the aperture. The height of the shell attains 21

mm. at the position of the dorsal saddle of the basal suture

bounding the type. It contracts gradually orad to 16 mm. at the
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aperture. The aperture is inclined apicad on the venter, but no

clear sinus is developed.

Discussion.—Clearly only the living chamber is known of this

species, and its holot\pe is comparable to the paratype of Probil-

lingsites oxjordcnsis. It agrees with that species in the almost

parallel lateral outlines, but is much larger, being about twice the

size of that species, and is considerably more strongly curved.

Type.—Holot}pe, University of Cincinnati Museum, No.

24208.

Occurrence.—Lower Whitewater beds, Little Four Mile Creek,

Oxford quadrangle, Ohio. Charles L. Faber Collection.

Genus SCHUCHERTOCERAS Miller

Genotype.

—

Ascocpias antico.<itiense Billings.

Schuchrrir.c, ras Miller, A. K., 1932, Univ. of Iowa Studies, Studies in

N.at. Hist., vol. 14, No. 4, pp. 28-.S2.

This is known only from mature shells which retain with the

living chamber rarely more than four camera. The shell is gib-

bous, generally slightly wider than high. The septum of trunca-

tion is deep, rounded, often blending with the outline of the re-

mainder of the shell so that its suture is not evident. It is fol-

lowed by a basal septum, with an oblique but straight suture,

and then by a variable nxmiber of ascoceroid sigmoidal septa which

are oblique, sloping orad from venter to dorsum, but laterally

the sutures benrl abruptly orad and a little ventrad, and then turn

gradually dorsad, forming dorsal saddles which are broader

adorally than basally. Generally the ascoceroid sutures are fused

laterally and may or may not become discrete on the mid-ventral

region. A peculiar feature of the genus is the form of the si-

phuncle in the first camera. The outline simulates that of two

and sometimes three segments, leading to the conclusion that

more basal septa were present in the ancestry of this genus, the

septa being lost while the segments of the siphuncle still retain

trace? of the vanished camerse.

ScJiuchertoccras is sometimes difficult to distinguish from Bil-

lingsites, which it resembles closely except for the presence of
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the basal septum. However, sometimes the septum of trunca-

tion ma\- blenrl perfectl}' with the outhne of the rest of the shell,

leaving no visible suture. In such .cases, the suture of the basal

septum may appear to bclon,:,^ to the septum of truncation, au'l

sitch shells may resemble Billiiu/sitcs. although in that genus the

septum of truncation normally does not show a clear suture.

However, in order to determine the generic position of some of

the Ohio species it has been necessary to report to sections in

order to determine whether a basal septum was present or not.

Happily it was shown in sevcr.'d of the species, notabl}- in .S". ob-

scivruni of the Waynesville ^ind 6^. discrctiun var. minor of the

Whitewater. Two of the species described here are from the

manuscript of the late Dr. I'oerste. Both were referred to

Billingsitcs. I am uncertain whether Dr. Foerste found the gen-

era as difficult to distinguish as I have, or whether these de-

scriptions were written prior to the description of tlie genus

Schuchertnceras.

The described ?pecies of ScJmclicrtoccras outside of the Cin-

cinnati area arc few. Tlie genotype, S. crJicosficiisr (Billings),

is from the l^nglish Head and Vaureal formations of Anticosti.

.S". neivbcrryi (Billings) is from the English Head formation of

the same region. Schuchertoceras logani (Cooper) is from the

Whitehead formation of Gaspe. S. troedssoiii Foerste of the Kall-

holn limestone of Norway and S. nrrzv'.'gicuni (Barrandc) has

also been referred to this genus. Miller has listed these species

imder Schuchertoceras and has also noted the probable occur-

rence of the genus in other areas, including the Cincinnati region.

Miller (1933) subsequentl}' dcsci'ibed u. fhornasi from the ]\Ia-

quoketa shale of Iowa.

All of the ascoceroid conchs, witli one i)Ossible exception, of the

Cincinnati region, are referred to Sclmchertoccras. These are

S. obsciirum Flower, n. sp., of the Wfiynesville, S. discrctum

(Foerste) of the lower Whitewater, .S". discrctiun var. minor

Flower of the lower Whitewater. .S". ncniculatitm Flower of the

lower Whitewater, .S". distinctum Flower of the Saluda. S. rotun-
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dum Flower of the upper Whitewater, and 5". prolongatum

Foerste of the Flkhorn. There are in addition fragments sug-

gesting that possibly other species may Jtill await discovery. At

least one such form is represented b}' material too fragmentary

to deserve description.

Of these species S. distinctum is the only one known showing

clearly both the suture of the basal septum and that of the sep-

tum of truncation. This species is primitive in the very slight

inflation of the dorsal lobes of the ascoceroid septa, and probably

approaches closer to ProhiUiiigsites than any other member of

the Ascoceratidse. Unfortunately the structure of the interior

of this interesting form is still unknown. The older S. obscurum

is more specialized, both in the loss of the suture of the septum

of truncation and the perfection of the ascoceroid septa. Cur-

iously, two of the species of SchucJiertoceras show a strong su-

perficial resemblance to species of BiUingsites. S. discretum is

very similar in aspect to BilUunsitcs landcrcnsis Foerste (1935,

p. 20, pi. I, figs. 4-5) while S. prolongatum is very similar in

shape and sutures to BiUingsites acvAus Foerste (1928, pi. 28) of

tl^e Enf;lish Head of Anticosti, but neither is closely allied to any

species of ScJiiicJicrtoceros thus far described. 5*. rotundimi is

perhaps closer to BiUingsites canadensis (Billings) than to any

other species in general proportions and aspect. Yet the posi-

tion of these species in SchucJiertoceras is established beyond

doubt, and there is no reason to suspect that the comparable de-

scribed species do not belong in BiUingsites.

Schuchertoceras distinetum Flower, n. sp. Plate 5, fig. 1

Conch small, the mature shell being 41 mm. long, expanding to

a height of 21 mm. and a wddth of 23 mm., 20 mm. above the

base, and contracting to 16 mm. and 20 mm. at the aperture.

The ventral profile is almost uniformly convex, tlie dorsum very

faintl}' convex, nearly straight. The lateral profiles are evenly

roimded. This species differs from all others encountered in

the Cincinnatian in that the septum of truncation does not blend

with the remainder of the shell in outline and its suture and the

suture of the basal septum are distinct. The suture of the sep-
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turn of truncation is stronj;l> oblique, straiji^ht laterall}- and dor-

sally, but formin^f a distinct lobe on the ventral side. The suture

is 3 mm. from the apc.x ventrall_\- and u mm. from the apex doi-

sally. The septum of truncation is deepest close to the venter

where t'le siphuncle is located. The suture of the basal septum

is oblique. essentiall_\ pn;: Ilcl to that of the septum of trunxation

except that it lacks a distlr.ct lobe on the venter and is straight

there tliou';Ii obliciue. The iirst two sul ires are 2^2 nMM. apart

on the vetiter and a mm. apart on the dursum. Idic third sep-

tum forms a clearer saddle on the dorsum and ie^cml)les some

of the sutures of ProbiUlii jsitcs, not being sigmoidal. It is i mm.
from the ]>receding suture on the venter, and 7 mm. on the dor-

rum. 1"his suture is joined laterally by that of the next two

septa. These two sutu: cs together depart from their junction

with the third on the venter, but are less than i mm. from it. On
tl'e dorsum the_\' rise in a gently undulate sigmoidal curve and

form the usual sadd.lcs which are convex ado'/ally and rather

narrow. IT^c Iirst of these is 9 mm. from the preceding suture

on the dorsum and the la^t is 4 mm. f._it]Kr orad.

Discussion.—This species is larger and less evenly rounded in

form than the Wa}nesville vS". obscitrmn. It is smaller than either

S. discrctum or S. discrcinni var. minor, and the adoral part of

the shell is less slender. The remaining species of Sclmcherto-

ccras in the Cincinnatian and elscwliere are broader, have broad-

er and flatter sigmoidal scjita q:\ the dorsum, and sutures which

a""* more angular laterally at tlie inception of the dorsal saddles.

The distinctness (;f tlic four visible sutures on the venter, which

do not separate fartlicr on the mid.- ventral region, and the lobe

of the suture of the septum of t''uucativ>n. are distinctive features,

as is tlie failure of the septum of truncation to blend so perfectly

v/ith the outline of the shell that its suture is not evident. The

Whitehead and Anticnsti species arc clearly distinct from this one

in these features. Tlie s|>ecies which is most similar to this is

the somewh;;t larger .S\ discretiuv. and its variet}', but there are

important sutural differences as well as differences in shell pro-

portions.
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This species appears to be a relatively primitive one for Schu-

chertoceras, in the distinctness of the septa on the venter, the

failure of the sutures to become discrete over a narrow mid-

ventral region, and the imperfection of the ovoid surface at the

base of the specimen. A section of the type has failed to reveal

the structure of the siphuncle.

Type.—Holotype, Shideler Collection, Miami University.

Occurrence.—From the Saluda formation, near head of a

west of Oxford, Ohio,

small stream, 150 yards north of the Mixerville Pike, five miles

Schuchertoceras obscurum Flower, n. sp. Plate 6, figs. 4-5; Text fig. IB

The holotype, and only known representative of this species,

represents a nearly complete mature shell, the apical portion

missing due apparently to natural truncation. The shell is 38

mm. long, attaining a maximum width of 23 mm. and a height

of 19 mm. near the center, and contracting to a width of 17 mm.
at the aperture, where the height is unknown, since the dorsum

is lost adorally by weathering. In vertical profile the venter is

clearly more convex than the dorsum, more curved apicad than

orad, and blends in outline with the deeply rounded septum of

truncation.

The exterior of the specimen shows a strongly oblique suture

separating the septum of truncation from the rest of the shell.

Apparently this is identical or nearly so with the suture of the

basal septum on the venter, which can scarcely be distinguished.

On the dorsum the suture of the basal septum is not clearly

seen externally due to weathering, but lies 3 mm. orad of the

septum of truncation. Two other sutures are shown on the ex-

terior of the specimen, both ascoceroid. The first, barely sig-

moidal, crosses the dorsum 4 mm. from the basal septum. The

second is not so strongly modified as in other species of this

genus. It is sigmoidal, and gently sinuate throughout its free

portion, not tran.sverse for any distance on the dorsum, and

narrowly rovmded at its point of departure from a course paral-

lel to that of the basal septum on the sides.
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A vertical section of the type (text fig. iB) revealed the

course of the basal septum and the siphuncle between the basal

septum and the septum of truncation. The septal necks are

sharply recurved. Tlie connecting ring is thick and forms a seg-

ment consisting of two expanded portions, an adapical portion

vrhich is faintly biconvex, and an adoral portion which is broad-

ly expanded. The constriction between these two regions is

gentle and does not suggest two siphuncular segments in out-

line as in the case of those species which have been illustrated

in section by Foerste (1928) and Miller (1932, 1934).

Discussion.—^From the exterior it is not always obvious

whether a mixochoanitic cephalopod should 'be assigned to

Billiiif/sifes or Schuchcrtoccras, because specimens of the latter

genus may be preserved with the suture of the septum of trunca-

tion practically in contact with that of the basal septum, or one

or the other may be so obscure that only a single normal suture

is evident on the shell. This species may be distinguished from

all Ascoceratidae of the Cincinnati area by its small size and its

oval form.

In comparing tliis with the four other described species of

Schuchcrtoccras, S. anticostiensc (Billings), S. newberryi (Bil-

lings), S. logani (Cooper), and .S'. troedssoni (Foerste), some

diffi,culty is encountered owing to the variation shown by the few

figured specimens assigned to certain of these species. Unfor-

tunately specimens are so rare, usually rather distorted, while

nothing is known of the possibilities of variation within any of

these species in regard to size, as well as position and form of

the sutures, simply because enough good specimens have not

been brought together to serve as a basis for any such study. All

of these species have the ascoceroid sutures either forming a lobe

over the center of the dorsum, or straight and transverse

over the dorsum for a considerable distance. In the spe-

cies described here the sutures from saddles over the entire dor-

sal surface. Another peculiar feature of the species is the re-

markable proximit}' of the sutures on the ventral side of the

shell. The suture of the septum of truncation is here apparent-
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ly identical with that of the basal septum, and is separated by

less than i mm. from nhat appears externally to be the ventral

part of one of the ascoceroid septa.

Type.—Holotype, collection of W. H. Shideler, Miami Uni-

versity.

Occurrence.—From near the base of the Blanchester division

of the Waynesville, Dry fork of Elk Creek, ^,4 mile east of road

south from Jacksonburg, Ohio.

tichiichertoccras discrctum (Foerste), n. sp. Plate 7, figs. 10-11

BiUiiujsitcs discretuK, nt'V/ species, Foerste, ins.

Original description.—Tlie hoiolype is Gl min. long, its basal cud origin-

ally being about 1 mm. longer. Its maxinuun lateral diameter, 34.5 mm.,

is above its base, and lierc the dorso-ventral diameter is 31 mm. The su-

ture of 'lie septum forming tlie base of this specimen is almost straight

on lateral view, and rises from an elevation of 3 mm. on its ventral side

to 20 mm. dorsally. Above this basal suture the ventral outline of the

conch has a radius of convex curvature of 50 mm., the corresponding dor-

sal outline being only faintly convex except near its top where it becomes
slightly concave. Above this basal suture there are tiiree additional su-

tures, which are closely approximate ventrally, but which rise abruptly

near the middle of the lateral side so as to form tall dorsal saddles con-

spicuously remote from each other. The lowest of these three saddles has

an elevation of 20 mm. above tlie base of the specimen, the next one has

an elevation of 43 mm., and the top one has an elevation of 50 mm. The
cliaracteristic feature of this specimen is the presence of u distinct inter-

val between the suture of tlie septum at the base of the specimen and the

lowest one of the three overlying sutures on the ventral side of their

course. This interval equals 1.5 to 2 mm. along the middle part of the

lateral side of the conch. Another feature, found in several specimens,

is the considerable interval between the lower and middle one of the three

conspicuous dorsal saddles, compared with the intervals immediately above
raid below.

Occurrence.—Little Four Mile Creek, 7 miles north of Oxford, Ohio

;

in the basal part of the Whitewater formation.

Disc%is.sion.—The above description, quoted from Foerste's

manuscript in full, is based completely upon the holotype. This

ST)ecimen was sectioned, after being photographed complete, to

determine whether a basal septum was present as was suspected

from the sliglit elevation of the first suture. UnJiappiiy the holo-

type failed to reveal structure other than that of a gastropod

which was found within it, and some Hornotrypa, probabl}- //.

zvortlicui, tlie septa being completely destroyed exce[)t for their

sutures. However, on the basis of the probable conspecific na-

ture of another specimen, described below as Sckuchcrtoceras

discretum var. minor, the structure of the interior is made known.
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The presence of a basal septum is established on the basis of this

specimen which externaUy is ahiiost identical with "Billincjsites"

discretus except for the smaller size and the sliri^htl}' different

spacing of the septa.

This species is a relatively slender Schnchertoccras, with the

greatest height of the shell attained at the level of the dorsal

saddle of the first ascoceroirl septum. The dorsal lobes are

rounded and convex orad throughout. Other species have

broader and more nearly flat or more concave dorsal lobes, and

are generallv- more gibbous.

Type.—Holotype, collection of Dr. W. H. Shideler. Miami

University.

Occurrence.—Lower Whitev/ater formation, Little Four Mile

Creek, Oxford quadrangle, Ohio. Distorted specimens, doubt-

fully identical, are, one other from the same locality and another

from the same horizon at Dodge's Creek, near Oxford, Ohio.

Schuchcrtoceras t'ificretum var. minor Flowf^r, n. var.

Plate 6, figs. 1-3; Text fig. IC

This form resembles 6". discretum in general conformation and

tlie course of the sutures, but differs in being considerably small-

er and in having the greatest diameters attained at an earlier

point on the shell. The variety shows some additional features

which cannot be compared with S. discretwn as they are not

known from the typical representatives of that species.

The shell is 50 mm. in length, in contrast to the 61 mm. of

t}pical S. discretum. The greatest height is 28 mm., the width

26 mm., which are attained 15 mm. above the base of the speci-

men, at a region Iialfway between the first two sutures, at about

the point where a slight ridge on the dorsum simulates a su-

ture, and would have been mistaken for one had not the pres-

ervation of the interior shown otherwise. The venter is near-

ly uniform in curvature in profile, the dorsum is convex adapical-

ly and straight adorally. The type has apparently Ix^en com-

prcs'^'^''^ bv pressure, thougli nnh- very slightly, and preservation

of internal features is excellent.

The first suture is strongly oblicjue but sinuate upon ap-
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preaching the mid-/entral area. On the venter two sutures are

visible, i mm. apart. On the dorsum only two ascoceroid septa

are developed. The first of these is much farther from the nau-

tiloid suture than in typical S. discrctuni, being 17 mm. from it

and only 5 mm. from the next suture. The dorsal lobes of these

two septa are slightly narrower than in the type of S\ discretum.

A vertical section showed two segments of the siphuncle at

the base of the specimen. These are broadly expanded bicon-

vex segments, such as are found in conjunction with the asco-

ceroid septum, but not normally in conjunction with the basal

septum. The first of these lies between the basal septum and

the septum of truncation, the substance of which is not pre-

served, the specimen being an internal mold. Even the mold

is imperfect, the surface being poor especially on the venter

w^here the camera was filled with ,calcite. A third segment of

the siphuncle is not preserved. This is shorter than the other

two, and lies between the two ascoceroid septa.

Discussion.—This species is very similar in aspect to S. dis-

cretum, but is considerably smaller, and shows differences in

the narrower dorsal lobes of the sutures, the earlier attainment

of the greatest width and height, and the more evenly arched

dorsal lobes of the sutures. Although a considerable array of

minor differences can be found, it is not certain whether they

may fall within the normal range of variation within a mixo-

choanitic species, or whether they represent sexual dimor-

phism. Data do not exist for comparison of these forms, since

the known comparable specimens, in addition to these two types,

consist of only three other specimens. Two are badly flattened,

while a tliird, though rather weathered and slightly flattened,

agrees almost precisely in proportions and in the position and

course of the sutures with S. discretum var. Diinor.

Type.—Holotype, W. H. Shideler Collection, Miami Univer-

sity.

Occurrence.—The type is from the lower Whitewater horizon

from Little Four Mile Creek, 7 miles north of Oxford, Ohio.

The only other identical specimen is from the Rhynchotrcma
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dentata zone, upper Whitewater, from Dodge's Creek, near Ox-

ford, Ohio.

Schuchertuccras prolongatum (Foerste), n. sp. Plate 6, figs. 10-11

BilUn(j.siti:i prnioitgatum, now species, Foerste, nis.

Original description.—The holotype is apjooximately 76 mm. long. Its

maximum lateral diameter, 42 mm., is located 45 mm. above its base. The
lateral outline has a radius of curvature oi' 90 mm., shortening to 12 mm.
at the base. Its dorso-ventral diameter, in the present condition of the

specimen, is 34 mm. but originally was evidently greater. The upper-

most dorsal saddle reaches an elevation of 65 mm. (from the base of the

specimen). The one next beneath reaches an elevation of 55 mm. There
is room for a lower saddle, but none is distinctly outlined, at least along
its crest. The suture of the septum forming the base of the specimen
rises to a height of 20 mm. dorsally and is assumed to sink to an eleva-

tion between 11 mm. and 13 mm. ventrally.

Bemarks.—This specimen is characterized by its large size and elongate
form.

Supplementary notes.—The clarity of the septum at the base

of the specimen and its suture suggest that this species is prob-

ably a Sclmchertoceras rather than a Billingsites, the same phe-

nomenon being demonstrated by the internal structure to have

a similar significance in S. discretum var. minor.

This species may be distinguished by the very deep conical

septum of truncation, the large size and slender form, and the

very high arched saddles of the two sigmoidal septa known.

The species which is most similar to this one in general as-

pect belongs not to Sclmchertoceras but to Billingsites. Billing-

sites acittus Foerste (1928, p. 261, pi. 38, figs. 1-3) of the English

Head of Anticosti is of somewhat similar proportions, but the

septum of truncation is more strongly conical, the sigmoid su-

tures are more abruptly bent laterally, the saddles are broader

and are concave adorally in the center.

Type.—Holotype, W. H. Shideler Collection, Miami Univer-

sity.

Occurrence.—Two and one-tenth miles west of Hamburg, In-

diana, road metal quarry 1/4 niile north of road bridge, upper

Elkhorn beds.

Schuchertoceras of. prolongatum (Foerste) Plate 6, figs. 9; Text fig. IC

Under this name a single specimen is described and illustrated
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which is of special interest for the internal structure preserved.

Ihe type is an internal mold, much weathered externally and

incomplete adorally, and with the hase of the specimen poorly

preserved owing to hlliny with friable calcite. The shell is 6j

mm. in length, expanding from a blunt apex to a height of 37

mm. and a width of 39 mm., in the basal 40 mm., and contract-

ing at the adoral end to a width of 34 mm.^d a height of 27

mm. The ventral profde is almost uniformly ,convex with a

radius of curvature of 70 mm. The dorsal profile is faintly con-

vex adapically and still convex but less curved adorally. The

lateral outlines are convex.

The sutures are poorly shown at the base of the specimen,

and the septum of truncation is not clearly preserved. External-

ly it can be seen that the sutures are strongly oblique, sloping

apicad on the venter, but the exterior does not clearly show tlie

suture of the basal septum on the dorsum. Ventrally the basal

septum can be made out, and orad of it two sutures of ascoceroid

septa form shallow saddles as in many species of both BiUings-

ites and Schuchertoceras. These are very obscure and fail to

show in section. The saddles of the two ascoceroid septa de-

part from the general course of the sutures near the dorsum, be-

ing only 30 mm. apart at their base, but the larger saddle attains

a width, measured across the curved dorsal surface, of 70 mm.

The tv/o sutures are rounded and convex adorally. The first

crosses the dorsum 46 mm. above the base of the specimen, the

second 57 mm. above the base.

In section, the type shows only two septa crossing the shell

from venter to dorsum. Apicad of the first, which is not clear

ventrally, being obscured by calcite, are two prebasal segments

of the siphuncle in the usual position. These are biconvex but

not broader than high. Between the basal septum and the next

is a faintly preserved segment shorter and broader and strongly

expanded. The last septum when traced dorsally splits to both

of the ascoceroid dorsal saddles. Ventrally it fails to swing for-

ward as far as the two faint adoral sutures, which may be ad-
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ventitious structures.

Discussion.—The type, if slightl\ flattened verticall\- by crush-

ing and ahu3 sHghtly elongated by the same process, will approach

very closely in proportion to the holotype of S. prolongatuin of

the F^lkhorn. Tlie spacing of the two ascoceroid septa of the

two specimens agrees very closel\", but the dorsal saddles are

broadened in the holotype, which thus presents a rather differ-

ent aspect. Nevertheless this Saluda specimen does not seem to

be distinct enough to be placed in a separate species. The basal

septum does not appear to be as deep but is imperfectly pre-

served.

Type.—Figured specimen. University of Cincinnati, No. 24209.

Occurrence.—From the Saluda beds, Shera farm, near Ox-

ford, Ohio. Collected by M. S. Chappars.

Schiichertoceras geniculatum Flower, n. sp. Plate 7, figs. 3. 4

The mature part of this species is broad and gibbous. The

basal part of the shell is detached in outline from the remainder,

an unusual phenomenon, as the basal septum is usually so aligned

with the rest of the shell that its suture is not evident. At the

suture the shell has a width of 25 mm. and a height of 22 mm. In

22 mm. this increases to 33 mm. and 28 mm., and in the remain-

ing 9 mm. the shell contracts to the incomplete adoral end with a

width of 29 mm. and a height of 22 mm. The shell expands over

the basal two-thirds of the living chamber, the dorsum and venter

diverging and being but slightly convex in profile. At the point

of gibbosity the ventral profile became abruptly bent and is then

nearl)- straight apparently to the aperture.

The basal septum is marked by a suture which is slightly but

not markedly oblique. The septum itself is not so rounded as

usual. It is on the basis of the suture that this species is assigned

to Schucliertoceras, and it is even possible that the type may bear

at its base the basal septum, and that the septum of truncation

may have been lost, probably by weathering. In addition, three

ascoceroid septa are preserved on the dorsum. These unite into
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a single suture laterally. These sutures are not preserved over the

mid-ventral region ; so it is uncertain whether, as in some other

species, they separate at the mid-ventral region. The sutures

form an angle where they begin their ascoceroid development on

the lateral region. The first suture is transverse nearly over the

dorsal half of the shell, the two later sutures form broad shallow

lobes on the dorsum. Nothing is known of the internal structure

of the species. An unusual feature of the type is the preservation

of some of the shell near the adoral end. No surface markings are

shown.

Discussion.—In the form of the sutures this species is more

typical of Schuchertoceras than 5". obscurum. The geniculate

ventral profile and the gradual expansion of the shell to a point

not far from the aperture followed by a rather abrupt contraction

give this species a shape unlike that of any other described

species, where the form is much more evenly rounded.

Type.—Holotype, collection of Dr. W. H. Shideler, Miami

University.

Occurrence.—From the upper Whitewater beds, Beasley Creek,

just below bridge north of Camden, Ohio.

Schuchertoceras rotundum Flower, n. sp. Plate 7, figs. 1, 2

The holotype is 56 mm. in length and slightly incomplete ad-

orally. In vertical profile the dorsum is slightly convex, the

venter more strongly curved, the curvature being apparently near-

ly uniform throughout on both dorsum and venter. The lateral

outline is slightly convex. The venter is partially lost by weather-

ing on the type. The shell expands from a blunt apex to a width of

33 mm. and an estimated height of 30 mm. in the basal 35 mm. of

the specimen
; 45 mm. above the base, the shell has contracted to

27 mm. and 21 mm. at the level of the last dorsal saddle.

The septum of truncation is apparently well blended with the

outline of the shell. It is weathered in the type. The suture of

of the basal septum is 14 mm. above the base on the dorsum and

5 mm. above the base on the venter. This is followed by three

ascoiceroid septa which develop dorsal lobes which expand later-
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ally atlorally irum the lateral angle aiul are straight and trans-

verse over the dorsal surface of the shell. The first saddle rises

II mm. above the sutures of the basal septum on the dorsum, the

second is 14 mm. farther, and the third 8 mm. beyond the sec-

ond. The sutures of the last two are fused, but the siiture of the

first ascoceroid septum is close to but distinct from the others

laterally and ventrally. The adoral dorsal saddles are wide and

can be seen on the ventral side of the shell.

Discussioi.—This species is distinctive in the very broad dor-

sal saddles, a feature which will distinguish it from the associated

S. discretuni, S. distinctmn, and S. prolonyatum. S. getiiculatum

has similar broad saddles, but the shell is much shorter, expands

to a point of greatest diameter which lies much farther orad on the

shell, is shorter in proportion to its diameters, and has the lateral

part of the ascoceroid septa more strongly inclined verrtrad. These

two species are not at all similar in aspect. No described species

of Schuchertoceras is very close to this one in size or aspect. The

rounded form produces a superficial resemblance between this

species and BilUngsites canadensis (Billings) from the English

Head formation of Anticosti. That species has no basal septum

and is not congeneric with ScliucJiertoceras.

Unfortunatel , the only available representative of this species

has the venter badly weathered, so much so that the siphuncle

and the ventral parts of the sutures are lost.

Type.—Holotype, W. H. Shideler Collection, Miami Univer-

sity.

Occurrence.—From the upper Whitewater formation between

the top of the Saluda and the Rhynchotrcnia dentata zone,

:\IcDiirs Mills, Four Mile Creek, near Oxford, Ohio.

SECONDARILY CVSTOCHOANITIC CEPHALOPODS

Superfaiiiily ONCOCEROIDEA Flower, new name

In the secondarily cyrtochoanitic cephalopods, those which

show suborthochoanitic early stages followed by cyrtochoanitic

segments in the ephebic siphuncle, are placed most of the cyrto-

conic genera of the Ordovician. I have recognized in this group
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four main divisions which have already been noted in the discus-

sion (jf the ancestral suboithochoanitic cephalopods. Tentatively,

family names are employed for these divisions, even though they

are of ver}- unequal size, and one, the Oncoceratidge, appears to

have given rise to many other families in the Silurian and Devon-

ian, while the remaining families either disappeared at the close

of the Ordovician, or else gave rise to other types the relationship

of which has not been established. The families may be sum-

marized in their simplest terms as follows

:

Alluuiettoceratida:.—Exogastric shells of depressed section,

ventral siphuncle, with segments which are cyrto,choanitic and

empty. Conch faintly curved or secondarily straight.

OncoceratkUE.—Exogastric sbells with vontral empty siph-

uncles differing from the Allumettoceratidse in a compressed sec-

tion. Whereas the Allumettoceratida^ tend in their development

to produce longiconic shells, approaching the "Orthoceras" type

except in cross section and the marginal siphuncle, the Oncocera-

tidae remain in the main curved shells and are frequently brevi-

conic.

Valeouroccratid cr.—Exogastric compressed shells with ventral

siphuncles, differentiated from the Oncoceratidse by the develop-

ment first of a thickening of the connecting ring, and finally the

expansion of this thickening into actinosiphonate deposits.

Dicstoceratidcc.—Compressed straight or faintly endogastric

breviconic shells with marginal siphuncles characterized by dis-

crete and frequently irregular "actinosiphonate" deposits.

Some of the problems involved in tracing the relationships of

these families have already been discussed in connection with the

suborthochoanitic cephalopods from which they are believed to be

derived. Thus conclusion is based upon the prevalence of a

suborthochoanitic siphuncle in the early growth stages of

Allumettoceratidse, Oncoceratidse, and Valcouroceratidse in the

Chazyan, where, happil}', a considerable number of very early

stages of members of these families were found in a state of pres-

ervation suitable for careful study by means of sections. General-

ly such early portions of the shells are missing, and such Middle

and Upper Ordovician forms as I have found retaining relatively
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early stages are very frequently recrystallized adapically so that

the structure of the siphuncle cannot Ije made out clearly. There

is also some indicati(jn that Mohavvkian and Cincinnatian species

have progressed tachygenetically beyond those of the Chazyan,

so that the suborthochoanitic stages are pushed farther apicad if

they are not completely lost.

The subortho.choanitic siphuncles found in the early stages of

the AUumettoceratidae, Oncoceratid?e, and Valcouroceratid?e, have

short though not aneuchoanitic necks and thin connecting rings

showing no differentiation of structure in different regions. They

are essentially identical with the siphuncles found in the adult

stages of the Chazyan Eorizoceras, Graciloceras, and the Canad-

ian Bassleroceras, and indeed the early stages of these secondari-

ly cyrtochoanitic cephalopods recapitulate the condition found in

the adult, and continued so far as known, throughout the entire

phragmocone, of the suborthochoanitic cyrtoceracones with ven-

tral siphuncles. The suborthochoanitic types are known to ap-

pear as low as the Lccanospira zone of the Middle Canadian, and

are probably actually even more ancient, and to decline after the

close of the Chazyan, even though Graciloceras persists to the

Cincinnatian. The secondarily cyrtochoanitic cephalopods on

the other hand are not known prior to Chazyan time, where each

of the families is represented by simple and apparently primitive

types. They attain more diversity in the boreal Black River

and lower Trenton faunas, a second development in the boreal

late Trenton and Richmond, with secondary and apparently minor

developments in the less well-known austral upper Trenton and

Covington faunas. Certainly the Oncoceratid?e gave rise to

further specializations in the Silurian, and it is not impossible

that some actinosiphonate Silurian and Devonian types may be

traceable to the Valcouroceratidae. The relationship of Devonian

genera is less well established, although it has been possible to

trace one family, the Brevicoceratidse to Silurian Oonoceras and

thence to the Ordovician Oncoceratidse. The ranges show that in

contrast to the suborthochoanitic cephalopods, the secondarily
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cyrtochoanitic nautiloids were a relativel\- late development, and

one which enibrace most of the cyrtoconic genera ol' the Ur-

dovician, Silurian, and Devonian. The range of tiie two groups

and the ontogenetic progress-ion of tlie Ciiazyan cyrtochoanitic

genera indicate bcN'ond any reasonable doubt the origin of the

group in the suborthoclioanitic cephalopods.

The next question vvliich arises is whet'her the cyrtochoanitic

structure is an indication of a common cyrtochoanitic ancestor of

the four families, or whether parallel development might have oc-

curred in various parts of the subortliochoanitic group which was

highly diversihed before cyrtoclioanitic structure made its appear-

ance. The Valcouroceratidtt were clearly derived from simpler

compressed cvrtocones with thin-walled siphuncles, such forms as

are clearly embraced in the Oncoceratidse. Further, the oldest

genera of each family are, in the achilt, still cjuite similar in form,

being exogastric brevicones inllatcd on or near the living chamber

and more or less contracted at the aperture. More slender shells

developed in each family later. The origin of the Diestoceratidse

is obscure, as there is scant adult morphological evidence and the

early stages have not lieen found in a state suitable for detailed

studies such as were possible for the other families. However,

the siphuncles are knovi'n to become gradually more slender when

traced apicad, whicli su-ggests that they too may have had a sub-

orthochoanitic origin. Further, the siniilarit}- of the one young

phragmocone known to I'alaniroccras suggests a close relation-

ship with the simpler Valcouroceratidse. As there is at the pres-

ent: time no evidence which seems to oppose such a view, I have

derived them from the Valcouroceratida;, with which they agree

in the cempressed section, though their early exogastric condi-

tion is not always evident.

The Allumettoceratid?e present a different problem. Though

unquestionably suborthoclioanitic in ancestry, these shells show

a strongly flattened section at the earliest stage observed. This

suggests, though it does not necessaril)- prove, that they arose

from some other subortho&hoanitic stock, perhaps a group of

suborthoclioanitic cyrtoceracones in which the section had already
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become broad instead of narrow. However, it is necessary to

recognize that other possiliihtics cxi»-,t. It may be tliat the change

in tlie cross section a});)eared C(rnfjgeneticall\ and dominated the

whole shell suddeni\. 'Hiere is no evidence of a proterogenetic

sequence. Fnrth.cr, at the present time no subortlioclioanitic

cyrtoceraconcs arc kncnvn witli a depressed section which are like-

ly ancestors of these form<. Onycliociras of the Canadian is

aneuchoanitic and has complex rings n(;t unlike those of

Cyclostoinicrras, \x\\\c]\ the writer jjelieves <Ieveloped primarily

and possil)ly conip)lctely in tlie cnr_\ siplK^nate instead ')f tlie

stenosiphonate line, l^vcn this concept, however, ma\' Ije con-

sidered o])cn to question. In the diagram figr.re O- the origin

of the .MlumettcjcerrtidcT is left as unce'tain.. with bot': possi-

bilities indicated.

Although it is believed by the writer tliat the present classifi-

cation approaches very close t(^ the genetic relationships of tlie

genera concerned, neveit^ieless. the possibilit}' arises that tire

taxonomic unit-^ ir.iy 1>€ homeomorphic. This matter is discussed

in connection wi'th tlie families themselves and occasionally, with

reference to specific genera.

Family ALLUMETTOCERATID/E Flov.er. n. fam.

The family Allumettocerati'Ia? is erected for sccondaril}/ cyr-

tnchoanitic shells which liave ventral si])huncles, suborthoehoa-

nitic in the early stages, but c^rto.choanitic, though sometimes

only slightl}' expanded throughout the greater lengtli of the shell.

In connection with the flattening^ of trie shell, the sut'.n-es tend to

develop lobes on the dorsum and ^•enter. .\s the venter is com-

monly more flattened, than tlie dorsum, the sutures generall}' form

dee])er lo'lx^s there. Th.e c\-rtoccMiic condition of tiiese shells is

slight and is best ?<eer. in tlie earl;, growth stages of Chazyan

species, th.ou;>h still ev'^'ent in even the adults of many Mohawkian

forms. The shells in general tend to develop toward an ortho-

conic rather than a cyrtoconic adult st.vge and the adoral parts

of the shells may often be described as orthoconic. l"he cross

section is always depressed,
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Only four genera are assigned to this family with certainty

at the present time. Alliimcttoceras, ranging from the Chazyan

into the Black River and basal Trenton, is ^elected as the type

genus of the family because it is much better known internally, due

largely to the study of undescribed Chazyan material. Specimens

of the genus are depressed in section, the venter flat, the dorsum

broadly arched, the sides rather narrowly rounded but not angu-

lar.

Tripteroceras is unknown in the Chazyan proper but is rather

widespread in the Middle Ordovician. The genus is discussed in

more detail below in connection with the closely allied Rasmus-

scnoccras. Typically, its section is subtriangular. As the shell

is traced orad dorso-lateral grooves appear on the surface and

widen until they serve to form flat or slightly concave faces

separating a mid-dorsal ridge from the lateral angles, which are

either so very narrowly rounded as to be subangular or actually

angular. The siphuncle is not adequately described and illustrat-

ed for any species of Tripteroceras.

Rasmussenoceras, discussed in detail below, grades into Trip-

teroceras, having a keeled Tripteroceras-Uke stage in the young,

sometimes persisting for half the length of the shell. The adult,

however, loses the median ridge and the dorsum becomes a very

slightly curved surface separated from the much flatter ventral

surface by lateral angles. In fact, tlie internal mold of this genus

presents the aspect of a Lamhcoccras rather than that of a Trip-

teroceras. The siphuncle of the genotype (Troedsson, 1926) is

narrow, longer than wide, and might almost be considered sub-

orthochoanitic. This genus is known from the Middle and Upper

Ordovician and appears to be strictly boreal in its distribution.

Tripterocerina Foerste differs from Tripteroceras in the de-

velopment of numerous longitudinal ridges separated by depres-

sions on the dorsal surface. It is known only from the genotype,

T. kirki Foerste, of the Fremont limestone of Colorado.

No members of this family have been recognized in the Silur-

ian. Some genera of similar aspect occur in the Devonian but

may be only homeomorphic with the Allumettoceratid?e. The

Devonian Tripleuroceras is an actinosiphonate genus superficially
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similar to Tripteroccras in gross features but distinguished by a

much larger and more strongly cyrtochoanitic siphuncle and

actinosiphonate deposits. (See Foerste, 1926, p. 308, pi. 32, fig.

4A-O; pi.
2)c>' ^S'^- 2A-B, 3A-C). Its affinities seem to be with the

Jovelaniidai, but the origin of this whole family is uncertain.

Eudoceras Hyatt (1884), based upon E. pandmn (Hall) of the

Schoharie grit, is superficially very similar to Rasmnsscnoccras,

but absolutely nothing is known concerning its siphuncle except

that it must have been ver\- small and was probably marginal. It

is possible that this genus may be related to Rasmussenoc eras

,

but it is equally possible that it may represent a case of noncon-

temporaneous convergence from quite a dififerent stock. It may
even have developed from truly orthochoanitic orthoceracones.

Genus TRIPTEROCERAS Hyatt

Genotype.

—

Ortlioccrus hastatum Billings.

Tripteroccras Hyatt, 1884, Boston Soc. Nat. Hist., Proc, vol. 22, p. 287;
Hyatt, 1900, Ceplialo}>oila in Ziitel-Eastmann Textbook Paleont., vol. 1,

1st ed.; Zittcl, 1884, Ilandb. Paleont., vol. 2, p. ;J70; Miller, 1897, North
Amer. Geol., Pal., 2cl App., p. 788; Clarke, 1897, Geol. Minnesota,
vol. 3, pt. 2, p. 791; i'oerste, 1924, Dcnison Univ. Bull., iSci. Lab.,

Jour., vol. 20, p. 2:!1 ; Foerste, 1926, ihid., vol. 21, p. ;^11; Troedsson,

1926, Meddelelsor oni Groonlaud, vol. 71, p. 4;i ; Foerste, 1929, Denison
Univ. Bull., Sci. Lab., Jour., vol. 24, p. ;i05; Foerste, and bavage, 1927,
Denison Univ. Bull., Sci. Lab., Jour., vol. 22, p. 46 ; Foerste, 1932,

ibid., vol. 27, p. 130; Foerste, 193.5, ihid., vol. 30, p. 48.

Tripteroccras consists of small straight or very slightly exogas-

tric shells of broadly depressed triangular section, the venter

broad and flat, lateral angles acute, and the dorsum divided by a

ridge or keel in the middle ; the dorso-lateral regions being flat

or slightly concave. The sutures describe broad rounded lobes

on dorsum and venter. The siphuncle is small, close to the

venter, and has been described as tuljular though apparently the

segments are very sligditly expanded within the camergc. The

lines of growth are very faintly convex over the dorsum but have

not been observed ventrally.

Discussion.—Tripteroccras has undergone a series of restric-

tions since its original description. Hyatt originally placed this

Ordovician genus in the Eudoceratidje and regarded this genus as

a derivative of the Devonian Eudoceras, from, which it differed
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mainly in the sliglit cyi toconic condition of the shell. He presents

it as a Silurian and Devonian genus, although the genotype is

Ordovician, as are all of the species, :.t least all of those from

America, which have currently or recently been placed here.

Foerste removed Lanibcoceras based upon Triptcroccras lamhei

Whiteaves, a broadly depressed genus without a dorsal ridge

which has a large cyrtochoanitic siphuncle and has subsequently

been found to belong to the Actinoceroidea and to have no re-

lation with Tripteroccras. Also Foerste (1926, p. 311) restricted

Triptcroceras to species with strongly rounded or angular lateral

angles, erecting the new genus .Uliimclfnccras for species in which

the lateral part of the shell is strongly rounded and the dorsum is

convex in cross section and without any trace of a keel. This

genus is well developed in the Chazyan and Black River.

Still remaining in Triptcroccras were species showing two

types of section, one in which the section was triangular and the

dorsum keeled. This group contains small species of the Middle

Ordovician, largely the Black River. Other species, ranging

from the Black River (Platteville) to the Richmond, show a sec-

tion in which the dorsum la'cks a keel but is only slightly more

convex than the venter. Such species, except for the fact that

their siphuncles are small, inconspicuous, and so fragile that they

are usually not preserved, resemble Lamheoceras very closely.

Foerste (1933) erected tlie genus Rasmussenoceras, based

upon Lambeoccras{ ?) Icvcannulatimi Troedsson of the Cape Cal-

houn formation of Greenland, for the species which differed from

Lamheoceras in having a slender suborthochoanitic or narrowly

cyrtochoanitic siphuncle. In erecting this genus he pointed out

the similarity of Rasmussenoceras with several species of Trip-

teroccras, in particular the Richmondi^n T. xiphias (Billings) of

Anticosti, but retained that species in Triptcroceras for reasons

which were not stated.

Tripterocerina Foerste (1935, p. 49) was separated from

Triptcroceras for the reception of a single species in which the

dorsum was not only keeled but fluted as in Kionoceras. It con-

tains only T. kirki Foerste of the Bighorn formation.
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In the present work Triptcrcceras is being even more restricted

and those species which resemble Rasmussenoceras in all known
features, are removed to that genus. Enough infoimation is not

available concerning the siphimcles to determine the relationship

of these genera with certaint\-, except of course for Lainbcoccras,

but the available information suggests close relationship within

the AUumettoceratidse.

AUumcttoccras, as kno^vn from undescribed Chazyan species,

is suborthochoanitic in its early growtJi stages, although later

stages of the siphuncle become subspherical though always rela-

tively small. Tripteroceras, sensit strictu, may be specialization

derived from this genus, although from all accounts the siphuncle

is not so broaddy expanded as in Jlluincffoccras. The little known

Tripteroccriiia seems to be a Tripteroceras in which the dorsum

has become fluted, though again the needed confirmation of in-

ternal structure is lacking. Rasinusscnoceras shows some onto-

genetic features suggestive of Tripteroceras, in particular the

presence of a very obscure but nevertlieless recognizable keel on

the dorsum in tlie early stages of growth of R. variabile of the

Richmond of Ohio, which leads to the belief that Rasnntsscnoceras

may be another specialized derivative from this group.

Eudoceras, which resembles Rasmussenoceras in most features,

but may be distinguished best by the rapid lateral expansion of

the shell and the relatively deep camerte, is known only from the

genotype from the Schoharie grit of New York. The structure

of the siphuncle is unknown. The origin of this genus cannot be

demonstrated. Tt might represent a Devonian derivative of this

general line of descent but may also be an independent but con-

vergent development from some completely unrelated stock. In-

asmuch as no species are known in the entire Silurian which serve

to bridge the very considerable stratigraphic gap between Trip-

teroceras and Rasmussenoceras of the Ordovician and the Devon-

ian Eudoceras, a genetic connection does not seem very likely in

the light of our present ratlier inadequate knowledge of these de-

pressed orthoceracones.
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No species of Tripteroceras occur in the Upper Ordovician of

the Cincinnati region. Lambcoceras richmondense was originally

described by Foerste at a time when he regarded Lambcoceras

as a subgenus of Tripteroceras. In the manuscript descriptions of

Cincinnatian cephalopods two species were described in terms of

Tripteroceras by Foerste. AdfHtional material has shown that

they represent a single species, iDut one which shows marked and

very deceptive changes in the rate of lateral expansion. On the

basis of the section this species is placed in Rasmusscnoceras

rather than Tripteroceras.

The known American species of Tripteroceras as here restrict-

ed are as follows

:

T. hasfattini (Billings). Paquette Rapids beds, Ottawa River.

T. planoconvexiini (Hall). Platteville limestone of Wisconsin,

also recognized by Foerste in the Chaumont of Ottawa. The

Ottawa form at least is a very typical Tripteroceras.

All other species appear to belong in Rasmussenoceras.

Genus RASMUSSENOCERAS Foerste

Genotype.

—

Lamhcoccras {?) Icvcomiulaiutn Trocilsson (1926).
Ba.smus.scnor'jra.s Foerste, ld?>'^, Dcnison Univ. Bull., Sci. Lfib., Jour., vol.

28, pp. 1-2.

Conch straight, strongly flattened, dorsum and venter slightly

convex but separated by sharp lateral angles. The sutures de-

scribe broad rounded lobes on dorsum and venter which are sep-

arated by prominent angular or subangular lateral saddles. The

siphuncle is small, close to the venter, composed of small slender

segments which expand only very slightly in the camerse, the

septal necks being essentially orthochoanitic. No deposits are

known in the siphuncle or camerse.

Discussion.—Foerste separated this genus from Lambcoceras

on the basis of the form of the siphuncle. Indeed, it resembles

that genus perfectly in all respects except the outline and structure

of the siphuncle. Previously only the genotype has been placed

here, R. lez'eannulatitm Troedsson (1926) of the Cape Calhoun

formation of northern Greenland. However, if the genus is to be

recognized at all, it seems necessary to include within it, in addi-

tion, a large number of those species which have formerly been
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placed in Tripteroccras, but which agree with Rasmussenoccras

and differ from typical Triptcroceras in that the dorsum is not

divided by an angular ridge, and the section is digonal rather

than trigonal.

Some species which are typical in form of Rasnmssenoceras,

including the Richmondian species described below, show affini-

ties with typical Tripteroccras in the development of a faint dorsal

keel in the earlier stages of the shell. This suggsts that Ras-

mussenoceras is a specialization grown out of Tripteroccras, and

if this ctmclusion, strongly indicated by all of the available evi-

dence which is, however, incomplete, is correct, there may be no

natural dividing point between the two. Foerste in describing

Rasmussenoccras compared it with Tripteroccras xipliias (Bill-

ings) and T. schofield i Foerste pointing out similarities with those

species, though indicating no differences, stating, however, that

these species were to be retained in Tripteroccras. While the di-

vision between genera is often arbitrary, there seems to be no

good morphological basis for arriving at Foerste's conclusion. If

Rasinusscnoceras is to be recognized as distinct from Triptero-

ccras, it must be used to include those species which agree with

R. leveannulatum in section and differ from the genotype of

Tripteroccras in having the dorsum rounded and convex, at least

in the ephebic portion, but lacking a distinct mid-dorsal keel.

The morphological evidence is admittedly incomplete, for the

siphuncle is only very poorly known in practically all of these

species which I am transferring to Rasmussenoccras on the basis

of the section of the shell. In the Richmondian species described

below, the siphuncle is very small, suborthochoanitic, and its

walls are so thin that the structure is preserved in only one of

the specimens, and even the septal foramen is only rarely and

faintly indicated on the best preserved of our specimens.

Rasmussenoceras may be distinguished on the basis of the very

different structure of the siphuncle from the actinoceroid genus

Lamheoceras, which it resembles strongly in section and sutures.

It may be distinguished from Tripteroccras, as noted above, by the

digonal rather than trigonal section. Greater difficulty is en-

countered in distinguishing it from the little known Devonian
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genus Eudoccras, the type of \Yhich is Eudoceras pandiun (Hall)

of the Schoharie grit. This is a digonal shell witli sutures and

section similar to those of Rasniusscnoccras and Laiuhcoccras.

The siphuncle is very small and its structure is unknown. Until

the siphuncle is known, no other species can he assigned to tliis

species with certainty. It may be added that the preservation of

cephalopods in general .and this sjiecies in particular in the Scho-

harie grit, to which formation it is conhned, is such as to make

the chscovery of these essential morphological features an ex-

tremely unlikely contingency. It is not impossible that Eudoceras

may represent the last survival of this stock in Devonian time,

but such a hypothesis cannot be demonstrated conclusively with-

out more Irnowledge of the structure of that genus, or at least in

the absence of Silurian species v/Iiich may briilge the stratigraphic

gap betwAm the Ordovician and the Devonian forms.

The following species, formerl}- assigned to Tripteroccvas by

Foerste, are placed in Rasmussenoccras:

Rasiiiussciioccras xipJiias (Billings). (See Foerste, 1928, pi.

7, fig. 4A-C) of the English Flead formation of Anticosti.

R. ozveni (Clarke). (See Foerste, 1929, p. 306) of the Platte-

ville limestone of Minnesota.

R. schofu'Idi (Foerste, 1929). Plat<:eville limestone, Wiscon-

sin.

/?., sp. {Tripteroccras, sp., Foerste, 1929). Prosser limestone of

Minnesota.

R., sp. indet. (Triptcmccras, sp. indet., Troedsson, 1926).

Cape Calhoun formation, Greenland.

RasmwiRen.otKT-is vavin!)i'r Flov/e", n. "p. Plate 'JS, fi'j;R. 1-S

Shell straight, very strongly de]>ressed, tlie venter nenrly fj.pt,

the dorsum arched, the dorsodateral sides faintly concave in the

young, hut gradually merging into an evenly convex dorsum in

the adult. The lateral nngles are sharp as in Lamhcoceras, v/hich

this species resembles strongly. The apical angle of the Inteval

sides is 22 degrees up to a wirlth of from 35 mm. to jo vjav. \vliere

it decreases quite rapidly to one of between 13 and 1.4 degrees.
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The smallest specimen observed increase.s in width ivom ii mm.
to i8 mm. in a lcni,^th of 24 mm., and shows a well-arched dorsal

svn'face with slight dorso-lateral concavities. These concavities

are slig'litly more marked in a slightly larger s[)ecimen where

they serve to bring out a vestigial dorsal keel wliich is, however,

rounded and narrow. This shell ex|)ands from iS mm. to ^t, mm.

in 38 mm. Tlie next larger specimen shovv's an increase in width

of from 24 mm. to 30 mm. in the basal 18 mm., while in the suc-

ceeding 36 mm. tlie v/idth increases only to 33 mm. The largest

fragment is an incomplete living chamber which expands from

36 mm. to 43 mm. in a length of 43 mm., anrl originally extended

considerably farther orad. At a shell width of 25 mm., the dor-

sum becomes rounded and loses all trace of the dorso-lateral

concavities and the mid-dorsal keel.

Few specimens consist of more than the living chamber. One

individual, however, shows parts of eight camerse attached to a

complete living chamber. The eight cameras occupy a length

(lateral) of 17 mm. The sutures form subangular narrowly

rounded lateral saddles separating a broad rounded dorsal lobe

and a somewhat narrower and more angular ventral lobe.

Although septa are not uncommonh^ preserved, only one speci-

men has been founrl which preserves more than the faintest indi-

cation of the siphuncle. Tliis is small, close to the venter, and the

segments are scarcel}' expanded within the camerae. The septal

neck is very slightly recurved, but the connecting rings present an

essentially tubular condition.

The ratio of the height and width of the shell varies consider-

ably, probably due as much to slight flattening as to variation

within the growth stages. One shell shows a height of 6 mm.

where the width is 14 mm. In the best preserved specimen the

height is 1 1 mm. with the width of 25 mm. ; farther orad in the

same specimen the height is 19 mm. and the width 38 mm. The

largest fragment shows a height of 18 mm. and a width of 42 mm.,

but this shell is apparentl}- slightly flattened vertically.

The aperture has not Ijeen clearly observed. One shell shows

lines of growth which form a broad low saddle on the dorsum,
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consisting of rather coarse transverse markings as in Lamheoceras

lambei as shown by Leith (1942).

Discussion.—This species, because of the abrupt change in the

rate of expansion, presents the aspect of two distinct species, for

much of the extant material consists of rather incomplete living

chambers. Indeed, Foerste had described in manuscript two

species based upon this material, both of which he placed in

Tripteroceras^°. However, in his justification it should be stated

that those specimens supplying the interval in the shell in which

the change in rate of expansion occurs, were not available at the

time of his uncompleted investigation. Further, evaluation of the

proportions of the species is somewhat, though perhaps not great-

ly complicated by the flattening to which most of the shells ob-

served have been subjected. Of the 14 specimens available at the

time of the present study only four seem to be reasonably free

from the effects of pressure.

This Whitewater species closely resembles Lamheoceras rich-

mondense (Foerste) from which it can be distinguished with

certainty only by the minute and elusive siphuncle. Whenever a

septum of Lamheoceras is exposed the large slightly depressed

septal foramen is a very .conspicuous feature.

This species is similar in aspect to its congeners. The geno-

type is a much larger species in which both the dorsum and

venter are convex in cross section (see Troedsson, 1926). R.

xiphias (Billings) has the dorsum more arched and the camerge

considerably deeper. It is also a species which attains a consider-

ably larger size than indicated by any known specimens of R. var-

iahile. R. oweni and R. schofielcli are known from relatively

adapical portions of shells. R. schofielcli at least lacks at this

stage all traces of the keeled dorsum, and both are more rapidly

expanding than are commensurate parts of the Richmond species.

Types.—Syntypes, Earlham Collection, No. 8203; Shideler

Collection, eight specimens ; two specimens in the collection of the

University of Cincinnati Museum.

Occurrence.—From the Whitewater beds of Richmond, Indi-

ana. The species is known from the cephalopod beds of the lower

10 This was written prior to his description of Rasmussenoceras (1933).
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Whitewater of Dodge's Creek, Little Four Mile Creek, Flat Fork

Creek, Camden, and from the upper Whitewater of Dodge's

Creek and Camden, Ohio.

Family ONCOCERATID.* Hyatt, emend. FUwer

The famil}- Oncoceratida^ is here employed for secondarily

tyrtochoanitic cephalopods with ventral, rather small, siphuncles

which are free from any organic deposits. The shells are exogas-

tric cyrtoceracones of compressed section, although a few of the

genera are essentially circular in cross section, and it may prove

that some depressed cyrtoceracones may be included here. The

depressed Allumettoceratidse may be readily distinguished, not

only by the depressed section of the shell but by the faintness of

the curvature and the gradual expansion of the shell to the aper-

ture. Members of this family are not known to have either strong

curvature or breviconic living chambers. The compressed Val-

couroceratidse and Diestoceratidse are both distinguished by the

development of actinosiphonate deposits. The Valcouroceratidae

may resemble the Oncoceratida; in form, but the cross section is

in general broader and tends to be more strongly flattened dorsal-

ly. The Diestoceratidse are strongly breviconic, but the shells are

either essentially straight or faintly endogastric in curvature.

Genera in the Oncoceratidse are based essentially upon the

shape of the shell and the condition of the aperture. The si-

phuncle shows some variation in the form of its segments among

the species, but it has been described only for a small percentage

of the known species, and therefore cannot be used as yet to clar-

if) the classification.

The present status of the genera as established upon shell form

raises man\- perplexities, for the prolific Oncoceratidae of the

Ordovician contain species which appear to intergrade between

the genera so closely and so frequently as to indicate that the

genera in their present condition are not natural genetic units.

One such chain of species between natural genera may be expect-

ed, but where three or four such series can be established, as in the

case of Oncoceras and Beloitoceras, it is apparent that the genera

as at preseni defined are not natural groups. So close has the rela-
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tionship been between genera in several instances, that only the

large number of species involved has caused me to refrain from

reducing several of tlie generic names to synonymy. Such a step

may eventually be taken, but should, in the opinion of the writer,

be delayed until it is ascertained whether internal structure may
not supply better clues for the division of the Oncoceratidse.

The siphuncles are suborthochoanitic in the early growth

stages of Chazyan species of Oncoceras and Beloitoceras. Yet

the adult segments of the same species may be slightly scalari-

form dorsally and straight veritrally (fig. iiF), or biconvex,

a condition also found in the epliebic segments of the Black

River genotype of Beloitoceras (fig. ii E). Still other variations

have been noted. Some segments are clearly scalariform vv^ith

angular outlines in vertical section, while others are rounded and

essentially oval in form. The septal necks are always quite short

and are frequently diiihcult to detect in opaque sections.

In their present status, the genera composing the Oncoceratidse

may be defined briefly as follows

:

Oncoceras.—Shell exogastric, a compressed brevicone, gibbous

region t3picall3^ located below the base of the mature living cham-

iber, so that the shell contracts toward the aperture over the

length of the living chamber. As shown more fully in the dis-

cussions of the genera and the analysis of the species, it is difficult

to determine a clear point of separation between this genus and

Neumatoceras and Beloitoceras. In its present s,cope Oncoceras

ranges from the Black River to the Richmond, while the known

Chazyan species are so close to the boundary between Oncoceras

and Beloitoceras that they might be placed in either genus.

Beloitoceras.—Shell an exogastric compressed brevicone, eith-

er faintly gibbous, the dorsum straight or even faintly concave, or

when more gibbous, the convexity of the dorsum lying on the liv-

ing chamber rather than on the adoral part of the phragmocone.

The more gibbous species are very close to Oncoceras and

Neumatoceras. Beloitoceras is a very large genus in the Or-

dovician, ranging from the Chazyan to the top of the Richmond.

Neumatoceras.—A strongly gibbous compressed brevicone, the

ventral outline humped over the dorsal end of the phragmocone,
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contracting rapidly ttnvart! the aperture. Dorsum straii,'ht or

convex over the middle of the shell in profile. Species previously

assigned to this genus app-car to intergrade with huth 0)Il'i ccias

and Beloitoceras, leading to the helief that Ncumatoceras is at

present only a receptacle for strongly gihbous species derived

from several genetic radicles, some of which arc clearly (lefinc 1

Figure 11. Outlinea of species of Oncoccras antl Beloitoceras showing
genotype; intergradation of genera on basis of form; Cincinnali species
and related Middle and Upper Ordovieian representatives. F, J, K, and T-W
are original. Others are ilrawn from Foerste's illustrations. A-E. Beloito-
ceras pandion (Hall), genotype of Beloitoceras, Platteville limestone, Wis-
consin. A, lateral view; B, ventral view; C, crosij section of aperture; D,
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species groups. The genus appears later than Oncoceras and Bel-

oituceras, being essentially boreal, and probably none of the spe-

cies are older than the Upper Ordovician.

Maelonoceras.-—This genus is so little known that at present

only the genotype can be assigned to it. That species is known

only from a living chamber which contracts gradually toward a

pear-shaped aperture (iig. ii, X-Y). Formerly Foerste regard-

ed such shells as fig. ii AD as typical, but these are not congen-

eric with fig. II X-Y, which is the specimen which Hyatt se-

lected as the type of Billings' species, Oncoceras praematuritm,

at the time of the description of the genus Maelonoceras. Foerste

subsequently extended Beloitoceras to include such specimens as

fig. II, AD.

cross section near base ; E, vertical section of siplnincle. F. Siphuncle of

an undescribed Ghazyan species, showing straight ventral and scalariforni

dorsal outline. Valcour limeistone. Little Monty Bay, Chazy, New York.

G-K. Oncoceras ooiistricUim Hall, genotype of Oncoceras, showing size and
form variation. G-H, lateral and ventral views of a type; I, lateral

view of another type; J-K, lateral view of two specimens in the collection

of the writer. Trenton limestone, Trenton Falls, New York. L-M.
Beloitoceras taffineiise (Schiichert), Frobisher Bay, Baffin Land, show-

ing extreme of vertical expansion included in Beloitoceras. N-0, Oncoceras

coUinsi Foerste, Black Siver, Ottawa. N, dorsal and M, lateral views.

P. Oncoceras carletonense Foerste, English Head formation, Anticosti.

Lateral view. Tlie gibbosity of the dorsum is higli for Oncoceras, approach-

ing the condition found in the more gibbous Beloitoceras. Q. Oncoceras
parvum Foerste, Bighorn formation. Lateral. E. Beloitoceras carveri

(Clarke), Platteville limestone, Minnesota. Lateral. S. Beloitoceras cf.

janesvillense Foerste, Platteville limestone, Minnesota. Lateral. T-U.
Oncoceraa foerstei Flower, Leipers formation, Kentucky, T, lateral view
with section of phragmocone appended and apex restored. U. Dorsal
view. From holotype. V-W. Oncoceras arlandi Flower, Leipers formation,
Kentucky. V, lateral view ; W, dorsal view. X-Y. Maelonoceras praema-
turum {Billings), Black River limestone, LaCloclie Island, Lake Huron.
Living chamber, X, adoral and Y, ventral view. Z. Oncocercwi ( ?) ornatum
(Miller), Bigliorn formation. Lateral view. A-AB. Beloitoceras nor-

woodi (Clarke), Platteville limestone, Minnesota, A strongly compressed
species with low gibbosity, approaching Oncoceras. A, lateral; AB,
ventral. AC. Beloitoceras percurvatum Foerste, Ellis Bay formation, An-
ticosti. Lateral aspect. AD. Beloitoceras clochcnse Foerste, Black River
limestone, LaCloche Island, Lake Huron. Lateral aspect. AE. Oncoceras

( ?) cur I iearneratum Foerste, Ellis Bay formation, Anticosti. Lateral view.

This species could as easily be placed in Beloitoceras.
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Richardsonoccras Foerste was erected for shells which were

less gibbous than Beloitoceras. Flower (1942) restricted the genus

owing to its conflict in scope with Oonoceras Hyatt, to com-

pressed c\rto,ceracones with the living chamber curved, expand-

ing or essentially tubular to tiie aperture, and with relatively

deep camerje. Ordovician species, formerly assigned to the genus

which have a very gradual expansion, are only ver)- slightly

curved, have very shallow camera;, and a somewhat more slender

siphuncle than typical Richardsonoccras, were returned to Oono-

ceras Flyatt, a genus based upon a Silurian genotype from Bo-

hemia. When Foerste described Richardsonoccras he regarded

Oonoceras as practically confined to the genotype, a co3iclusion

which does not seem to be justified by the morphological facts.

Richardsonoccras as restricted grades into Beloitoceras, possibly

through relatively slender and deep-chambered species such as

Beloitoceras murrayi.

Oonoceras Hyatt is employed for very slender slightly curved

cyrtoceracones with shallow cainerse and a relatively small and

faintly expanded siphuncle. The interior of the shell is often con-

stricted shortly before the aperture is attained, but there is no

reason to believe tb.at this constriction is anything more than a

thickening of t!ie interior of the shell. While the flistinction be-

tween Oonoceras and Richardsonoccras is not great, there me
no species which form a transition between the genera. However,

both genera appear to intergrade with Beloitoceras although

naturally through different groups of species in that genus.

Digenuoceras Foerste, known only from the genotype, D. laiiini,

of the Red River series of Manitoba and D. cf. latum of the Big-

horn formation of Wyoming, is regarded as a specialization de-

rived from Oonoceras from which it differs in the cross section

which is subangular on the dorsum as well as on the venter.

Exomef/oceras Miller and Carrier, known onl}- from the genotype,

E. wyoniinf/cnse Miller and Carrier, of the Bighorn formation, is

more angular in section than Oonoceras and has deeper camerje.

Nevertheless, in the absence of any internal differences, it does

not seem to be sufficiently distinct from Oonoceras to merit the

use of a new^ name.
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Included in the Oncoceratidie is that group of genera for which

Hyatt erected the family Rizoceratidte. These are Cyrtorkoceras

and liizoceras. Cyrturisoceras is little known in the Ordovician,

but tlie Ordovician species include the genotype. This is a com-

pressed shell, expanding rapidly vertically after the manner of

tlie early stages of Bcloitoceras and some Richardsonoceras, but

differing from those genera in the continuation of the rapid ex-

pansion to the aperture. The siphuncle is small, ventral, and ap-

parently slightly expanded within the camerae. The surface

markings of the genotype have become fasciculate, producing

incipient annulations. More Silurian than Ordovician species

liave been placed in this genus. However, there is a wide gap

between the Ordovician and Silurian species which suggests that

the genus at present embraces a series of convergent homeo-

morphs. The Silurian species are larger, more strongly curved,

and have much more strongly expanded siphuncles. It is sus-

pected that they developed independently of the typical Ordovi-

cian forms, possibly from Silurian Oonoceras.

The same anomalous situation surrounds the genus Rizoceras.

Here the shell expands to the aperture, but except for a slight

mitial exogastric curvature, the greater part of the shell is essen-

tially straight. The few Ordovician species appear to be closely

similar to one another. None of them bave as yet yielded in-

ternal structures which can be studied properly. The Silurian

species, which include the genotype, are quite similar. Home-

omorphy is suspected here, however, on the basis of a series of

species from Bohemia connecting the genotype with approximate-

ly contemporaneous species of "Cyrtorizoceras" and Oonoceras.

The faintly costate condition of the genotype of Cyrtorizoceras

suggests a strong similarity with shells of more nearly circular

section and with slightly stronger costse, which have been placed

in Zitteloceras, and which are noted below as the group of Zittelo-

ceras billingsi. From this group the other groups of Zitteloceras

may have been derived, although as yet no species have been

found showing an intergradation between the group of Z. billingsi

to Zitteloceras, sensu stricto, or to the group of species for which

Foerste established the generic name Laphamoceras. Neverthe-
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less the differences are relatively minor, both among the three

species groups of Zittcloceras and between Z. hillingsi and Cyr-

torizoccras, and seem to warrant placing Zitfeloccrcs in the On-

coceratidse with Cyrtorizoceras.

Two Ordovician c) rtoconic genera of circular section are also

placed here, the strongly curved Loganoceras and the nearly

orthoconic Kentlandoceras. Kcntlandoccras is strikingly similar

to the new genus Miamoccras, which differs from it mainly in a

strongly compressed .cross section and supplies a link between

Kentlandoceras and Beloitoceras.

Previously (Flower, 1942, p. 30) the writer had extended this

series to include exogastric shells of depressed section and indi-

cated this by citing Manitoidinoceras, wdiich was selected as one

of the commonest and best known of these genera. Further study

of Manitotdinoceras has shown that it is a member of the actino-

siphonate family Valcouroceratidas, although the relationship is

not easily apparent, since the actinosiphonate deposits are not

commonly displayed by Manitoidinoceras. Because of the strong

similarity of Staufferoceras to Manitoidinoceras, that genus is

placed tentatively in the same family. Probably Faycttoceras

might be included there also, for it retains in the adult shell pro-

portions, notably the rapid expansion of the conch and the deep

camerse, which are found only in the early growth stages of

Manitoidinoceras.

There remain the depressed cyrtoconic genera Schojicldoccras

and EJdersoceras which are so poorly knovvm internally that it is

impossible to assign them to any family with certainty at the

present time. JJ^innipegoceras is likewise inadequately knovvii. It

may belong to the Discosoroidse, as proposed in the discussion of

that group, but the possibility still remains that it might instead

be a form deviation from, the gibbous Oncoceratidae.

The Oncoceratidae, as here defined, do not seem to lend them-

selves to finer family divisions because of the very close relation-

ships which the numerous species supply among the various

genera. livatt used three families to include these genera. Some

genera have been removed because of differences of internal

structure. Cyrtoceros, which Hyatt put in the Ooceratidae, is
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not related to Oonoceras (=:Ooceras) being concavosiphonate

and actinosiphonate. Its affinities are uncertain. Likewise,

Cyclostoiniceras and Ercmoccras are removed from tlie Onco-

ceratida% since these pre-Chazjan genera are not cyrtochoanitic.

The large number of species which are so close to the bound-

aries between the genera of the Oncoceratidce as here delined sug-

gest overwhelmingl)- that the group is a genetic unit characterized

by great plasticity of shell form in tlie Ordovician. In the present

work an attempt has been made to retain as many of the existing

generic names as possible, and in order to do so it has sometimes

been necessary to draw rather fine and arbitrary lines between

the genera. Clearly the Oncoceratidffi represent a rapidly ex-

panding and highly plastic stock in the Ordovician.

The famil}^ is also present in the Silurian, where it underwent

a second great period of expansion and form deviation. Oono-

ceras, Riaoccras, and Cyrtoricoccras as at present defined appear

to pass from the Ordovician to the Middle Silurian. However, as

already noted, there is reason to doubt that Silurian and Ordo-

vician species of Cyrtorizoccras are actually congeneric. Further,

the abundant cyrtoceracones of the Silurian of Bohemia supply

such a gradational series running from the slender exogastric

Oonoceras to the more rapidly expanding Cyrtorizoccras and the

straighter Rizoccras, that it is doubtful whether two independent

investigators undertaking the task of assigning the species, for-

merly pla,ced \n"Cyrtoceras", among these three genera, would

complete their tasks with very closely similar results. In the

Silurian other cyrtoconic genera appear which may or may not

represent further expansion of the Oncoceratidas. The depressed

cyrtocones and brevicones are of the uncertain origin. It is pos-

sible that many, perhaps all of the phragmoceroids, may have

developed from the oncoceroid stock. A fairly good transition is

supplied from Oonoceras to the trochoceroid Lechritrochoceras,

in which the siphuncle has become nearly tubular. Likewise,

Oonoceras and the actinosiphonate Oocerina appear to be very

closely allied. To Silurian Ooccras may be traced the family

Brevicoceratidge which attained its apex in tlie Middle Devonian,

but much more study of well-preserved Silurian cyrtoceracones
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is necessary before the relationships can be traced much farther.

Unfortunately most American Silurian cephalopods are preserved

in saccharoidal dolomites which do not preserve internal struc-

tures properly.

The large number of undescribed species belonging to the

Oncoceratidse already encountered in the comparison of Cincin-

natian with other and largely Middle Ordovician material, shows

that probably many more await discovery. However, the strati-

graphic range already is sufficient to indicate the trends of de-

velopment within the famil}'. No pre-Chazyan ,cephalopods are

known which are referable to this family. Lower Qiazyan

cephalopods are still largely unknown. The Middle Chaz3'an has

yielded a few small gibbous oncoceroids, close to the boundary

between Oncoceras and Bcloitoceras. The Upper Chazyan has

yielded several species, largely undescribed, which are also close

to the Oncoccras-Bcloitoccras boundary, so close that it seems to

be largely a matter of opinion as to which genus should contain

them. Two specimens of the aspect of Richardsonoccras occur

here, but these may not be mature shells. The Lowville oncocer-

oids are poorly known. Here again occur generalized gibbous

species and a form of Cyrtorizoceras which also suggests Zittclo-

ceras. The upper beds of the Black River contain more varied

oncoceroids and Beloitoceras. In those beds and in the closely

allied faunas which Ka}' considers Rockland in age, the oncocer-

oids attain their first peak of abundance and diversity. Here

occur Oncoceras and Bcloitoceras with Cyrtorizoceras, Rizoceras,

7JfteIoceras, Richardsonoccras, Laphamoccras, Kcntlandoccras,

but Ncitniatoccras and true Oonoceras are absent. The cephal-

opods of the middle and upper Trenton of the southern region

are virtually unknown. In New York the Middle Trenton rep-

resentatives of the oncoceroids are meagre and not startingly

different from earlier types.

The upper beds of the Trenton, the Cobourg in the north, and

the Cynthiana-Cathvp faunas of the more southerly east-central

area, exhibit a furthe*" expansion of the gibbous oncoceroids,

forms appearing which approach the extreme in gibbosity gener-
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ally considered characteristic of Neumatoceras. Here also Oono-

ccras appears.

These two genera attain their maximum Ordovician develop-

ment in the boreal Ordovician, being best represented, however,

in the Whitehead formation, the Bighorn formation, and the Fre-

mont limestone, while they are not so well represented in the

Red River fauna nor in the Cape Calhoun fauna farther north.

Only a few very fragmentary oncoceroids occur in the Upper

Ordovician of Oslo or the Lyckholm beds of Esthonia. These

facts, together with a general absence or scarcity of cephalopods

identifiable as members of the Oncoceratidae in the British Or-

dovician or the Ordovician of Bohemia, suggest that the oncocer-

oids are essentially an American development in the Ordovician.

The Richmond proper, as known from the Cincinnati region

and Anticosti, contains the species group of Beloitoceras amoe-

imm. Few other oncoceroid types which are diagnostically

Ric'hmondian occur in these two regions. The Oonoceras species

of the Cynthiana, as previously pointed out (Flower, 1942)

have their closest affinities with Vaureal, Bighorn, and Fremont

spe,cies, all supposedly Richmondian and generally regarded as

faunas of boreal origin.

History of investigation.—Hyatt (1884, pp. 280-82) included in

the Maelonoceratidse Maelonoceras Hyatt, Oonoceras Hyatt,

Streptoceras Billings, Cranoccras Hyatt, and Naedyceras Hyatt

and placed in the Oncoceratidae Eremoceras Hyatt, Clinoceras

Mascke, and Oncoceras. Hyatt's next (Classification (1900) in-

volves the family Rizoceratidae, including Rizoceras Hyatt, placed

bv him in 1884 in the Orthoceratidse, and the new genus Cyrto-

rizoceras. The Ooceratidse, which should be named Oonocera-

tidge, included Ooceras (more properly Oonoceras, as originally

spelled), and Cyrtoceras. The Oncoceratidae contained Eremo-

ceras, Cyclostomiceras, Oncoceras, and Hyatt regarded Maelono-

ceras, its spelling changed to Meloceras, as a subgenus of Onco-

ceras. Clinoceras and Streptoceras are included in the next fam-

ily Poterioiceratidge with Poterioceras and Sycoceras.

Eremoceras and Cyclostomiceras are Canadian genera and are

not cyrtochoanitic. Ulrich, Foerste, and Miller (1942) have
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placed Cyclostomiceras in the Cyclostomiceratidse and Eremoceras

in the Cyclendoceratidae. While this classification may be arti-

ficial, it is evident that these genera belong to a pre-Chazyan

group of cephalopods which varied widely in form long before

cyrtochoanitic structure appeared and have no real relationship

with Oncoceras. The nucleus of the modern Oncoceratidse there-

fore exists essentially in the species which Hyatt considered as

belonging to Oncoceras in its broadest sense. Further inspection

of these species will show that they grade into long slender uni-

formly curved cyrtoceracones, for which the Oonoceratidse was

erected, and also shells which are more rapidly expanding and

less curved, such as were included by Hyatt in the Rizoceratidss.

Foerste (1924) redescribed Oncoceras and Maelonoceras, re-

figured their genotypes, and added the new genus Beloitoceras.

Oncoceras is here regarded as a compressed cyrtoceracone, the

dorsum of which becomes convex adorally over the upper part of

the phragmocone and the lower part of the living chamber. Where
the dorsum is convex the lateral sides are .convex, and from that

point they approach each other toward the aperture. Foerste

placed in Oncoceras the following species:

Oncoceras ahruptuui Hall, Oncoceras cincinnatiense Miller,

Oncoceras douglassi Clarke, Oncoceras pristinuni Ruedemann,

Orthoceratites trentonensis Emmons, possibly identical witli On-

coceras constrictuni, and ? Gomphoceras jabcri Miller.

Maelonoceras is redefined here though unfortunately on the bas-

is of the selection of a specimen as the lectotype of the type species

contrary to that previously designated by Hyatt (1884) so that

further emendation was necessary. Indeed, Maelonoceras prae-

maturum Foerste, 1924, is now Beloitoceras clocJiense Foerste,

and true praematuriim is described here as Maelonoceras billingsi

Foerste. (See Foerste, 1933.)

The new genus Beloitoceras, based upon Oncoceras pandion

Hall of the Platteville limestone of Wisconsin, was described as

dififering from Oncoceras "in lacking a distinct gibbosity along the

upper part of the phragmocone and the lower part of the living

chamber. If any gibbosity along the dorsal side is present, the
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maximum development of the gibbosity is distinctly above the

level of tlie base of the living chamber. Moreover, compared with

typical Oncoceras the conch is distinctly more flattened laterally."

He regards the affinities of this genus as with Maclonoceras rather

than Oncoceras, and with the stock from which Maclonoceras

developed. The following species were placed in the genus at the

time of its original description:

Oncoceras carvcri Clarke, Cyrtoceras fragile Billings, C.

Houghtoni Clarke, C. huronense Billings, C. isodorus Billings, C.

norwoodi Clarke, and C. schofieldi Clarke.

Foerste (1926, pp. 317-318) reviewed these genera in connec-

tion with his study of actinosiphonate .cephalopods but made no

modifications in his earlier descriptions. Foerste ( 1928) re-

ferred Oncoceras arcticiun Schuchert to Beloitoceras, also Cyrto-

ceras cornidnni Schuchert and C. baffiiiense, regarding the gen-

eric position of the last species as dubious. In the same year,

Foerste ( 1928A) noted the following representatives of these

genera in Anticosti

:

Beloitoceras fragile (Billings), B. perciirvatmn Foerste, B. ac-

cidtmn Foerste, B. niagistcrium Foerste, B. obstructuin Foerste,

B. (f) jamescnsc Foerste, B. {?) ferercctum Foerste, Oncoceras

carletonense Foerste, 0. (f) curvicamcratum Foerste. Those

species for which the generic reference is dubious lie close to the

boimdary between the two genera.

Foerste (1932, '33) redescribed and considerably modified

these genera and described some new ones. He noted here that

his selection of a type species for Maclonoceras conflicted with

Hyatt's earlier choice and found it necessary to revise his descrip-

tion of the genus. Unhappily Hyatt's lectotype of M. praeniaturiim

(Billings) is an anomalous and little known species. On the basis

of the slender living chamber and the contraction of the shell over

the adoral end, no species other than the genotype which can be

placed in this genus is known at present, and Beloitoceras is ex-

panded to include the species Beloitoceras clochense, 'based upon

the specimen which Foertse in 1924 regarded as the lectotype of

Maclonoceras praematurum. The new genus Richardsonoceras,
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based upon Cyrtoceras simplex, is described as "similar to Beloit-

oceras, but enlarging less iapi(ll\ in a dorso-ventral direction and

hence more elongate. The dorsal outline of the living chamber

tends to be more concave, in continuation of the concave outline

of the phragnio,cone. The siphuncle tends to be a little larger, but

the more elongate form of the conch and its more distinctly con-

cave dorsal outline are the chief characters of the genus." Foerste

placed here A', simplex (IhUings), R. hcloitcnse Foerste, R. rom-

iiiijeii Foerste, and R. sclioficldi Clarke, and noted that other spe-

cies, including Richardsonoceras? falx and R. '/ clarkei, might

belong here. Unfortunateh-, there does not seem to be a really

clear distinction between Richardsonoceras and Bcloitoceras.

Richardsonoceras is more slender and typically the living cham-

ber is faintly contracted at the aperture. These species grade into

the more slender representatives of Bcloitoceras. On the other ex-

treme, species have been placed in the Richardsonoceras with es-

sentially tubular living chamlx?rs which grade into Oonoceras.

In the writer's revision of the genus (Flower, 1942), Oonoceras

is recognized as occiuTing in the Middle and Upper Ordovician as

well as in the Silurian. It differs from Richardsonoceras in hav-

ing a much more slender shell, essentially tubular except for slight

preoral constrictions of tlie living chamber, and has shorter

camerse than Richardsonoceras. The distinction is not, however,

a good one, and it may prove advisable to reduce Richardsono-

ceras as a synonym of Oonoceras. Nevertheless the Middle Or-

dovician species which constitute the nucleus of Richardsonoceras

are more curved, have shghtly deeper camer?e. and slightly more

expanded siphuncles than Oonoceras, and indeed look quite un-

like it, though the differences are superficial. In having poor

generic boundaries the genus is hardly in any worse state than

most of its relatives, and therefore I have retained it here.

Beloitoceras is redefined as follows: "Conch relatively short,

strongly compressed laterally, with the ventral side more narrow-

ly rounded, moderately enlarging laterally. Margins of aperture

arching moderately upward laterally or ventrolaterally, but curv-

ing downward rather strongly at the hyponomic sinus. Upper

part of aperture often constricted by a thickening of the inner wall
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of the shell near the top of the living chamber. Sutures of septa

curving slightly downward laterally, but rising at an increased

angle in a ventrad direction on approaching the upper end of the

phragmocone. Siphuncle of medium size, compared with related

cyrtoceroids, and almost in contact with the ventral wall of the

conch, especially among the lower half of the camerse."

Compared with typical Oncoceras, tlie conch enlarges much less

laterally at the top of the phragmocone and the base of the living

chamber, and the dorsal gibbosity along the lower half or two-

thirds of the living chamber, but in most cases this part of the

dorsal outline merely tends to be straight, becoming slightly or

more distinctly .concave farther up. The following species are de-

scribed and illustrated: B. jancsvillcnse, B. hiironense, B. hough-

toni, B. norwoodi, B. carvcri, B. isodonis, B. clochense, and B.

murrayi.

In the same work, Oncoceras is defined as follows

:

"Conch short, rapidly expanding, strongly curved lengthwise,

with its maximum dimensions at the top of the phragmocone

and the base of the living chamber, contracting thence to the

aperture. Although the general outline of its dorsal side is con-

cave, there is a gibbosity at the top of the phragmocone and the

base of the living cham'ber which is more or less distinct along

the dorsal side of the conch and usually also aflfects its lateral out-

line, producing more or less distinct inflation of the entire circum-

ference of the .conch here. The aperture is oval in outline, more

narrowly rounded ventrally, and the hyponomic sinus is distinct

but relatively shallow. The siphuncle is close to the ventral wall

of the conch and its segments are narrowly fusiform." The spe-

cies described here are O. colUnsi, Foerste, O. tetrcauvillense

Foerste, 0. Doucjlassi Clarke, and O. Casci Foerste.

A further revision of the genera (Foerste, 1935) involved some

redefinition and the separation of the new genus Newnatoccras.

Bcloitoccras is described as follows

:

"It was intended to include in the genus Beloitoccras relatively

short curved conchs which were laterally compressed, attained

their greatest dorso-ventral diameter at or above the base of the

living chamber, and in which the lower part of the dorsal outline

of the living chamber tended to be slightly convex or gibbous.
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The siphuncle is located near, but not in contact with the ventral

wall of the conch, its segments being elongated vertically, instead

of subglobular or subnummuloidal in form. The typical speci-

mens occur in the Beloit formation in the Upper Mississippi Val-

le)-, but similar specimens occur as far up as the top of the Rich-

mond."

"The new genus Nciunatoceras differs from Bcloitoceras chief-

ly in being distinctly humped along the upper part of the ventral

outline of the phragmocone, the maximum dorso-ventral diameter

usually being at a distinct interval beneath the base of the living

chamber ventrally. From this levd of maximum dorso-ventral

diameter the conch usually tapers conspicuously toward the aper-

ture. The dorsal outline along the upper part of the phragmocone

and all of the living chamber tends to be relatively straight, with

faint incurvature at top and along the lower part of the phrag-

mocone." A'', gibberosum Foerste, A^. nutans Foerste, N. brev-

iposticum Miller, N. canyonensc, and A'^. cf. canyonense are

placed here. Also, the following are included in the genus with

doubt: Two unnamed species of the Bighorn formation, Onco-

ceras tumidum Schuchert, Westonoceras (?) contractum Foerste

and Savage, and also VVinnipegoceras, sp. Foerste, of the Red

River formation.

Oncoceras is discussed, but the definition is largely concerned

with the genotype: "The holotype is a relatively small conch,

curved distinctly gibbous on its dorsal side at the top of the phrag-

mocone and base of the living chamber, where it also reaches its

greatest lateral diameter, contracting then distinctly toward the

aperture. This holotype occurs in the Trenton of New York, but

the genus ranges upward into the top of the Richmond."

These descriptions are largely quoted in full in order to present

Foerste's various views concerning the limits of these genera, a

necessary matter since we need next to inquire into their bound-

aries to determine whether the genera represent natural and con-

venient groups as they stand, or whether revision is either desir-

able or possible.

After tracing three series which seem to involve species which

have previously been assigned to these genera, as well as some

new ones which have not been discussed before, it is quite evident
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that neither Oncoceras, Beloitoceras nor Neumatoceras are natur-

al genera by themselves. The problem is made even more com-

plex by the problems produced by shell distortion. Slight flat-

tening of a shell may, particularly in limestone, alter the original

section and shape enough to affect the generic position of the spe-

cies on the basis of tlie present standards. Yet such flattening may

not be obvious from the specimen itself if it has o,ccurred w^ithout

O'bvious distortion.

Genus ONCOCERAS Hall

Genotype.

—

Oncoceras constrictuin Hall, 1847.

Oncoceras Hall, 1847, Paleontology of New York, vol. 1, p. 197; d 'Or-

bigny, 1849, Prodr. dc Paleont., vol. 1, p. 5; Hall, 1850, Itegents of the

Univ. (of the 8tate of New York) on the condition of the State Cabi-

net of Natural lliatory, ^6^\ Ann. Ik'p., p. 180, pi. o, tig. 'A; Woodward,
1851, Manual of MoUusca, pt. 1, p. 90; Saemann, 1852, Pala'onto-

graphica, vol. 3, pp. 157, 162; Pictet, 1854, Traite de Paleontologie,

2d ed., vol. 2, p. 646 ; Emmoas, 1856, Anier. GeoL, vol. 1, pt. 2, p. 148

;

Hall, 1861, Wisoonsin Geol. Surv., Rep., p. 43 ; Billings, 1866, Canada
Geol. Surv., Cat. Sil. Foss., Anticosti, p. 86 ; Barrande, 1867, Systeme
Sil. du centre de la Boheme, vol. 2, pt. 1, p. 450 ; Hyatt, 1884, Boston
Soc. Nat. Hist., Proc, vol. 22, p. 282; Miller, 1889, North American
Geol. Pal., p. 445 ; Hyatt, 1900, Cephalopoda, in Zittel-Eastmann Textb.

Paleont., vol. 1, 1st ed., p. 530 (reprinted in other editions, different

pagination) ; Clarke and Euedeniann, 1903, New York State Mus.
Mem., No. 5, p. 94; Grabau and Shiiner, 1910, North American Index
Fossils, vol. 2, p. 122; Foerstc, 1924, Denison Univ. Bull., Sci. Lab.,

Jour., vol. 20, p. 239 ; Foerste, 1926, iMd., vol. 21, p. 318 ; Foerste, 1933,

ihid., vol. 28, p. 109 ; Foerste, 1935, ibid., vol. 30, p. 42.

Diagnosis.—Conch a compressed exogastric brevicone which

expands fairly rapidly to a gibbous region which is located typi-

cally below the base of the living chamber. From there the shell

contracts to the aperture. At the gibbous region the convexity

of the venter is typically increased, the dorsum, concave adapical-

ly, becomes convex. Farther orad the venter and dorsum ap-

proach each other but become less convex, frequently becoming

straight close to the aperture, and sometimes internal molds are

concave at this region, due in part to the natural shape of the shell

and in part to gerontic constrictions on the inside of the shell.

The aperture in general slopes orad from dorsum to venter but

bends ventrally to form a hyponomic sinus.

The section is compressed, the venter narrower than the dor-

sum. The septa are typically relatively flat. The sutures de-

velop lateral lobes, which are, however, rarely very deep. Adoral-

ly the sutures tend to slope orad from dorsum to venter, such
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curvature being greatest in the more markedly exogastric species.

The siphuncle is small and is located close to the venter. The seg-

ments arc ovoid to scalariform, generally slightly longer than wide.

The septal necks are short and recurved. I'he siphuncle has not

been observed to possess organic deposits in any species. Gerontic

internal molds show faint linear impressions which are molds of

vestigial cameral deposits. The basal zone is usually only poorly

developed if at all.

Discussion.—Oncoceras was formerly widely used for com-

pressed exogastric brevicones with small ventral siphuncles and

was employed in this way by Hall, Clarke, Hyatt, and Ruede-

mann. Foerste, however, restricted tlie genus on the basis of the

form of the shell, distinguishing from it the closely allied Nexi-

matoceras and Eeloitoceras. If these genera are related, it is to

be suspected that some species may bridge the gaps which separate

them from one another. However, it is possible to recognize such

form transitions in not one but in several species groups, a condi-

tion which suggests strongly that the genera in tlieir present form

are not natural genetic units but instead artificial form genera.

At the present time it does not seem possible to improve the sit-

uation. The use of generic names for the various species groups

seems unwise. It would complicate the nomenclature unnecessari-

ly, and the new genera resulting would be perhaps more natural,

but there would still remain species which are so close to the

boundaries separating the various units that their generic position

and nomenclature would be largely matters of individual opinion.

Further, it is possible that when more is known of the interiors of

these cephalopods, some useful guides to phylogeny may be found

in the siphuncles which vary somewhat in form. However, such

criteria cannot be employed at present simply because the siph-

uncles are not known in sufficient detail for more than a very

few of the described species and are not known at all for several.

Further, the number of described species belonging to these three

genera represents only a small portion of those which exist in

America, and until more material can be studied, and more of

these species can be made known, revisionary attempts would be

premature.
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The early use of Oncoceras was somewhat too broad and gener-

ahzed. Bassler (1915) hsts about 30 species, ahhough in all, 40
have been placed in this genus at one time or another. Foerste

( 1924) confined it to exogastric compressed shells in which the

dorsal profile changed from concave to convex over the upper part

of the phragmocone and the lower part of the living chamber. In

tnict gibbosity along the upper part of the phragmocone and the

lower part of the living chamber, although shells were included

which were gibbous dorsally orad of the base of the living cham-

("contrast, Beloitocerasvja.^ en\]AoyftdioY shells which lacked a dis-

ber. At this time Foerste included in Oncoceras, Oncoceras

ahruptum Hall, Gornphoceras cincinnatiense Miller, Oncoceras

douglassi Clarke, Oncoceras pristimmt Ruedemann, and Orth-

oceratites trentonense Emmons, which may be a synonym of On-

coceras constrictum. He also noted that Gornphoceras jaberi

may belong in Oncoceras, though in it the dorsum becomes only

slightly iconvex.

On the basis of the extent of gibbosity there is naturally varia-

tion between Oncoceras and Beloitoceras. Likewise, there is no

clear boundary which can be drawn between those species which

are convex on the dorsum on the upper part of the phragmocone

and the lower part of the living chamber, and which therefore be-

long in Oncoceras as emended, and those in which the gibbosity is

developed well on the living chamber. Foerste (1933, p. 98) says

of Beloitoceras:

"Compared with typical Oncoceras, the conch enlarges much

less laterally at the top of the phragmocone and the base of the liv-

ing chamber, and the dorsal gibbosity is much less conspicuous.

There is a faint tendency toward gibbosity along the lower half or

two-thirds of the living chamber, but in most cases this part of the

dorsal outline merely tends to be straight, becoming slightly or

more distinctly concave farther up." Neither the lateral gibbosity

of the shell nor the concavity of the dorsum near the aperture

supply criteria which will eliminate the problem of species which

are intermediate between the two genera.
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Unfortunately it is to be doubtefl whether this (Hstinction be-

tween Oncoccras and Bcloifoccras is entirely natural. Shells

which at one stage of growth have the gibbosity high on the living

chamber and are therefore typical of Bcloitoceras ma}-, by the ad-

dition of a little more material to the aperture and die secretion of

a few more septa, pass the bounds into Oncoceras. Further, if in

the history of a species this change occurs, the older and simpler

forms would be placed in Bcloitoceras, while the more advanced

essentially phylogerontic forms would fall within the limits of

Oncoceras. Such inferences as to close relationship between

.speoies as can be drawn from similarities in outline, section, and

sutures, suggest that such changes may have occurred in several

different groups of species, indicating that the distinction between

the genera is not natural. For this reason the actual disposal of

species in Oncoccras and Bcloitoceras has been decided, in the

case of those forms close to the borderline between the two genera,

largely upon the basis of the affinities of the species with others

which are more typical representatives of one genus or the other.

Oncoceras likewise approaches the form of Ncumatoceras, a

genus which is typically more compressed, in which the ventral

profile is more strongly bent over the gibbous part of the shell.

The problem of such species is discussed under Ncumatoceras but

is noted here also, as it is relevant to the generic position of Cyn-

thiana and Leipers species some of which are borderline cases,

but which have been put in Oncoceras on the basis of their affini-

ies with Middle Ordovician species. Such forms as Oncoceras

bassleri Flower, n. sp., have living chambers which alone cannot

be distinguished from those of Ncumatoceras yet are typical of

Oncoceras in the convexity of the dorsum and the relatively

slight gibbosity of the ventral profile. Typical Neumatoceras,

however, seems to have developed from Bcloitoceras rather than

Oncoceras.

Oncoceras is more advanced than Bcloitoceras, and it is not

surprising to find that Bcloitoceras predominates in the Chazyan.

The writer would place Oncoceras pristinuni Ruedemann in

Beloitoceras, though it is one of the more convex and more
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gibbous species of this genus. Other undescribed Chazyan spe-

cies fall largely within the limits of Bcioituceras, though a few

are convex enough dorsally and have the gibbosity located low

enough on the shell to be placed in Oncoceras. However, as at

present dehned, Oiicoccras is known mainly from the Middle and

ijpper Ordovician. Several of the previously described species

are illustrated in text hgures ii and 12 for comparison with Cin-

icinnatian species, i'he described species are briefly listed below,

with a few notes on tlieir form and apparent aflinities. However,

a considerable number of Middle Ordovician species are as yet

undescribed, and the list is far from exhausting the possibihties of

Ordovician faunas of America.

Oiicoccras consfrictiiin Hall. Trenton limestone, New York.

This is a highly variable species as shown in text figure 1 1 G-K.

It is uncertain, however, whether the evident size variation in-

dicates that the species as previously understood has been used

too broadly, or whether it is a variable one, or whether sexual

dimorphism may account for the size discrepancies.

O. pupccfonue Ruedemann. Utica shale, New York. Gibbosity

is high on this species which is rather close to Beloitoceras. The

humped form, shown in Ruedemann's figures also suggests Neu-

matoceras, but this has been exaggerated by flattening. This

species is the basis of Ruedemann's suggestion of sexual dimor-

phism among the cephalopods.

Oncoceras abruptum (Hall). Platteville limestone, Wisconsin.

The gibbosity is rather high on this species, which is retained in

Oncocoas by Foerste. It is a strongly gibbous species with the

dorsum markedly convex.

O. carJetonrnse Foerste. English Head formation, Anticosti.

Shell gibbous just before the living chamber. Typical of Onco-

ceras (text fig. II P) but rather strongly compressed, suggesting

the amoenmn group of Beloitoceras. It is not closely allied to

any other Oncoceras.

O. casei Foerste. Black River, St. Joseph Island. A small

slender form, scarcely convex dorsally.

O. tetreaviviUense Foerste. Black River, Quebec. Apparent-
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ly intermediate between O. carlctoncnsc and 0. abruptum.

O. parviim Foerste. Bighorn formation, Wyoming. (Text

fig- II Q)- A small shell, strongly gibbous adorally. The gib-

bosity is high enough on the living chamber that the species might

be placed in Beloitoceras on the basis of Foerste's definitions.

O. (/) curi'icameratum Foerste. Ellis Bay formation, Anti-

costi. (Text fig. ii AE). This, like O. carlctoncnsc seems rather

close to the ajnocnum group with Beloitoceras.

O. collinsi Foerste. Black River of Ontario. Gibbosity is

greatest above the living chamber. The dorsum has a constric-

tion near the aperture. (I'ext tig. ii N-O).

O. foerstci Flower, n. sp. Leipers formation, Kentucky. Simi-

lar to collinsi in the prominent dorsal constriction but a less curved

species in whicli the sutures extend higher and are more inclined

adorally.

O. douglassi (Clarke) of the Prosser limestone of Minnesota.

A typical rather compressed form with a faint concavity of the

dorsum near the aperture.

The following Cincinnati species appear to be related.

O. carlsoni (Flovv^er). Cynthiana limestone. This is smaller

and broader in section but is otherwise quite similar to 0. doug-

lassi.

O. bassleri Flower, n. sp. This is a relatively small species

of the Leipers in which the phragmocone extends farther orad

and has more oblique sutures than in the above forms.

O. arlandi Flower, n. sp. Leipers formation. This approximates

O. douglassi more closely in size than the other Cincinnatian

species. It has sutures which extend farther orad on the venter.

O., sp. hn unnamed Oncoccras from the Leipers, known from

an incomplete living chamber. This is similar in shape to O.

bassleri but is a much larger form.

Oncoccras fossatum Flower, n. sp., is a relatively straight form

remarkable for the rapid change from transverse to oblique su-

tures in the adoral part of the shell.

Oncoccras covingtonense Flower, n. sp. Cynthiana limestone.
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A small gibbous form whidi is essentially a larger edition of

O. abruptuin with more oblique sutures.

O. jaberi (Miller). Maysville (Corryville?) beds. A small

gibbous form of broad section.

O. cincinnatiense (Miller). Maysville (Corryville?) beds. A
relatively slender form, closer to Beloitoceras in form than most

species but with the low gibbosity of Oncoceras.

O. delicatulum Flower, n. sp. Waynesville, Ohio. Very simi-

lar to O. cincinnatiense but with deeper cameras and apparently a

broader section.

0. ornalum (Miller). Bighorn formation, Wyoming. Miller de-

scribed this species as a Dowlingoceras. Foerste placed it in

Diestoceras. The strong dorsal constriction of the aperture

(text fig. II Z) suggests that this is an unusually straight shell

related to Oncoceras carletonense and O. foerstei. No similar

dorsal constriction is known in either Dowlingoceras or Diesto-

ceras.

Oncoceras anomalum Flower, n. sp. Whitewater beds, Ohio.

A relatively large and straight Oncoceras not closely related to

other species.

Three small species of the Hitz beds of upper Whitewater age,

O. cluncancc, O. exile, and O. madisonense, belong to the gener-

alized stock close to those forms of Oncoceras which appear in the

Chazyan. They seem to be the last survivors of the genus.

O. duncancc and 0. exile are relatively straight forms. O. mad-

isonense is more markedly exogastic, recalling O. casei in some

details more than any other described species. O. elkhornense

is the only known Elkhorn species.

Oncoceras carlsoni (Flower) '

Neumatoceras carlsoni Flower, 1942, Bull. Paleont., vol. 27, No. 103

pp. 23-24, pi. 3, figs. 3-5; pi. 4, fig. 9.

As noted under description of Neumatoceras, this species ap-

proximates the form of that genus very .closely. However, subse-

quent to its description, a closely allied species was found in the

Leipers formation which, like carlsoni, appeared on the basis of

the adoral part of the shell alone, to be a relatively slender Neu-
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matoceras, but when the phragmocone became better known it

was found that the form was instead that of an Oncoceras. The

classification of this new species, Oncoceras basslcri as an Onco-

ceras rather than a Neumatoceras is a necessary step in view of

the form of that species. Because A^. carlsoni is evidently more

similar to N. bassleri than any other known species, a generic

transfer is necessary for this species.

No new material of this species has been obtained, and the

reader is therefore referred to the original description and figures

for all available information concerning it.

Oncoceras fossatum Flower, n. ap. Plate 35, fig. 5

Conch relatively slender and straight for an Oncoceras, but

typical in the low position of the gibbous region over the adoral

camerse and base of the living chamber. Apex relatively slender

and straight, the dorsum scarcely convex adapically and the ven-

ter essentially straight. The dorsum becomes slightly con-

vex over the adoral part of the phragmo,cone and the base of the

living chamber, becoming slightly less curved near the aperture,

where the dorsum and venter converge slightly. The venter is

likewise straight adapically, becoming more convex than the dor-

sum, and being straight on the adoral third of the living chamber

where it approaches the dorsum. The sides are gibbous over the

adoral part of the phragmocone.

The holotype increases from 13 mm. in height and 10 mm. in

width at the base to a height of 2^^ mm. and an estimated width of

21 mm., in the basal 35 mm., and contracts to a height of 20 mm.

at the aperture, 15 mm. farther orad. The 11 camenx of the

phragmocone occupy a length of 31 mm. ventrally and 29 mm.

dorsally. The adoral sutures slope only slightly orad from dor-

sum to venter, and no clear lateral lobes are developed. The liv-

ing chamber has a length of 1 1 mm. dorsally and ventrally. The

aperture is approximately parallel to the suture at the base of the

living chamber. The hyponomic sinus was evidently very small

or wanting.

The internal mold bears fine rather distant shallow linear im-

pressions, giving the phragmocone the aspect sometimes con-
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sidered characteristic of Westonoceras. The cross section is shght-

ly compressed, the greatest width dorsad of the center, but the

venter is not strikingly narrowly rounded. The siphuncle lies

close to the venter.

Discussion.—The Cynthiana species is more similar to O.

hassleri of the Leipers formation than to any other form but is

more generalized in several respects. The sutures are less strong-

ly inclined orad on the venter and lack well-defined lateral lobes.

The shell is less strongly compressed in section, the venter is not

uniformly convex to the aperture on the living chamber, the

phragmocone and the shell wall have not developed so far beyond

the region of gibbosity, and the aperture is not strongly inclined

to the plane of the septum at the base of the living chamber.

Type.—^Holotype, U. S. National Museum, No. 59481.

Occurrence.—Tht specimen is labeled as doubtfully from the

Trenton of Eddyville, Kentucky. The lithology suggests the

Cynthiana or Leipers formation, only the Cynthiana being Tren-

ton.

Oncoceras covingtonense Flower, n. sp. Plate 36, figs. 6, 7

This is a small obese Oncoceras characterized by the strong and

uniform convexity of the ventral profile which has a radius of

curvature of about 35 degrees. The holotype consists of the

adoral part of a phragmocone and an incomplete living chamber.

Venter uniformly convex, dorsum poorly preserved, probably

originally slightly convex over the adoral part of the phragmo-

cone, though nearly straight. Sides gibbous, the greatest width

occurring well below the base of the living chamber. Section not

strongly compressed, greatest width in the dorsal third, venter

slightly more narrowly rounded than dorsum. The shell has a

width of 17 mm. and a height of 20 mm. at the base of the type.

In a length of 17 mm. the greatest width of 22 mm. is attained

while the greatest height of 24 mm. is attained slightly farther

orad approximately at the base of the living chamber. The phrag-

mocone has a ventral length of 24 mm., a dorsal length of 16 mm.
The living chamber has a ventral length of 17 mm. and is in-

complete dorsally. At the base of the living chamber the height

is 23 mm., the width, 21 mm. The height at the aperture is esti-
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mated at 20 mm., the width at 17 mm. The hyponomic sinus is

small, shallow, and rather inconspicuous. The sutures develop

only faint lateral lobes and slope increasingly orad on the venter

as they are traced orad in the shell. Eight camera' are present

in the type which range from 2.4 to 3 mm. in depth. The last

camera is slightly shorter than the others. The siphurcle is small,

I mm. at the septal foramen and 2 mm. from the venter.

Discussion.—This species agrees in shape with Oncoccras

ahrupiiim Hall rather .closely but is a considerably larger form.

The ventral profile is somewhat more strongly and uniformly

curved, and the sutures become more oblique in the adoral part

of the shell. The conch is much more gibbous than that of 0. carl-

soni. The camer?e are shorter, less strongly inclined orad on

the venter, and the ventral profile is more uniformly curved than

in the Leipers species, O. hasslcri.

Type.—Holotype, U. S. National Museum, No. Z183QI.

Occurrence.—From the Point Pleasant beds, Cynthiana lime-

stone. West Covington, Kentucky.

Oncocora?!, sp. Plnte 40, fie 11

Specimen 43 mm. in length ventrally, venter evenly convex,

radius of curvature, 50 mm. Dorsum poorly preserved, straight,

and diverging from venter to base of living chamber, missing

farther orad but apparently becoming slightly convex. Section

compressed but not markedly narrower on venter than on dor-

sum. The shell expands from 12 mm. in height and an estim-

ated 10 mm. in wirlth to 22 mm. and 21 mm. in a ventral length

of 20 mm. Ten camera? occupy a ventral length of 21 mm. .Su-

tures straight, lacking lateral lobes, and become increasingly in-

clined orad on the venter as traced orad. The siphuncle is not

exposed. The living chamber has a ventral length of 22 mm.

but is too badly weathered to show the aperture.

Discussion.—This badly weathered specimen is figured here

inasmuch as it obviously represents a Cynthiana species which

is otherwise unknown. O. covinqtonense is similar in general

form, perhaps more so than any other species, but is more gib-

bous, larger, and has a much shorter living chamber,

Figured specimen.—Shjdeler Collection.
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Occurrence.—From the Cynthiana limestone in a quarry 2V2

miles from Winchester on the Ruckersville road, Ohio.

Oncoceras bassleri Flower, n. ap

Plate 11, figs. 1-2; Plate 17, figs. 4-6, 8, 10

Conch moderate in size, relatively straight adapically. Ven-

tral profile slightly convex throughout, but more strongly curved

adorally and nearly straight adapically. Dorsum nearly straight

adapically, convex over adoral part of phragmocone, straight and

converging toward venter over the living chamber. Sides faint-

ly and nearly uniformly convex, converging gradually orad from,

the adoral part of the phragmoicone.

The three specimens, from which this form is known, show

some variation in proportions. The holotype (PI. 17, fig. 10)

is a relatively complete but somewhat weatliered internal mold,

63 'mm. long. At the earliest point where measurements can be

taken, the apex being encrusted by Bryozoa, the shell is 12 mm.,

high and 11 mm., wide. In a ventral length of 40 mm. and a

dorsal length of 35 mm. the maximum diameters of 19 mm. and

24 mm. are attained. The aperture lies 20 mm. farther on the

venter and is 13 mm. in width and 16 mm. in height. The liv-

ing chamber has a ventral length of 15 mm. and a dorsal length

of 12 mm., and at the base, as measured along the strongly in-

clined suture, is 19 mm. wide and 23 mm. high. The sutures

are clear only adorally, where they slope orad from dorsum to

venter with shallow broad lateral lobes. Three ephebic camerse

average 3 mm. in depth; a fourth shorter camera is present just

below the base of the living chamber. The siphuncle is not shown

in the type. The aperture is strongly inclined orad from dorsum

to venter but is not clearly preserved, and no hyponomic sinus

is evident. The surface features are not preserved.

A second specimen (PI. 11, figs, i, 2; PI. 17, fig. 8) consists

of the extreme adoral end of a shell, a living chamber and three

attached camerse, which both Foerste and the writer independent-

ly regarded as Ncumatoceras. This is a living chamber with
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three attaclieil caineiie, suincwliat weathered basall), and expos-

ing the siphuncle on the fust camera on the venter. The basal

vviilth is 20 mm., the height 24, probably originally 25 mm. Basal

camera incomplete. iVdoral two camera with a combined length

of 2 mm. dorsally and nun. ventrally. Sutures sloping orad

from dorsum to venter with broad lateral lobes. Siphuncle ob-

scurel}- outlined on weathered surface of venter, rounded, appar-

ently slightly longer than wide. Living chamber, 11 mm. long

dorsally, 17 mm. laterally, 15 mm. ventrally. Hyponomic sinus

low, broad, poorly set off from the remainder of the aperture.

Aperture 20 mm. high, 16 mm. wide, more inclined than the last

septum. Cross section at base of specimen compressed, but not

conspicuously narrowed on the venter (PI. 17, fig. 8). This

specimen differs from the holot3pe mainly in the larger aperture,

a difference which may be in part due to poor presei'vation of

the adoral end of the type, as otherwise the proportions of the

two are extremely .close.

A third specimen, (PI. 17, figs. 4-6) an isolated living cham-

ber to which a calcite-filled portion of a phragmocone (not fig-

ured) pertains, presents a very different aspect but has almost

the same proportions. The living chamber is 19 mm. wide and

22 mm. basally and contracts in a ventral length of 17 mm. and

a dorsal length of 10 mm. to tlie aperture which is 17 mm. high

and 16 mm. wide.

Discussion.—The two specimens which retain the adoral part

of the shell present the aspect of a Ncitmatoceras rather than an

Oncoccras. The holotype, however, shows that the gibbosity of

the adoral part of the phragmocone is not so marked as in typi-

cal Neumatoccras, the adapical part of the shell is less curved and

more gradually expanding, and the hyponomic sinus is not so

strongly developed as in Nenmatoceras. Nevertheless, as can be

seen by comparing this form, text figure 12U, with the lateral

views of other species referred to Ncuuiatoccras by Foerste, the

difference is almost gradational from Oncoccras to Nenmatoceras,

while other species of Neumatoccras approach the form of Beloit-

oceras.
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This species is closel_v allie'l to A'cujiiatoccras carlsoni Flower

of tiie Cynthiana limestone. It differs in that the section of A'^.

carlsoni is more narrowly loundcd on the venter, the venter is

slightly more convex over the adoral part of the phragmocone

and less curved over the most adoral part of the living chamber

known, and the sutures develop sliglitly higher and sharper sad-

dles on tiie venter. Neve. thclcss, the species are sufficiently sim-

ilar to suggest that t]ie_\- ouglut to be placed in one genus.

Types.—Holotype, Univ. of Cincinnati, No. 24474. Para-

types, Univ. of Cincinnati, No. 24279, and one specimen in the

collection of Dr. W. H. Shideler.

Occurrence.—From the Leipers formation of the Cumberland

River, at Belk Island, and at Rowena, Kentucky.

Oncoceras arlandi Flower, n. sp. Plate 15, figs. 1, 2

Conch breviconic, exogastric, compressed, typical of Onco-

ceras in form, but a relatively slender species. The holotype is

60 mm. long, tiie venter almost uniformly convex, its radius of

curvature varying from 52 mm. basally to 35 mm. near the re-

gion of greatest gibbosity and increasing to 70 mm. on the liv-

ing chamber. The dorsal profile is slightly concave adorally,

slightly convex over tlie basal part of the living chamber and

the adoral part of the phragmorone, and nearly straight approach-

ing the venter slig^itly over the adoral part of the living chamber,

The sliell increases from a height of 11 mm. and a width of 9

mm. near the base to 2.\ mm. and 27 mm. at the base of the liv-

ing chamber, in a ventral length of 42 mm. and a dorsal length

of 30 mm. Tlie sutures curve from dorsum to venter adorally.

Curiously, contraction of tlie shell is such that the height is the

same at the extreme base of the living chamber normal to the

shell and along the suture, which is inclined forward toward a

part of the venter which is more contracted. The living cham-

ber is 15 mm. long on the dorsum, 23 mm. on the venter. At the

apertvu-e, the lieight is 20 mm., th.e width 15 mm. The aperture

is approximatel)' parallel to the last suture, being inclined orad

on the venter.
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The sutures are straiijlit ami transverse basall_\, inclined orad

on the venter atlurall}, hut a; e without clear lateral lobes. Fif-

teen camene are preserved on the t3[;c exhibiting onl) a sh;;ht

range of variation in depth. The sipliuncle has not been ob-

served.

Fragments of the shell fail to i)rcserve an}- surface markings.

The aperture is not clear ventrally, but there is no trace of a

h} ponomic sinus w^hich must be small and poorly developed or

absent.

Discussion.—This species is most similar to Oncoceras cioug-

lassi (Clarke) (see Foerste 1932, 1933) of the Prosser of Min-

nesota. It agrees with that species in general proportions, but

the dcjrsum is less contracted on the living chamber, and the

atloral sutures and aperture are mucli more inchned orad on the

venter. No Upper Ordovician species arc known which are

closely similar.

Type.—Holotype, Univ. of Cincinnati, No. 24228.

Occurrence.—Leipers beds, Cumberland River, at Rowena,

Kentucky.

Oncoceras foerstei Flower, n. sp, Plate 10, figs. 3, 4; Plate 16, fig. 2

Shell a small, strongly curved oncoceroid. The ventral pro-

file is convex, tlie radius of curvature varying from 40 mn). at

the base to 20 mm. at the gibbous region, and becoming uniform-

ly 30 mm. near the aperture. The dorsum is convex over the

preserved basal portion of the shell but must have become con-

cave adapically. Orad of the center of the living chamber the

dorsum bears a prominent constriction beyond which it flares

slightly to the aperture. The holotype expands from 20 mm.

and 18 mm. to 25 mm. and 22 mm. in the four adoral camera

of the pliragmocone, a dorsal length of 9 mm. and a ventral

length of 12 mm. The living chamber has a dorsal length of 17

mm. and an estimated ventral length of 22 mm. The aperture,

which is obscure ventrally, is 18 mm. wide and about 21 mm.
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high.

The sutures slope oiad slightly on the venter but do not de-

velop clear lateral lobes. The septa are very shallow, almost

flat. The camerse are fairly uniform in depth. The siphuncle lies

close to the venter. Tiuee segments are exposed in the sec-

tioned adapical portion of the holot)'pe. They are relatively

broad at the septal foramen, a segment 3 nmi. long expanding

from 1.6 mm. to 3 mm. The septal necks are free, recurved,

but gently bent Ijack rather than recumbent. The connecting

rings form rtnmded segments without any marked areas of adna-

tion. There are no deposits witbin the siphuncle.

The shell surface is not preserved. The aperture inclines

orad from dorsum to venter and is obscure on the mid-ventral

region where presumably a shallow hyponornic sinus develops.

Discussion.—The single specimen upon which this species is

based consists of two parts. The adoral part, of which two views

are shown, is a clearly preserved internal mold. The venter has

been partially lost by weathering, however, and the ventral part

of the aperture is not clearly preserved. The adapical part of

the pliragmoconc was so encrusted by calcareous alga; that its

surface could not be uncovered. In section, however, it yield-

ed three segments of the siphuncle, and although distorted on

the dorsum, retains the ventral profile for a considerably earlier

pa it of the shell, showing that the complete conch was quite

strongly curved and probabl}^ had a maximum length of less

than 50 mm.
The species wlu'ch are related to this one are discussed in

connection with the genus. They form a group of Upper Ordo-

vician species, not, however, completely distinct from some Mid-

dle Ordovician forms. Of these species, 0. focrstci is distinctive

in the strong curvature and its proportions. Those of its rela-

tives which are similarly strongly curved arc smaller, and the

only larger form, O. oriiafmii (Miller), is less curved, so

much so that its identity with Oucoce^^as is only evident tlirough

its similarity with this and other species. Part of Nctunatoccras,

at least, is close to this group of species in Oncoccras. The pres-

ent form is suggestive of A^^. nutans Foerste (1935, pi. 2, figs. 1-2)

but is less convex in ventral profile.
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Type.—Holotype, Univ. of Cincinnati, No. 24229.

Occurrence.—From the Leipers beds, Cumberland River, at

Rowena, Kentucky.

Oncoceras (,?), sp. Plate 17, figs. 7, 9, 12

This is known only from a portion of a living cliarnber and is

too fragmentary to serve as a type of a new species, it is il-

lustrated and brieil) described, since no associated species ap-

proaciies it in general proportions. It consists of the basal part

of the living chamber, evidently of a form similar to Oncoceras

basslcri but very considerably larger, to which is attached one

incomplete camera. The cross section at the base is faintly com-

pressed, 25 mm. wide and 28 mm. high, with the greatest width

at or just ventrad of the center of the section. Comparable stages

of 0. bassleri show a somewhat nanower venter and are much
smaller. The siphuncle is circular in section, 2 mm. in diameter,

1.4 mm. from the venter. The incomplete camera has a depth

of 3 mm. The living chamber, incomplete, has a length of 13

mm. dorsally and 14 mm. ventrall}'. It contracts orad both

laterally and vertically. Nothing is known of the aperture. The
sutures bear less prominent lateral lobes in this form than in the

smaller O. bassleri, and from the present incomplete specimen

the degree of their inclination forward from dorsum to venter is

uncertain.

Discussion.—The proportions of this species, even from the

inadequate information furnished by the single known specimen,

show that it is not conspecific with any other form of the Cin-

cinnati region but is most similar to the associated and much
smaller Oncoceras bassleri.

Figured specimen.—Univ. of Cincinnati, No. 24280.

Occurrence.—From the pelecypod layer directly above the

Tetradium beds of the Leipers, Rowena, Kentucky.

Oncoceras faberi (Miller) Plate 17, fig. 11; Plate 35, fig. 7
Gomplioceras fuhcri Miller, 1884, Cincinnati Soc. Nat. Hist., Jour., vol. 7

p. 19, pi. 4, fig. 2, 2a; James, 1886, ibid., vol. 8, p. 244; Harper and
Bassler, 1896, Cat. Foss. Trenton and Cincinnati periods occurring in
the vicinity of Cincinnati, Cincinnati, p, 27; Nickles, 1902, Cincinnati
Soc. Nat. Hist. Jour., vol. 20, p. 85; Bassler, 1915, U. S. Nat Mus
Bull. 92, vol. 1, p. 560.

'
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Oncoceras {?) fahcri Foerste, 1924, Dcnison Univ. Bull., Sci. Lab., Jour.,

vol. 1^0, p. 23y.

The holotype represents a living chamber and seven attached

cameree, 30 mm. in length. The venter is convex in profile, the

curvature greatest shortly below tlie base of the living chamber.

The dorsum is slightly convex in profile ]jut nearly straight. The

sides are convex, more curved adapically over the gibbous part,

and become less curved as they approach each other tow^ard the

aperture. The specimen has a basal height of 17 mm., while

the width, which cannot be determined fnjm the material at

hand, is probably about 15 mm. The greatest width lies dorsad

of the middle, the venter being more narrowly rounded than

the dorsum. In a ventral length of 13 mm. the greatest height

of 20.5 mm. is attained. The phragmocone, consisting of seven

camerre, the basal one incomplete, has a ventral length of 20

mm. and a dorsal length of 14 mm. The adoral sutures become

inclined orad from dorsum to venter. The living chamber has a

ventral length of 15 mm. and a dorsal length of 10 mm. At its base

the height is 20 mm., at the aperture it has contracted to 14 mm.

The aperture is apparently not complete. The surface features are

not shown. The siphuncle is close to the venter. The camerse,

except the last which is gerontically shortened, average 2 mm. in

depth.

A hypotype, shown on Plate 17, fi.gure 11, represents a some-

what crushed specimen displaying a slightly more complete living

chamber. It is 33 mm. in length. At the second suture from the

base the height is 20 mm. and contracts in the basal 10 mm. of the

living chamber to 10 mm. The adoral part of the living chamber

shows further .contraction but is incomplete. The dorsal profile

of this specimen becomes faintly concave just before the aperture.

The specimen agrees with the type in the convexity of the shell

and the relatively deep camerse.

Discussion.—This is a rare species generally regarded as com-

ing from the Corryville beds. The above description is based

upon a plastoholotype in the collections of the U. S. National

Museum, since the type could not be found at the time when this
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study was made. The species differs irom Oncoccras cinciii-

nafit'iisc in the deeper camene, the br(jader section, and in parti-

cular, in the strongly gibbous ccmdition of the sides, a feature not

shown at all in the original illustrations or description. James

considered G. fabcri and ii. ciiicinnatiense conspecilic. They are

quite distinct, differing markedl}- in form. Foerste (192^)

placed cincinnatiensc in Oncoccras, while including jahcri in the

genus only with doubt. A restudy of the material shows that

G. fabcri is really more typical of Oncoccras than is G. ciiicin-

):atic)isc, the latter being slender in form and belonging to a group

of species which approach the form of Bcloitoccras.

Types.—Holotype, Univ. of Chicago, No. 8769. Plastoholo-

type (here figured in the absence of the holotype), U. S. Nat.

Mus., No. 67448. Hypotype, Univ. of Cincinnati, No. 23906.

Occurrence.—The holotype is regarded by Harper and Bassler,

Nickles, and Bassler, cited above, as from the Corryville horizon.

Our hypotype is from the Maysville of Ma\sville, Kentucky. The

species has not been collected by the writer.

Oncoceras cincinnatiense (Miller) Plate 35, figs. 2, 3

Gomphoceras ciiicinnaticn^sc Miller, 1884, Cincinnati Soc. Nat. Hist.,

Jour., vol. 7, pi. 4, figs. 1, In.

Gomphoceras cincinnatiense Harper and Bassler, 1896, Cat. Foss. Tren-
ton and Cincinnati periods occurring in the vicinity of Cincinnati,

Cincinnati, p. 27 ; Nickles, 1902, Cincinnati Soc. Nat. Hist., Jour., vol.

20, p. 85; Bassler, 1915, U. S. Nat. Mus., Bull. 92, vol. 1, p. 5(50.

Oncoceras cmcinnuUense Foerste, 1924, Denisou Univ. Bull., Sei. Lab.,
Jour., vol. 20, p. 239.

Vientral profile scarcely convex adapically, curved over the

adoral pant of the phragmocone and the living chamber. Dorsum
slightly concave over adapical part of phragmocone, becoming

faintly convex at base of living chamber and remaining convex

to aperture though becoming more nearly straight. A plastotype

of the holotype is 32 mm. in length. The height increases from 13

mm. to 19 mm. in a ventral length of 18 mm. and contracts to 15

mm. in a length of 18 mm. moi"e. The base of the living chamber

lies well above the gibbous part of the conch. Its height is 19 mm.
along the slightly O'blique basal suture. Its ventral length is 12
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mm., the dorsal length <S mm. The aperture is obscure and ap-

parently not quite complete. The sides expand gradually to the

gibbous region and contract more rapidly to the aperture. The
cross section is considerably more compressed than in O. jahcri.

The sutures are essentially straight with only vestigial lateral

lobes but become slightly more oblique at the adoral end of the

phragmocone sloping slightly orad from dorsum to venter. Nine

cameras are present which are subequal in length. The phrag-

mocone has a dorsal length of 15 mm. and a ventral length of

20 mm.
The only other specimen available (PI. 35, fig. 2) is a badly

flattened shell from the Ulrich collection of the U. S. National

Museum. This specimen, 30 mm. long, expands to 21 mm. and

contracts to a slightly oblique aperture of 13 mm. Distortion

has afifected the sutures, v/hich form slight rounded saddles on

the side exposed and lobes on the opposite side, a sign of oblique

flattening. The depth of the camera? and the length of the living

chamber are similar to those shown on the holotype.

Discussion.—This species is redescribed on the basis of a holo-

plastotype and one hypotype. It is a very rare form apparently of

Maysville age, attributed by Nickles and Bassler to the Corryville.

The original description indicates that the type is from "the mid-

dle part of the Hudson River group near the tops of the hills at

Cincinnati." The species is relatively slender for an Oncoccras

but has the low gibbosity which is used as a criterion of this genus

in contrast to Beloitoceras. This species is, however, admittedly

one of several which are on the borderline between the genera.

The original illustration like that of G. jabcri is misleading as to

proportions and aspect of the holotype. This shell is more slender

and the camerse are shorter than in the presumably associated

G. faberi, and the section is much more compressed. More sim-

ilar to O. Cincinnatiense is the next species, O. delicatuhmi, of the

Waynesville, a species which has slightly deeper camerse and a

longer living chamber, and also one which is not so narrow in

cross section.

Types.—Holotype, University of Chicago, No. 8770. A plasto-
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type which is the basis of our figure is U. S. Nat. Mus., No.

67449. The flattened specimen, figured here as a hypotype, is No.

4883896.

Occ7trre)icc.—Probably from the Corryville beds of Cincinnati,

as incHcated by Nickles (1902) and Bassler (1915).

Oncoceras (?), sp. Plate 35, fig. 4

This is a badly weathered portion of a brevicone 39 mm. in

length, associated with O. cincinnatiensc. Only one side of the

shell of the specimen is preserved, retaining 10 ,camera2 and a part

of a living chamber. The shell expands from 13 mm. to 21 mm. in

the basal 30 mm. and contracts to 19 mm. in the next 10 mm. The

phragmocone is 32 mm. long consisting of 10 camerse. The venter

is slightly curved becoming more convex over the gibbous region.

The dorsum is straight apically becoming convex over the adoral

part. The gibbous region is well below the base of the living

chamber, which is incomplete.

Discussion.-—This form is distinctive in tlie relatively deep

camerre and the slight convexity of the dorsum and appears

very different from any other brevicone of the Maysville. It is

known only from this one specimen, which is too incomplete to

serve as the type of a new species.

Type.—U. S. National Museum, No. 48396.

Occurrence.—^From the Corryville beds, Cincinnati, Ohio. This

specimen was associated in the collection of the U. S. National

Museum with the specimen used here as the hypotype of Onco-

ceras cinci)inatiense, the two bearing the same number.

Oncoceras delicatulum Flower, n. sp. Plate 32, figs. 1-7

Section compressed, the venter scarcely more narrowly round-

ed than the dorsum. The ventral profile is slightly and nearly

uniformly convex, but with a radius of .curvature varying from

35 mm. to 60 mm. probably due in a large part to distortion. The

dorsum is concave adapically, but nearly straight, becoming con-

vex over the adoral phragmocone and basal living chamber, and is

straiglit approaching the venter, over the greater part of the

length of the living chamber. The sutures lack clear lateral lobes
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but slope increasingly orad on the venter when traced toward the

living chamber.

I'he most complete specimen, (PI. 32, figs. 7,8) though badly

flattened adorally, expands from 12^ mm. and 14 mm. at the

base to 16 mm. and 19 mm. ventrally. The succeeding 15 mm. on

the venter is a crushed continuation of the phragmocone, esti-

mated to contain seven camera;, at the adoral end of which the

lieight is 2^ mm. and the width only 1 1 mm. because of compres-

sion after burial. The succeeding living chamber has a maximum
length of 19 mm. and attains a height of 26 mm.

Another specimen, representing a better phragmocone but re-

taining less of the living chamber (Univ. of Cincinnati, No. 24410,

PI. 32, fig. i), is selected as the holotype. In the phragmocone,

16 mm. ventrally and 12 mm. dorsally, the shell expands from 15

mm. and 13 mm. to 21 mm. and 16 mm. The ensuing portion

of the living chamber is 18 mm. long and partially crushed. The

phragmocone consists of 10 camera;. The septa are nearly flat.

The siphuncle is small and marginal. A third specimen, consist-

ing only of a phragmocone, increases from 11 mm. and 13 mm. to

17 mm. and 18 mm. in a ventral length of 16 nim. and a dorsal

length of 13 mm., the interval embracing 10 .camerse. The dorsal

profile here is straight adapically and faintly convex adorally.

Another specimen, uniformly compressed and showing an ab-

normally small curvature for the venter, has a height of 20 mm.
and a widtii of 15 mm. at the base of the living chamber which

is 16 mm. long and appears to attain a part of the aperture ven-

trally, suggesting a well-developed liyponomic sinus in the species.

The siphuncle has short thick septal necks, scarcely if at all re-

curved, segments which expand rapidly beyond the neck to a

maximum width orad of the middle of the segment and contract

more gradually apicad, meeting the next septal neck with no area

of adnation. The segments are obscurely heart-shaped and have

no organic deposits.

The small fragments of the shell which remain fail to show

any surface features. The exterior was apparently smooth.

Discussion.—This species is particularly characteristic of the
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trilobite shales of the lower Waynesville where, however, it is not

a particularly abundant species and where it is always represent-

ed by incomplete shells in which the living chamber is either miss-

ing or very badly crushed. This is a short rather plump species,

though the gibbosity is slight, and is one of the numerous border-

line species close enough to Bdoitoceras that its generic position

rests upon arbitrary boundaries. No described forms are parti-

cularly close to this species, however, the closest being probably

Oncoceras cincinnatiense (Miller) which has shorter camerse, a

more slender shell, and a living chamber which appears to con-

tract much more strongly to the aperture. It is distinctive in the

reduced gibbosity, the absence of good lateral lobes, and the shal-

low subequal camerse.

Types.—Holotype, Univ. of Cincinnati, No. 24410. Paratypes,

Univ. of Cincinnati, Nos. 24411-24413, and one specimen from

the collection of Miss Carrie Williams.

Occurrence.—From the "Orthoceras duseri" beds, uppermost

Fort Ancient, lower Waynesville. Found in the vicinity of

Clarkesville and Fort Ancient in Stony Creek, Penquite Hollow,

and other streams in the region.

Oncoceras anomalum Flower, n. sp. Plate 42, fig. 1

The holotype is a nearly straight shell, 60 mm. in length, ap-

parently slightly flattened by pressure. The venter is faintly and

nearly uniformly curved throughout. The dorsum is essentially

straight adapically, slightly convex over the adoral end of the

phragmocone and the base of the living chamber, and shows a

faint concavity near the adoral end. The sides appear to have

been slightly and nearly uniformly convex. The shell increases

in height from 20 mm. at the base to 29 mm. in a length of 30 mm.,

and decreases to 25 mm., 20 mm. farther, the farthest point at

which the shell is complete dorsally. Ventrally the aperture lies

60 mm. beyond the base, but slopes apicad from venter to dorsum

so that the plane of the aperture is inclined to the normal cross

section. The height of the shell at the aperture is estimated at

25 mm. The sutures show broad low inconspicuous lateral lobes,
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and scarcely slope orad from dorsum to venter. The basal 35 mm.
of the shell consists of the phragmocone. The camerse are sub-

equal in depth, the last three occupying a length of 10 mm. The
siphuncle is unknown. The aperture is obs,cure, but shows a well-

developed hyponomic sinus. The cross section is distorted, but

in its present condition the shell is 25 mm. wide where it is 30 mm.
high at the gibbous portion, and the venter does not appear to have

been more narrowly rounded than the dorsum.

Discussion.—This appears as a rather generalized and non-

commital species, but in the profile and in the relatively straight

and transverse sutures, it is distinct from all of its congeners.

Most species of Oncoceras are more rapidly expanding, more

curved, and have shorter living chambers. The low position of

the gihbous region requires that this form be placed in Oncoceras

rather than Beliotoceras, as does the convexity of the dorsal sur-

face. Oncoceras ornatum (Miller) of the Bighorn dolomite may
be related but is distinguished readily by the more marked in-

flection of the shell on the dorsum near the aperture.

A second specimen of the same species has been found in a

much flattened condition in the Saluda beds above the coral zones

at Versailles, Indiana. Flattening has increased the height of the

shell and also the length, but the two agree closely in the spacing

of the septa, the development of lateral lobes, .curvature, and gen-

eral proportions. The living chamber on this specimen is slightly

longer, having a maximum lateral length of 33 mm. Even here

the aperture is not clearly retained.

Types.—Holotype, collection of Dr. W. H. Shideler, Miami

University.

Occurrence.—From tlie Whitewater beds, just below the

Rhynchotrcnia dcntata zone, Dodge's Creek, Oxford, Ohio, and

from the Saluda beds above the coral zones, essentially the same

horizon at Versailles, Indiana.

Oncoceras duncanse Flower, n. sp. Plate 36, fig. 4; Plate 37, fig. 4

This is a moderate-sized straight Oncoceras. The veiater has a

radius of curvature of about 70 mm. and is curved uniformly

throughout the known part of the shell. The sides are slightly
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convex, the greatest width hein;,^ attainetl apicad (jf tlie greatest

shell heig"ht, J5 mm. below the aperture. The dorsum is incom-

pletely known, but is faintly concave near tlie aperture, and faint-

ly convex 15 mm. below the aperture, the earliest part at which it

is preserved. The type is 38 mm. long, but weathered 'basally ; 15

mm. before the aperture the height is 23 mm. and the width i3

mm. At the aperture the height is 21 mm. and the width 16 mm.

The venter is more narrowly rounded than the dorsum, but the

greatest width is essentially at the mid-height of the sliell.

The basal 20 mm. of the specimen represent tlie phragmocone.

The course of the sutures is essentially transverse, and lateral

lobes are not well developed. The sij^huncle is small ami close to

the venter. The surface of the shell bears transverse rugose

markings. These slope downward on the venter indicating the

presence of a hyponomic sinus.

Discussion.—This species, represented in ovu^ material by the

holotype and one rather poor fragment, is larger and broader

than O. exile and also somewhat more gibbous. The species is

relatively slender for One oceras but is placed lie re dwQ to the lov^^

position of the gibbosity, particularly the lateral gilibosity, on the

conch.

Holotype.—Univ. of Cincinnati, No. 24.^81.

Occurrence.—In the upper part of the .Saluda, in an associa-

tion which is essentially that of the Hitz fauna of Madison, In-

diana, though less dwarfed, at Canaan, Indiana.

Oncoceras exile Flower, n. sp. Plate 32, fips. 13-14; Plate 39, figs. 1-2

This is a small extremely slender species, scarcely gibbous, but

the slight inflation of the shell lies on the phragmocone, as is typi-

cal of Oncoceras rather than Eeloitoceras. The ventral profile is

faintly convex throughout. The dorsum is faintly concave ad-

apically, as shown by a paratN'pe, becomes slightly convex ad<M-ally

and is nearly straight, approaching the venter very slightly over

the greater part of the length of the living chamber. The holo-

type has a maximum length of 37 mm. At the base it is com-

pressed, the dorsum slightly more broadly rounded than the ven-
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ter, and is ii mm. wide and 12 mm. high. In 18 mm. the greatest

diameters of 19 mm. and 16 mm. are attained. Near the aperture,

30 mm. beyond the base, the height is 18 mm. the width 14 mm.
The aperture is incomplete but has essentially these measure-

ments. The adoral camerae are obscure, but apparently the living

chamber has its base 15 mm. above the base of the specimen, giv-

ing it a basal height of 19 mm., a width of 14 mm., and a ventral

length of 23 mm.
The sutures are essentially normal to the axis of the shell

and develop only faint lateral lobes. At the base of the type the

camerje are about 1.3 mm. in length. The siphuncle is small,

ventral, and scarcely expanded within the camerae.

A paratype, in the collections of the U. S. National Museum,

shows the earlier part of the shell, in which the dorsum is faintly

concave. This specimen, 8 mm. wide and 9 mm. high at its base,

expands to 14 mm. and 16 mm. in a length of 15 mm., the dorsum

changing from slightly concave to slightly convex.

Discussion.—This species is unique in its very slender form

and nearly straight shell. Oncoceras dimcance is a larger form,

slightly more gibbous, but the only type which agrees at all closely

with O. exile in general form. The siphuncle as observed in a para-

type is extremely slender and close to the suborthochoanitic form

found in comparable stages of Chazyan species.

Types.—Holotype, Shideler Collection. Paratypes, two speci-

ments, U. S. National Museum.

Occurrence.—All specimens are from the Hitz layer, of Madi-

son, Indiana.

Oncoceras madisonense Flower, n. sp. Plate 39, figs. 4, 5, 8, 9

Under this name I include small exogastric species of Onco-

ceras which show su,ch variation that no two have precisely the

same proportions. The holotype, Univ. of Cincinnati, No. 171 79,

is a shell 32 mm. long. Near the base the section is nearly circu-

lar being 11 mm. high and 10 mm. wide. Here the dorsum is

faintly concave and the venter is convex in profile. The dorsum

then becomes convex, the venter more gibbous, so that in a length

which is 8 mm. dorsally and 15 mm. ventrally the height is 17 mm.
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and the width 14 mm. In a dorsal length of 10 mm. and a ventral

length estimated at 14 mm., the aperture is reached. This is in-

complete, but the height close to it is 15 mm. and the width is

probably .close to 13 mm. The smooth shell covers most of the

specimens and the sutures are for the most part obscured. The

septum at the base of the living chamljer is exposed by weather-

ing on one side, showing that the living chamber lias a maximum
length of lO mm., and its base lies slightly orad of the most gib-

bous part of the shell. The siphuncle has not been observed.

A second specimen, v/hich I tentatively include under this

name, is similar in form but smaller and less strongly compressed.

It increases from 7 mm. and 8 mm. at the base to 15 mm. and

lO mm. in 22 mm. As above, the dorsum changes from concave

to convex. In 15 mm. more the aj^x^rture is reached wlii.ch is only

13 mm. wide and has an estimated height of 15 mm. The adoral

part of the shell is weathered ; basally the shell obscures th.e phrag-

mocone.

Discussion.—The two specimens upon which this description is

mainly based represent tvvo forms which are similar but apparent-

ly do not intergrade, althouj.di otlier speci)ncns are admittedly

quite fragmentary. It is jiossiblc that the slight variation in size

and shape may be due to sexual dimorphism and not to inherent

variation within a species. No forms from the Middle Ordovician

or from elsewhere in the Cincinnatian of Ohio or Indiana are

known which are particularly ,close to tliis shape or size. Onco-

ccras parvum Foerste is not unlike this species adorally but ad-

apically is much more abruptly curved.

Types.—Holotype, Univ. of Cincinnati Museum, No. 24495.

Paratype, U. S. National Museum.

Occurrence.—Hitz bed, Madison, Indiana, in the uppermost

Saluda.

Oncoceras elkhornonse Flower, n. sp Plate 31, figs. 3, 5

This is a small, short, strongly gibbous compressed shell. The

holotype, the most complete specimen, is slightly crushed laterally.

In its present form it is 22 mm. in length. The venter is more

convex than the dorsum throughout most of the sliell, l)ut becomes
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faintly concave at the aperture, while the dorsum becomes straight

at this point. The shell expands from a height of i8 mm. and a

width of II mm. to a height of 20 mm. and a width of 15 mm. in

the basal 13 mm., and contracts to an aperture of 19 mm. and

13 mm. The adoral four camerse occupy a length of 9 mm. and

are subequal in length. The sutures lack lateral lobes and are

anomalous in that they slope slightly apicad from dorsum to

venter, the reverse of the usual condition. The greatest gibbosity

is attained at about the level of the base of the living chamber

which has a length of 11 mm. on the venter. The aperture de-

velops a broad and shallow but clearly recognizable hyponomic

sinus on the venter. The siphuncle has not been observed.

Discussion.—This species is represented in our material by

three specimens, all from the same locality. The holotype, the

best preserved form, is slightly compressed by pressure. Of the

other specimens one is very roughly preserved, and the other is

very badly weathered. In form this species falls v/ithin the genus

Oncoceras, but is without close relatives in it, and is unusual in

the small size, extremely gibbous form, and the direction of the

sutures. The shell is oriented on the basis of the h}'ponomic

sinus. No tra,ce of the siphuncle has been found, although the

ventral side of the holotype was ground after the specimen was

photographed. The septa are poorly preserved internally and the

siphuncle could not be found.

Types.—Holotype and two paratypes, Shideler Collection.

Occurrence.—From the middle Elkhorn, exposures in a creek

south of College Corner, Ohio, near the Indiana border.

Genus BELOITOCERAS Foerste

Beloitoceras Foerste, 1924, Denison Univ. Bull., Sci. Lab., Jour., vol. 20,

p. 244; Foerste, 1926, Hid., vol. 21, p. 317; Foerste, 1933, ihid., vol.

28, p. 98; Foerste, 1935, iMd., vol. 30, p. 28.

The shells of this genus are exogastric compressed brevicones,

the inflation of the shell relatively slight in comparison with

Oncoceras, the aperture usually gently contracted, and with a

hyponomic sinus. The dorsum may be concave adapically but is
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generally either strait^iiter or slightly convex over parts of the

living chamber. The more gibbous species api^ear to grade into

Oncoccras, but typical forms differ from that genus in having

the gibbosity when developed well on the living chamber, where

both the greatest width and greatest height are attained. In

Oiicuccras, on the otlier hand, the greatest height and width are

both typically found well below the base of the mature living

chaml>er. The sutures tend to slope increasingly orad from

dorsum to venter when traced orad from the beginning of the shell

and develop lateral lobes. The siphuncle lies close to the venter

;

it is t}pically composed of rather slender cyrtochoanitic seg-

ments, but there is considerable variation in the form of the seg-

ments observed in the various species. Early stages of Chazyan

species which are practically on the borderline between Bcloito-

ccras and Oncoceras are suborthochoanitic. A few species show

segments wdiich are scalariform, while the most typical condition

is that of elongate oval segments, usually greater in length titan in

diameter. No organic deposits are known in the siphuncle.

Vestigial cameral deposits may be present in some species appear-

ing as faint longitudinal impressions on the internal molds of the

phragmacones. In mature shells the basal zone may be developed.

Discussion.—Beloitoccras was originally set apart from Onco-

ccras for shells which were relatively slender, lacking gibbosity

completely, or having it developed high up on the living chamber

instead of on the adoral part of the phragmocone. Under this

definition the genus has come to embrace more species ranging

from the Chazyan to the Richmond, than Oncoceras itself. Twen-

ty-four species have been included in the genus by Foerste. In the

present work additional Cincinnatian species are described. A
considerable number of Middle Ordovician species awaits de-

scription.

The species which have been assigned to the genus previously

form a group showing considerable variation in form and general

appearance. Originally it was confined to shells in which the

dorsum was faintly gibbous, shells being referred to Maclonoceras

Hyatt, in which the dorsum was straight or concave. However,
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Foerste ( 1933) noting that his selection of a genotype of Maelono-

ceras was opposed by Hyatt's earhed selection of a lectotype for

Phragmoccras pracmaturmn, revised his concept of the genus,

and renamed his Maclonoceras pracmaturum (1924), Beloito-

ceras clocJicnsc. This resulted in an expansion of the concept of

Beloitoccras and a restriction of Maelonoceras.

The genus in its present form is probably not a natural one.

Attempts to rectify the problems presented by apparent intergra-

dation in several species groups into Oncoceras, Oonoceras, and

Neuuiatoceras have not been very successful. Recognition of

finer generic divisions w^ould increase rather than decrc^ise the

problems represented by the species w^hich appear t(.' 'uc iitlci'medi-

ate between genera, some being 'o close to the boundaries that

on the basis of the present criteria it would seem highly probable

that two independent investigators might easily come to conflict-

ing decisions on the matter. However, owing to the large number

of species and the variations of form which they exhibit, the de-

scribed forms are summarized here in terms of species groups. It

must, however, be emphasized that these groups are not sharply

set off from one another and are employed here largely because

of the necessity of attempting differentiation within this large

and unwieldy genus. Some of tliese groups seem to possess faunal

unity which leads the writer to believe that they may be natural.

However, gradation betw^een the groups and a close approach to

the form of other genera appear frequently, indicating that these

groups are not clear cut divisions.

I. Group of Beloitoccras clochcnse. (Fig. 11 AD). Dorsum

iconcave but with the shell faintly gibbous.

B. clochcnse Foerste. Black River beds, La Cloche Island, Lake

Huron. ^^

B. murrayi Foerste. Black River beds, St. Joseph Island, Lake

Huron.

11 The Lp.Cloe.ho Island fossils arc of Rockland age (Kay, 1!>;?7) while

most of the material from St. Joseph Island is Chanmont (Kay, /i(U litt.),

though some Rockland is present there also. Pending pro]ier clarification

of the origin of some of these specimens I have retained Foerste 's horizon

designations.
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B. isodorus (Billings). Black River beds, St. Joseph Island, Lake
Huron.

B. Iiuronoisc I-'oerste. Black River IkhIs, St. Joseph Island, Lake

Huron. This form has a nearly straight dorsum approaching

the next group.

B. janesvillense Foerste. Black River beds, St. Joseph Island,

Lake Huron. (Fig. ii S.)

B. carz'cri (Clarke). Platteville limestone, Minnesota. (Fig. ii

R.)

B. jrayile Foerste. Ellis Bay formation, Anticosti. Some speci-

mens have a straight dorsum approaching the next group in

form.

Beloitoceras hoiigJitoni (Clarke). Platteville limestone, Minnesota.

Specimens assigned to this species vary from those typical of

this group (Foerste, 1933, pi. 30, figs. 9-10) to those with a

straight dorsum. (Foerste, 1933, pi. 28, fig. 7.)

Maelonoceras reclinatimi Troedsson. Gonioceras Bay formation,

Greenland. A gigantic but typical member of this group.

Beloitoceras Inicheri Flower, n. sp. Lower Whitewater of Ohio.

Dorsum nearly straight.

Beloitoceras chapparsi Flower, n. sp. Upper Whitewater, Ohio

and Indiana.

B. transiens Flower, n. sp. L'pper Whitewater, Ohio. This form

is so slender that it approaches the condition of Oonoccras.

II. Group of B. norwoodi. Dorsum straight.

B. norwoodi (Clarke). Platteville limestone, Illinois. (Fig. 11 AA,

AB.)

B. lycum (Hall). Black River, Beloit, Wisconsin. Distinctive

in the constriction at the adoral end of the living chamber.

B. popoagiense Foerste. Bighorn formation. Suggestive of

Oncoceras in its faint gibbosity.

B. landerense Foerste. Bighorn formation. Dorsum straight

along phragmocone, concave over entire living chamber. A-

typical of any group.

B. ulrichi Flower, n. sp. Elkhorn lieds, Indiana.

III. Group of B. pandion. Dorsum faintly convex.

B. pandion (Hall). Platteville limestone, Wisconsin. (Fig. 11.)
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B. plebium (Hall). Platteville limestone, Wisconsin. (Fig. ii.)

B. janesense Foerste. English Head formation, Anticosti.

B. jremontense Foerste. Fremont limestone, Colorado.

IV. Group of B. amocmim. Species with elongate slender

phragmocones, attaining greatest shell height on phragmocone.

Adoral sutures extend far furward, suggesting that these species

are phylogerontic in relation to the preceding group. The dorsum

is only faintly convex on the living chamber. This closely knit

series of species approximates Oncoceras in definition, and also

approaches Ncuniatoceras, but it is retained in Beloitoceras be-

cause it is t)pical of neitlier of these other genera, but appears to

grade into typical Beloitoceras of the preceding group more com-

pletely than into any other group of species.

Beloitoceras amoenum (Miller). Upper Whitewater, Ohio and

Indiana.

B. cimiingsi Flower, n. sp. Lower and upper Whitewater, Ohio

and Indiana.

B. cf. cumingsi Flower. Elkhorn beds, Indiana.

B. ohioense Flower, n. sp. Lower and upper W^hitewater, Ohio

and Indiana.

B., sp. Flower. Lower Whitewater, Ohio.

B. zvhitneyi (Hall). Maquoketa shale, Iowa.

B. magisterium Foerste. Vaureal formation, Anticosti.

This species group seems to be confined to faunas identified as

Richmond.

V. Inadequately known species.

B. (f) baffinense (Schuchert). Known only from a slender

phragmocone from the Ordovician of Frobisher Bay, Baffin

Land.

B. {?)cornulum (Schuchert). Known only from a compressed

strongly curved phragmocone rapidly expanding adorally and

suggestive of Nciimatoccras. Frobisher Bay, Baffin Land.

B. ? discrepans Foerste. Maquoketa shale. A phragmocone and

the dorsum of a living chamber. Probably belonging to the

group of B. amoenum.

VI. Species which have been removed to other genera.
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B. arcticum (Schuchert). Placed in Deloitoceras by Foerste

(1928) but here removed to Cyrturizoccras.

B. breviposticum Miller. A Bighorn species removed by Foerste

to Neitmatoccras at the time of the descri[)tion of that genus.

B. obstnictum Foerste. Vaureal formation, Anticosti. Placed in

Oonoceras (Flower, 1942).

B. fererectum Foerste. Ellis Bay formation, Anticosti. A shell

which is essentially tubular to the aperture, here placed in

Oonoceras.

VII. Aberrant species, retained in Beloitoceras.

B. gcniculatum Flower, n. sp. Probably a highly modified deriva-

tive of group III. Whitewater Ijeds, Ohio.

B. protractutn Flower, n. sp. Probably a phylogerontic type, but

one without close affinities. Immature shells would approxi-

mate mature representatives of group III.

Cincinnatian species.—^The Cincinnatian species of Beloitoceras

are divisible into two readily distinguished groups. The large

forms of the group of B. amoenum. are readily distinguished as a

group by tlie strongly oblique adoral septa which give isolated

living chambers the appearance of those of Neumatoceras. They

lack, however, the exaggerated gibbosity and geniculate ventral

profile of that genus, and are retained in Beloitoceras. Three

species are recognized, B. amoemmi, a large form with a relatively

slender phragmocone, B. cumingsi, a slightly smaller form with a

more rapidly expanding phragmocone and a ventral profile which

is more convex, and B. ohioense, which is still smaller and has a

slender phragmocone as in B. amoenum. B. ohioense and B. cum-

ingsi are found in both the lower and upper Whitewater ; B. amo-

emmi is known only from the upper Whitewater beds. A solitary

living chamber represents a smaller and broader species belong-

ing to this group. This is described as Beloitoceras, sp. Speci-

mens, tentatively identified as B. amoenum and B. cumingsi, have

been found in the Elkhorn but are represented there by specimens

too poorly preserved for close comparison.

Two of the species included in Beloitoceras are anomalous and

without any particular close relatives. B. protractum is charac-
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terized by the tubular extension of the Hving chamber beyond the

gibbous part of the shell. It is to be regarded as one of the pe-

culiar phylogerontic developments within the genus, and I have

preferred to leave it here rather than to erect a new^ genus for its

reception. B. geniculatum is an abruptly bent species, in which

the high narrow living chamber recalls B. hiicheri, but the sutures

have well-developed lateral lobes and the camerse are deep.

The remaining species are slender forms belonging to the

groups of clochense and norzvoodi and indicative of modified

Platteville elements in the Richmond fauna. B. chapparsi and B.

transiens of the upper Whitewater are evidently quite closely re-

lated, differing mainly in size and the degree of gibbosity. Yet

chapparsi is a typical species of the clocJicnse group, while trans-

iens lis so slender that it might as easily have been placed in Oono-

ceras. B. bticheri of the lower Whitewater has an essentially

straight dorsum and is typical in form of the group of norwoodi.

It is distinctive in the very shallow camerae and the loss of the

lateral lobes of the sutures.

Beloitoceras amoenum (Miller)

Plate 32, figs.l5, 17; Plate 34, figs, 4, 5; Plate 37, fig. 9; Plate 38,

fig. 6; Plate 42, figs. 2, 5.

Cyrtoceras amoenum Miller, 1S79, Cincinnati Soc. Nat. Hist., Jour., vol. 1,

p. 105, pi. 3, fig. 8 ; Ulrich, 1880, Cat. Foss. Cincinnati Gn-oup.,

Cincinnati, p. 22 ; James, 1886, Cincinnati Soc. Nat. Hist., Jour., vol.

8. p. 247 ; Harper and Basslor, 1896, Cat. Foss. Trenton and Cincinnati

Periods, Cincinnati, p. 27 ; Cumings, 1908, 32nd Ann. Rep. Indiana
Dept. Geol. Nat. Res., p. 1027, pi. 49, fig. 1; Nickles, Cincinnati Soc.

Nat. Hist., Jour., vol. 20, p. 95; Bassler, 1915, U. S. Nat. Mus., Bull.,

92, vol. 1, p. 349.

This is a relatively large Beloitoceras of somewhat variable

proportions, the known representatives of which show variation

in rate of expansion, depth of camerte, form of dorsal profile, and

length of living chamber. Distortion is sufficiently widespread in

specimens of this form to make it uncertain how much of the vari-

ation is natural.

The holotype (Univ. of Cincinnati, No. io6) presents one

well-preserved lateral surface, the opposite side being poorly pre-

served adorally and missing adapically. The shell has a maximum

length of 86 mm. The venter was apparently uniformly convex,
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with a radius of curvature of 65 mm. The dorsum is faintly con-

cave. The height (jf tlie shell increases from 2^ mm. to 29 mm. in

the basal 30 mm. on the venter and a dorsal length of 28 mm. ; in

the remaining 50 mm. of the phragmocone the height increases to

33 mm. parallel to the septum at the hase of the living chamher.

The living chamber has a maximum lengtli of 28 mm. laterally,

but is apparently incomplete adorally, and it is not certain that

even where it is longest that the aperture is attained. The great-

est height of the shell is attained 20 mm. apicad of the base of the

living chamber. There the shell height is 35 mm. The sutures

slope increasingly orad from dorsum to venter as they are traced

adorally, but do not develop conspicuous lateral lobes. The

camerae increase gradually in depth from the apex, where four

occur in a length of 10 mm., to the adoral part of the shell where

four occur in a length of 18 mm. The last five, camer?e are

gerontically shortened, occupying a length of 9.5 mm. Siphuncle

and surface markings are not preserved.

The width of the shell is 30 mm. where the height is 34 mm.
It is not certain that even here there may not be slight compress-

tion. (PI. 32, fig. 17.)

The best preserved specimen (Earlham Collection, No. 7944),

likewise preserving only one side of the shell, differs from the

holotype and agrees with the majority of the specimens in that

the phragmocone expands relatively rapidly. This shell increases

from 18 mm. to 31 mm. in the basal 30 mm. as measured on the

venter, and a length of only 22 mm. on the dorsum. The maxi-

mum height of 34 mm. is attained 45 mm. beyond the apex, and

then the shell contracts slowly to 33 mm. in height at the base of

the living chamber which is 65 mm. from the apex ventrally and

42 mm dorsally. The living chamber is incomplete, with a maxi-

mum lateral length of 18 mm. At its dorsal end the shell height is

28 mm. This specimen lacks the extensive development of ge-

rontic camerae noted in the type, and shows a slight adoral in-

crease in the rate of curvature of the ventral profile, but agrees

with the type in size and in depth of camerae. Slight flattening of

the type, greater adapically than adorally, could account for these
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diiferences. (PI. 42, fig. 2.)

The surface features are shown only by one flattened specimen,

one which increases from 33 mm. in height at the base to 43 mm,
at the base of the Hving chamber in a ventral length of 46 mm.
and a dorsal length of 33 mm., and contracts to 30 mm. at the

aperture in a ventral length of 24 mm. and a dorsal length of 22

mm. The shell is so flattened that the width is nowhere more

than two-thirds of the heiglit. This shell shows coarse trans-

verse markings which slope strongly apicad toward the venter

and are clearest at the base of the specimen. This form, inci-

dentally, was named by Foerste in manuscript as a new species

of Neumatoccras. However, a plaster mold taken from a cast

of the exterior of the preceding specimen, which was first flat-

tened, produced a shell almost identical in proportions, showing

beyond doubt that flattening could produce this form type in

B. amoemmi. (PI. 42, fig. 5.)

A rough 'but essentially complete living chamber of this spe-

cies (Univ. of Cincinnati, No. 24416) has a basal height of 36

mm. and a width of 26 mm. It has a dorsal length of 25 mm.

and a ventral length of 20 mm., and at the aperture is 26 mm.

high and 25 mm. wide. This shell is somewhat compressed, but

shows better than any other specimen the strong adoral contrac-

tion of the living chamber and the strong obliquity of the adoral

septa.

Typical in other respects, there is a group of specimens which

ranges into a smaller size than those noted above, and in which

the greatest height of the shell varies from 31 mm. to 28 mm.

One such specimen, a shell with a height of 31 mm., has a living

chamber 30 mm. high at its base, which is complete dorso-later-

ally in a length of 17 mm. In this shell the dorsum is essentially

straight in profile. Other specimens, however, show a concave

dorsum, and this feature does not seem to be uniform among the

species of either size group. (PI. 37, fig. 9.)

Most of the specimens in the Shideler Collection from Mc-

Dill's Mills, near Oxford, show longer living chambers, together

with a somewhat less strongly contracted aperture, but agree
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with the holotype in the rate of expansion of the phragmocone

and in general proportions in other respects. The best of

these specimens is figured here. The shell expands from 28 mm.
and 22 mm. at the base to 34 mm. and 28 mm. in the basal 17

mm., then contracts to 34 mm. and 26 mm. at the base of the

living chamber which is 45 mm. beyond the base ventrally, and

25 mm. beyond the base adorally. The living chamber has a

ventral length of 17 mm., a ventro-lateral length of 20 mm., and

SL dorsal length of 16 mm.
One other variation remains to be noted. Two specimens,

both somewhat flattened, agree with the typical forms in most

respects except that the camerse are deeper, three occurring in

a length of 20 mm. near the base of the living chamber, prior to

the appearance of contracted gerontic camerse, where four are

present in typical shells.

Discussion.—This species is such an extremely variable one

that it has been necessary to prepare the description in terms of

individual specimens, which have been selected to show the es-

sential variations from the condition shown by the holotype. Out-

side of the Cincinnati area there is only one form closely allied

to Bcloitoccras amoenum. This is Beloitoceras magisterium

Foerste (1928, p. 307, pi, 50, fig. 2; pi. 52, fig. i) of tlie Vaurcal

formation of Anticosti. This is a somewhat larger species, though

more similar in general outline to B. amoenum than any other.

Rather similar, but smaller and with the dorsum more concave

over the base of the living chamber, is B. accultum Foerste (1928,

p. 306, pi. 50, fig. I
;

pi. 51, fig. I ) of the Engli&h Head forma-

tion of Anticosti. This species in turn seems to be closely al-

lied to smaller species in which the gibbosity occurs slightly low-

er on the conch and which have therefore been placed in Onco-

ceras rather than Beloitoceras. These are Oncoccras carleton-

ense Foerste, (1928, p. 309, pi. 50, fig. 5) and O. {?) curvi-

cameratum Foerste (1928, p. 310, pi. 50, fig. 6) the former from

the English Head formation and the latter from the Ellis Bay

formation of Anticosti. The Maquoketa Beloitoceras approxi-

mate B. amoenum in size, but the variable B. whitneyi (Hall) (see

Foerste, 1935, pi. 37, figs. 1-3) is much more slender and has a
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longer phragmocone, almost approaching Oonoceras in aspect.

B. (Jiscrepans Foerste (1935, pi. 37, fig. 8) is incompletely

known, the type consisting of a phragmocone and part of a liv-

ing .chamber which may not represent a mature individual. It

is more rapidly expanding than B. amoenum.

In the strict sense of the divisions between Oncoceras and Be-

loitoccras on the basis of the position of the ^xjint of gibbosity, B.

anwciinm might be placed in Oncoceras instead of Beloitoceras.

However, it agrees with Beloitoceras in the vestigial condition of

convexity which is absent in some individuals, and clearly the

same generic disposition must be made of this species as has been

made for Beloitoceras magisterhim. The extant evidence shows

that these large but faintly gibbous species of Beloitoceras are

confined to the Upper Ordovician and might serve as useful

horizon markers. Such species are known from Ohio, the

Maquoketa shale of the upper Mississippi Valley, and from An-

ticosti, but have not been found in the arctic faunas nor in the

Whitehead of Gaspe, and seem to have no close relatives in the

Upper Ordovician of Europe.

B. amoenum is an abundant species, if brevicones can be said

to be abundant, in the Whitewater and Saluda, though speci-

mens are often crushed or fragmentary. The shell is larger than

other associated forms and may be distinguished from B. cum-

ingsi, which is closest in form, by the relatively slender phrag-

mocone as well as the larger size.

Typ,es.—Holotype, Univ. of Cincinnati, No. 106. Paratypes,

Univ. of Cincinnati, Nos. 24416, 24417. Earlham College, Nos.

7744, 1944; Shideler Collection, two specimens.

Occurrence.—From the Saluda 'beds, McDill's Mills, near Ox-

ford, and from the upper Whitewater at various localities : Mc-

Dill's Mills, Dodge's Creek near Oxford, Ohio, Richmond, In-

diana, including the holotype ; Halderman Mill, 2.5 miles south of

West Alexandria, Preble County, Ohio. One portion of a phrag-

mocone appearing to belong to this species, but is too incomplete

for certain identification, is from the Elkhorn beds of Harper's
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Branch, Oldenburg, Indiana.

Beloitoceras cumingsi Flower, n. sp.

Plate 32, fig. 16; Plate 34, fig. 2; Plate 35, figs. 6-8

This species, close in outhne and aspect to Oncoccras, has a

convex venter, an essentially straight dorsum, with the greatest

shell heigJit well below the base of the living chamber. The holo-

type, the least distorted specimen, increases from 20 mm. and 17

mm. at the base to a maximum height of 26 mm. and contracts

slightly in the adoral 5 mm. of the phragmocone to a height of

27 mm. and a width of 22 mm. The dorsal length of the phrag-

mocone is 16 mm., the ventral length 30 mm. The living cham-

ber is 7 mm. long ventro-laterally and dorso-laterally, but is 7

mm. long on the venter owing to the development of a rather

deep hyponomic sinus. The aperture has a height of 25 mm.
The paratype, apparently a thicker specimen, is actually dif-

ferent largely due to the compression of the shell. It increases

from 18 mm. and 25 mm. in a ventral length of 40 mm. and a

dorsal length of 20 mm. to 32 mm. and 23 mm. The living cham-

ber is 1 1 mm. long laterally, and apparently 7 mm. long on the

venter. The maximum height of the shell is 32 mm. The cam-

circ of both specimens occur three in a length of 12 mm. ador-

ally with little variation. The siphuncle is small and located close

to the venter. The septa are relatively flat when exposed. The

sutures develop only vestigial lateral lobes. The surface is not

preserved.

Discussion.—This species is distinctive in the strongly com-

pressed section, the straight dorsum, and the slightly curved

venter. It is easily distinguished from the allied B. amoeniim, both

by the slightly smaller diameter of the living chamber and by the

much more rapid rate of expansion of the phragmocone. The

closest relatives of B. cumingsi are three species from the Ordo-

vician of Anticosti Island, two of which are sufficiently gibbous

on the dorsum that Foerste placed them in Oncoceras instead of

Beloitoceras. These are Oncoceras carletonense (Foerste, 1928,

p. 309, pi. 50, fig. 5) and 0. {?) curvicameratum Foerste (192S,

p. 310, pi. 50, fig. 6). The former is a somewhat larger species

in which the dorsum is convex at the base of the living cham-
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ber, and in which the lateral lobes of the sutures are well devel-

oped. It is from the English Head formation. The second spe-

cies, from the Ellis Bay formation, is scarcely convex dorsally,

smaller, dilTering again from B. cumingsi chiefly in the well-

developed lateral lobes. Beloitoccras percurvatum Foerste, of

the Ellis Bay formation, has well-developed lateral lobes and a

living chamber considerably longer than that of B. cumingsi.

The two species are very similar in profile as seen in lateral as-

pect. No other close relatives of B. cumingsi are known.

Types.—Holotype and paratype, collection of Dr. W. H. Shid-

eler. Paratype, Univ. of Cincinnati, No. 24414.

Occurrence.—Lower and upper Whitewater formations. The
holotype is from the lower Whitewater of Little Four Mile Creek,

near Oxford, Ohio. The paratypes are from the upper White-

water of MicDill's Mills, near Oxford, a second specimen from

the Whitewater near Oxford, precise horizon unknown, and

other specimens represent Richmond, Indiana, Dodge's Creek,

Oxford, Ohio, and Camden, Ohio.

Beloitoccras cf. cumingsi Flower Plate 37, fig. 6

Under this name I include a single specimen from the Elkhorn

of Indiana which agrees with B. cumingsi in general form but

differs in the shallower cameras. The specimen is badly flat-

tened so that its height is greatly exaggerated. In its present

state it is 28 mm. high at the base. The phragmocone is 26 mm.
long on the venter, 13 mm. on the dorsum, and consists of eight

cameras. The basal camera is 4 mm. deep on the venter, the

succeeding ,camerte become progressively shallower, the last two

occupying a ventral length of 3 mm. The living chamber is not

complete. It is 27 mm. high at its base. Dorsally it is 10 mm.
long. Ventrally it is obviously incomplete. The shell contracts

toward the aperture.

Discussion.—This species appears to be distinct from B. cum-

ingsi on the basis of the marked development of gerontic septa,

which appear at a much earlier growth stage than in true B.

cumingsi. The lateral lobes are more strongly developed than

in B. cumingsi, and the living chamber appears to contract more
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rapidly and may have been shorter. The only specimen, how-

ever, is too poor to serve as the type of a new species.

figured specimen.—Shideler Collection.

Occiirrence.—From the top of the Elkhorn, Harper's Branch,

Oldenburg, Indiana.

Bcloitoceras ohioense Flower, n. sp.

Plate 32, fig. IG; Plate 34, fig. 3; Plate 37, fig. 7

A small Bcloitoceras with the venter nearly uniformly ,convex,

the dorsum concave adapically and adorally but straight in the

middle. The holotyi^e increases from i8 mm. and 22 mm. in the

length of tlie extant part of the phragmocone to 22 man. and 27

mm. The greatest height of the shell is essentially at the base of

the living chamber, while the greatest width is slightly farther

apicad. The living chamloer is 12 mm. long dorsally, 15 mm.
laterally, and 8 or 9 mm. long ventrally due to the presence of

a hyponomic sinus. The aperture has a height of 24 mm. The

septa are nearly flat. The sutures are essentially straight and

transverse at the apical end of the type, but slope orad from

dorsum to venter and develop slight lobes adorally. The eiglit

camer?e preserved vary from 4 mm. to 5 mm. in depth. A para-

type (Univ. of Cincinnati, No. 23914) retains more of the phrag-

mocone but is incomplete adorally. The shell increases from

18 mm. and 23 mm. to 26 mm. and 23 mm. in a ventral length of

35 mm. and a dorsal length of 20 mm., in the nine basal cam-

erne. This is followed by two camerae in an estimated ventral

length of 5 mm., and an incomplete living chamber which is 16

mm. long laterally and 14 mm. long dorsally. A third specimen

is figured here as an aid in identification inasmuch as it pre-

sents a peculiar anrl deceptive aspect of this species due to poor

preservation of the adoral camerse. This shell, somewhat coni-

pressed, is 26 mm. high and 20 mm. wide basally. At the last

septum, which is incomplete, the height is 24 mm. and the width

t8 mm. Tlie living chamber has a lateral lenci'th of i;. mm.,

pu$:gesting that either some of the adoral camerae have been com-

pletely lost or that the specimen was abnormal. (PI. 32, fig. 16.)
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Discussion.—This species is considerably smaller than B.

amoenum and B. cumingsi. The very gradual expansion of the

phragmocone suggests almost Oonoceras, but the adoral part of

the shell is typical of Beloitoceras and not distant from the geno-

t}'pe, from which it may be distinguished by the relatively deep

camerge as well as dififerences in shell proportions. The slender

phragmo,cone distinguishes it readily from B. cuivii'.gsi; also

the living chamber shows a less strongly convex ventral profile.

Types.—Holotype, Shideler Collection. Paratypes, Univ. of

Cincinnati, No. 23914, and one specimen from the Shideler Col-

lection.

Occurrence.—From the lower and upper Whitewater beds.

The holotype is from Harper's Branch, near Oldenburg, Indi-

ana. Paratypes are from the lower Whitewater of the Flat

Fork of Caesar's Creek, near Ore«gonia, Ohio, and from

Dodge's Creek, Oxford, Ohio. The horizon of the last speci-

m.en is given as doubtfully middle Liberty. In the opinion of

the writer the form on the basis of lithology is from the lower

Whitewater. Other specimens are from the lower Whitewater

of Little Four Mile Creek, and the upper Whitewater of Mc-

Dill's Mills.

Beloitoceras, sp. Plate 37, figs. 2, 3

An essentially undistorted living chamber from the lower

Whitewater of Oxford represents a species of the B. amoenwrn

group which is obviously different in proportions from any of

the other known species in being considerably smaller and also

broader in section. The septum at the base of the specimen is

strongly oblique to the axis of the shell, and is peculiar in hav-

ing its greatest depth well dorsad of the center of the shell. The

height in the plane of the suture is 24 mm., the width 23 mm.

Normal to the axis of the conch the width 'must be at least as

great as the height of the shell. One camera 2 mm. deep is pre-

served. The siphuncle is ventral and obscure. The living cham-

ber is 18 mm. long dorsally, where it is concave at the base, but

straight near the aperture. The venter is 15 mm. long, its pro-

file very faintly convex adapically and essentially straight near
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the living chamber. The hyponomic sinus is not well displayed

although the aperture is essentially complete with a height of 15

mm. and a width of 17 mm.
Discussion.—This living chamber is obviously comparable to

those of other species of the amocnum group in Ddoitoccras,

showing the sutures which swing strongly forward on the ven-

ter and the aperture which slopes in the opposite direction so

that the mature living chamber may be shorter ventrally than

dorsally. The cross section is abnormally wide for Bcloitoccras,

but the form is so evidently related to the group of amocnuui that

this species should evidently Ije considered as congeneric with it.

Type.—Univ. of Cincinnati, No. 20804.

Occurrence.—From the lower Whitewater betls near Oxford,

Ohio, probably from the cephalopotl beds of the lower White-

water.

Beloitoceras geniculatum Flower, n. sp. Plate 33, figs. 3, 4

This species is characterized by the abrupt bend of the venter

at the base of the living chamber and tlie slight adoral contrac-

tion. The ventral profile is only slightly convex apicad and orad

of this bend. The dorsum is faintly concave over the phragmo-

cone, slightly convex over the basal half of the living chamber

and slightly concave near the aperture. Lateral profile with

greatest width at the base of the living cham'ber, otherwise only

slightly .curved ; expanding moderately over the phragmocone and

contracting slowly to the aperture. The type has a maximum
length of 45 mm. At the base the shell is 15 mm. high and 13

mm. wide. This increases to 26 mm. high and 20 mm. wide at

the base of the living chamber, in a ventral length of 28 mm. and

a dorsal length of 12 mm. The living chamber has a dorsal

length of 24 mm. and is incomplete ventrally, but was evidently

over 20 mm. in length. The height of the aperture was probably

under 25 mm. The condition of the hyponomic sinus is not

known.

Only the adoral sutures are preserved. These are essentially

normal to the living chamber, sloping only slightly orad on the
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dorsum with respect to the profiles of the Hving chamber itself.

The last camera is 3 mm. deep ventrally, the penultimate one, 5

mm. Farther apicad the sutures are not preserved, but on the

venter the siphuncle can be seen obscurely. The segments are

slender, longer than wide, and only slightly expanded within the

camerse.

Discussion.—This strongly geniculate shell is quite distinct

from other species of Beloitoceras in the strong bend at the base

of the living chamber and the rapid expansion of the phragmo-

cone in contrast to the relatively gentle contraction of the liv-

ing chamber. In the basal 15 mm. tlie living chamber increases

from 25 mm. to 26 mm. in height and decreases to 24 mm.
Type.-—Holotype, Shideler Collection.

Occurrence.—From the cephalopod beds of the lower White-

water, Little Four Mile Creek, near Oxford, Ohio.

Beloitoceras protractum Flower, n. sp. Plate 33, figs. 5, 6

The basal part of this shell consists of a fusiform conch, gently

contracting about equally orad and apicad of the region of great-

est diameters, faintly exogastric, compressed, to which is ap-

pended a living chamber which is very nearly tubular and which

presents a strong contrast to the rest of the shell. The shell ex-

pands from 17 mm. in height and 14 mm. in width at the base,

to 22 mm. in height and 17 mm. in width in a ventral length of

10 mm., and contracts to a height of 20 mm. and a width of 16

mm. and 24 mm. above the base. The contraction lies just orad

of the base of the living chamber. The adoral part of the shell

is complete only dorsally, where it extends nearly straight for

17 mm. after a slight initial expansion. The width of the shell

is 16 mm. near the middle of this region. Adorally the shell is

too incomplete for the width to be measured. The condition of

the venter over this part of the shell is not known.

The sutures curve downward on the sides forming rounded

broad lateral lobes. The camerse are subequal in depth, five

occupying 10 mm. Obscure lines of growth on the dorsum are

straiight and transverse. The condition of the surface mark-

ings on the venter is not indicated.
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Discussion.—This small species, known from a single incom-

plete specimen from the lower Whitewater beds, is unlike any

other oncoceroid of the Ordovician in the sudden change in

form from a fusiform oncoceroid shell to the development of an

essentially tubular living chamber. If the form is abnormal, as

seems not impossible from its peculiar shape, it is remarkable

that no normal shells which .compare closely with the phragmo-

cone have been found.

Type.—Holotype, Shideler Collection, Miami University, Ox-
ford, Ohio.

Occurrence.—From the lower Whitewater beds, Little Four

Mile Creek, near Oxford, Ohio.

Beloitoceras bucheri Flower, n. sp. Plate 39, fig. 6

This is a relatively slender Beloitoceras belonging to the group

of janesvillense, slightly more gibbous than B. chapparsi. The

holotype, probably somewhat flattened by pressure, is a shell

40 mm. long which is 19 mm. high and 12 mm. wide at its base.

The dorsum is faintly concave, almost straight. The venter is

more strongly and uniformly curved with a radius of 50 mm.
The greatest lateral width is attained orad of the base of the

living chamber, as is the greatest height of the shell. The six

camerse of the phragmocone show sutures which have no lateral

lobes. They occupy a length of 12 mm. on the dorsum and 16

mm. on the venter. At the base of the living chamber the shell

height is 2^^ mm., the width 15 mm. The living chamber has

a maximum (ventro-lateral) length of 25 mm., a dorsal length

of 22 mm. The shell attains a height of 25 mm. in the basal

third, and contracts gradually to 22 mm. The aperture and the

hyponomic sinus are obscured by weathering. The surface of

the shell is not preserved. The siphuncle is small, ventral, and

its segments are apparently relatively narrow, though they can-

not be seen clearly.

Discussion.—This species is remarkable for its slender form,

very shallow camerae, and the relatively slight curvature. The

allied B. chapparsi, B. ulrichi, and B. transiens are more slender

and all are more curved and possess much deeper camerae.
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Type.—Holotype, Sliideler Collection.

Occurrence.—Lower Whitewater beds, Elk Run, near Win-

chester, Ohio.

Beloitoceras chapparsi Flower, n. sp. Plate 32, figs. 9-11

This species is represented by a complete living chamber and

three cameric. The holotype is 32 nun. in length, slightly curved,

the venter almost uniformly convex, with a radius of curvature

of about J,o mm., the dorsum nearly straight below, slightly

concave near the aperture. The sides are faintly convex, con-

tracting to a point near the aperture and then becoming sub-

parallel. The section is strongly compressed, the width t
|
nin\

where the heiglit is 19 mm. llie venter is slightl} luoic narun'

-

ly rounded than the dorsum, but tlic greatest width is more

markedly dorsad of mid-height of the shell. At the base of the

living chamber the height is 20 mm., the width remaining at

14 mm. The living chamber has a ventral length of 25 mm.,

and a dorsal length of 17 mm. The aperture is 18 mm. high

and 12 mm. wide. The h3ponomic sinus is vestigial.

The phragmocone has sutures with only faint lateral lobes,

and the septa slope only slightly orad from dorsum to venter.

The three ramerre have a ventral length of 10 mm. and a dorsal

length of 5 mni. Tlie siphuncle is not exposed.

Discns.^ion.—This small species retains the faint gibbosity of

the shell typical of the most slender species of Beloitoceras and

is reminiscent of Beloitoceras lyciim (Clarke) of the Platteville

limestone and also B. carveri (Clarke) but is smaller, more slen-

der, and slightly less gibbous. The species is known to me only

from the holotype.

Occurrence.—Upper Whitewater beds, Shera farm, near Ox-

ford, Ohio.

Beloiloceras transicns Flower, n. sp. Plate 32, fig. 12

The holotype is a slender cyrtocone, consisting of a living

cham'ber and six camera;. The ventral profile is slightly and

quite uniformly convex, the radius of curvature about 40 mm.,

the venter is faintly convex over the lower part of the specimen,
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and becomes slightly more concave near the aperture. The sides

are very faintly convex, slightly straighter near the aperture. At
the base of the sj^ecimen the section 17 mm. and 19 mm. high.

To the length of the phragmocone, 18 mm. on the venter and

10 mm. on the dorsum, the width is 18 mm., the height 22 mm.
The living chamber has a dorsal length of 18 mm., a ventral

length of 26 mm. The aperture is incomplete, but the height

is estimated at 22 mm. and the width at 15 mm. The last four

camera; occupy a ventral length of 13 mm. and a dorsal length

of 7 mm. The last camera is slightly shorter than the others.

The siphuncle is obscure but ventral.

Discussion.—This form is very similar to B. chapparsi in the

length of the living chamber. It is broader in section, the liv-

ing chamber is .considerably higher in proportion to its length,

and a third difference is found in the profile of the dorsum, which

is not straight over the base of the living chamber, but sufficient-

ly concave that were these s^^ecies not so similar this form would

have been pla,ced in the genus Richardsonoccras. Yet these

two forms, approximately from the same horizon, are sufficient-

ly closely related and so similar in aspect that it seems highly

undesirable to place them in separate genera on the basis of the

necessarily artificial criteria used for the distinction of these

form genera.

//o/o^3//'(?.—Shideler Collection, Miami University.

Occurrence.—Upper Whitewater beds, coral banks, west of

Oxford, Ohio.

Beloitoceras ulrichi Flower, n. sp. Plate 35, fig. 1

Section strongly compressed, venter not much more narrow-

ly rounded than dorsum, greatest width near center of section.

Venter convex, nearly uniformly so, but somewhat weathered in

the type producing a deceptively inflated appearance of the liv-

ing chamber in contrast to the phragmocone. Dorsum essen-

tially straight to aperture. Greatest shell height slightly below

the middle of the living chamber. The phragmocone of three

cameras has a ventral length of 11 mm., a dorsal length of 7 mm.

The width is 13 mm. at the base, the height estimated at 18 mm.,
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part of the venter being lost by weathering. At the base of the

living chamber the height is 2i mm., the width i6 mm. The
living chamber has a ventral length of 22 mm. and a dorsal

length of 17 mm. It expands to 22 mm. and 16.5 mm., and con-

tracts to a width of 14 mm. and an estimated height of 20 mm.
at the aperture which is considerably inclined to the plane of

the last septum. The ventral siphuncle is lost by weathering.

The sutures exhibit slight lateral lobes but are essentially nor-

mal to the curving axis of the shell.

Discussion.—This is a typical Beloitoccras, related to the as-

sociated B. transiens and B. chapparsi, but slightly more gib-

bous and therefore more typical of true Beloitoccras. The shell

is somewhat less curved and tlie cn:nerae slightly deeper than in

the middle Ordovician species which are most similar, as in

Beloitoccras jancsvillense.

Type.—Holotype, U. S. National Museum.

Occurrence.—Elkhorn beds, Versailles, Indiana.

Genus MAELONOCERAS Hyatt

Genotype.

—

Phrar/7uoccraH prrpmatvr'im BUlmi].'^.

Maelmwceras Hyntt. 1884, Boston Snc. Nnt. Hist., Proc, vol. 22, p. 280.

Mclocrra^ Foonl, 1888, Cat. Foss. Ccpli. BritisJi Museum, vol. 1, p. 262,

footnote, p. 269.

Maelnjwccrfh') Miller. 1897, North Americnn Geol. Pal., 2(1 App., p. 775.

Afrlnccras TTyatt, Zittel Enstmann Textbook Paleont., vol. 1, Ist ed., p.

530. (Reprinted with different pagination in later editions.)

Maeloiwccrns Grahau and Sliimer. 1910, North American Index Fossils,

vol. 2, p. 118; Foerste, 1924, Denison Univ. Bull., Sci. Lah., Jour.,

vol. 20, p. 242; Foerste, 1926, iUd.. vol. 21, p. 317; Foerste, 193.3,

iMd., vol. 28, p. 89; Trocdsson. 1926, Mcddelelser om Gronland, Bd.
71, p. 91.

Although Hyatt originally described this genus for shells which

were faintly gibbous but more slender than Oncoccras, in se-

lecting the type he referred to a sjoecific figure. Foerste (1033)

correctly points out that this is equivalent to selecting the origin-

al of his figure as the lectotype of the genotype. This specimen

happens not to be conspecific with the other and more complete

specimens originally attributed to the species. The shell

is known only from a living chamber which is nearly

parallel-sided vertically, but which contracts gradually

\
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laterally to the aperture which closes over the adoral surface

slightly and is pear-shaped owing to the prominent de-

velopment of a large rounded hyponomic sinus. The siphuncle

is small, ventral, and close to the margin of the shell. The

sutures appear to be straight and transverse. No species other

than the genotype can be placed in Maelonoccras at the present

time. Troedsson (1926) included Ordovician species in the

genus which in the light of Foerste's (1933) .correction of his

previous diagnosis of the genus, must be placed elsewhere, ap-

parently in Beloitoccras. Foerste (1924) named the specimen

which Hyatt had selected as the type of Billings's species, Maelo-

noceras billingsi. M. prccmahorum Foerste, 1924, was renamed

Beloitoceras clochense (Foerste, 1933). That this species is a

typical Beloitoceras and not closely related to Maelonoceras

proper, can be seen from the figures. (Foerste, 1924, 1933.)

Genus NEUMATOCERAS Foerste

Genotype.

—

Neumatoceras gibberosum Foerste.

Neumatoccras Foerste, 1935, Denison Univ. Bull., Sei. Lab., Jour., vol.

30, p. 31; Roy, 1941, Field Museum Nat. Hist., Geol. Mem., vol. 2,

pp. 144-146; Flower, 1942, Bull. Amer. Paleont., vol. 27, No. 103,

pp. 22-23.

Origimnl defimtion.—The genus Neumatoceras differs from Beloitoceras

chiefly in being distincllj^ humped along the upper part of the ventral out-

line of the pliragmocone, the maximum dorso-vcutral diameter usually be-

ing at a distinct interval beneath the base of the living chamber ventrally.

From this level of maximum dorso-ventral diameter the conch usually tap-

ers conspicuously toward tlie aperture. The dorsal outline along the up-

per part of the phragmocone and all of the living chamber tends to be

irelatively straight, with faint incurvature at top and along the lower

part of the phragmocone.

Foerste described species which he placed in this genus, from

the Bighorn formation, the Fremont limestone, and the White-

head formation of Gaspe. Roy recognized the genus in Baffin

Land, and Flower placed in it a species from the Cynthiana

limestone of Kentucky. Further study has convinced the writer

that the genus is a most unsatisfactory one, for on the basis of

the extant definitions it intergrades equally well with Beloito-

ceras and with Oncoceras. Further, the diversity of form of

the species and the affinities of the species with others currently

placed in Oncoceras and Beloitoceras suggest that it is com-
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posed at the present time of independent genetic radicles aris-

ing, perhaps independently for each species, from these two old-

er and somewhat more generalized form genera. Neumatoceras

is, then, only a convenient name embracing a variety of species

which attained an extreme of gibbosity in late Trenton and

Richmond time, and which seem to be largely concentrated in

the boreal Ordovician faunas of America. As a genetic miit,

it has no real value. Consequently the recognition of a species

as falling within the previously accepted form limits covered by

Neumatoceras does not necessarily imply that it is related to

other species which have been placed there. These species are

not all as closely related among themselves as they are to some

others currently retained in Oncoceras and Beloitoceras. There-

fore it is unsafe to base stratigraphic or paleogeographical con-

clusions upon the presence of a Neumatoceras in any association,

but it is necessary to investigate instead^ the affinities of the spe-

cies in question with others not only in Neumatoceras, but also

in Oncoceras and Beloitoceras. Admitting the possibility of form

convergence, it follows that except for strikingly peculiar spe-

cies, and perhaps even there, correlation based upon specific

affinities may be regarded with suspicion.

Unhappily revision of the genus cannot be effected on the

basis of the present knowledge of the species concerned. In-

ternal structure is poorly known. Those few forms for which

the siphuncle is known show some variation in the form of the

segments, and there are, as in other Oncoceratidse, no accessory

deposits which might serve as guides. Further, internal struc-

ture is known for only a very few of the species concerned.

Another inadequately investigated problem is that of variation

within the species. This requires larger suites of material than

are at present available for any one of the species concerned.

The wisest course, then, has seemed to be a conservative

treatment of the genus, with as few nomenclatorial changes as

possible, and to attempt instead an analysis of the morphological

affinities of the species concerned insofar as the present data

permit. The following discussion deals, first, with a short ana-

lytical summary of the species previously either placed in Neu-
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Figure 12. Gibbous Oncoeeratidae. A-B. Nenmatoceras gibberosum
Foerste. Bighorn formation, Wyoming. Lateral views of two species

showing size variation. C. Neumatoceras dartoni Miller and Carrier. Big-

horn formation, Wyoming. Lateral view. (After original figure of Miller

and Carrier) D. Neumatoceras nutans Foerste. Bighorn formation, Wy-
oming. Lateral view of type, partly sectionetl to show siphuncle. E.

Neumatoceras, sp. Foerste. Whitehead formation, Gaspe. F. N. cf. can-

yonense Foerste. Bighorn formation, Wyoming. Lateral view. G.

Neumatoceras (.') milleri Foerste. Bighorn formation, Wyoming. H.
Neumatoceras striatum Foerste. Whitehead formation, Gaspe. I-L. Neu-
matoceras breviposticum (Miller) Bighorn formation, Wyoming. I.

Paratype; J-K, ventral and lateral views, holotype ; L, specimen attrib-

uted to this species by Foerste. (I-K are after Miller). M. Neumatoceras
percense Foerste. Whitehead formation, Gaspe. Lateral view. N.
Neumatoceras latilineatum Foerste. Whitehead formation, Gaspe. Lateral

view. O. Onoceras, sp. Flower. Holotype, an incomplete living cham-
ber with essentially the proportions of those of a Neumatoceras. Cyn-
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thiana—Leipers formation. Southern Kentucky. P-Q. Neumatoceras coni-

cum Flower, u. sp. ; P, ventral; Q, lateral view of holotype. Whitewater
formation, Ohio. li-S. Neumatoceras canyonense Poerste. Fremont lime-

stone, Colorado, R, lateral view with venter restored ; S, dorsal view.
T. Beloitoceras geniculatum Flower. Lower Whitewater, Ohio.
U. Oncoceras hasderi Flower, n. sp. Leipers formation, southern
Kentucky. Lateral view of living chamber with phragmocone re-

stored on basis of fragments not otherwise illustrated here. V-W. Neu-
matoceras chrysalis Flower, n. sp. Lower Wliitewater beds, Ohio, Evident-
ly very close to N. conicum Flower (see P-C^ above). V, lateral aspect;
W, ventral aspect. X-Y. Ncvmatoccras {?), sp. Foerste. Fremont limestone,

Canyon City, Colorado. Atypical of the genus and comparable to speci-

mens sliown on figure l.'{ and to Winiupecioccras laticurvatum (Whiteaves;
Eoy, 1941, p. 144, fig. 105). X, ventral view; Y, lateral view.

All figures slightly less than one-half. O-Q., T-W are from original speci-

mens. Others are drawn from figures of Foerste, Miller, and Miller and
Carrier.

matoceras or suspected of having affinities with it. Secondly,

these species are arranged in groups on the basis of form. Fin-

ally, the Cinciunatian species, those with which the work is prim-

arily concerned, are discussed here, even though some of them

are not placed in Neumatoceras because their obvious affinities

are with species of Beloitoceras and Oncoceras. Only those

belonging with tlie genotype of Neumatoceras (Group I, of the

following classification) are actually described as members of

this genus. The problems attendant upon a form classification

are further shown by the accompanying text figures which show

the form of most of the important species previously described,

with which the Cincinnatian species are compared.

Text figure i2 is devoted to the outlines of various members of

Neumatoceras together with some species treated in the present

work which approach the genus in form but which have been ex-

cluded from it for some reason, usually because of obvious affini-

ties with known Oncoceras and Beloitoceras species. The shells are

compressed exogastric brevicones in common with Oncoceras and

Beloitoceras. In general, they attain an extremity of compression

not found in those genera, but gradation is evident in this char-

acter. The region of gibbosity lies low, below the base of the ma-

ture living chamber, which distinguishes most species of Neumato-
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ceras from Bcloitoccras, but gradation occurs in this feature also.

Further, difficulties are encountered in the use of this character

unless it can be confined to fully mature specimens in both genera.

The genotype has a dorsal profile which is straight, but in other

species it is concave and in still others, slightly convex. These

last grade into Oncoceras. However, generic distinction in Neu-

matoccras, Oncoceras, and Beloitoceras is so unsatisfactory that

only two courses are open: (i) to retain the genera as form

genera with as little revision as possible and (2) to return all of

the species to Oncoceras, the first of these genera to be described.

Properly, in the present state of our knowledge, or lack of knowl-

edge, of many of the species involved, the second course is the

more desirable one. I have not followed it because, in view of the

immense number of species involved, it seems that somewhat un-

satisfactory distinctions are better than none at all. The species

which have been placed in Neumatoceras are therefore discussed

here. New species are added, but only those new forms from

the Richmond of Ohio and Indiana which are obviously similar

to the genotype in form and are typical are placed here. Other

species are removed to Oncoceras, and a few to Beloitoceras. The

Cynthiana and Leipers species, here placed in Oncoceras, were

originally included under Neumatoceras in manuscript at least by

both Foerste and the writer. Study of more complete shells

showed that they graded into Oncoceras. Among the species de-

scribed in the manuscript on the Upper Ordovician cephalopods

of the Cincinnati region was one placed in Neumatoceras. The

type specimen showed all of the typical features of the genus. Yet

comparison of this with more material showed that it was only

a specimen of Bcloitoccras amoenum which had been further com-

pressed by pressure after death and had therefore assumed the

form pattern of a perfectly typical Neumatoceras. Indeed, the

specimen was duplicated by first taking a cast of a typical un-

distorted representative of the species. The cast was then flat-

tened to the desired degree, and a plaster mold was made of it.

This mold was identical not only in form but in the features of the

sutures with the natural specimen. (PI. 42, fig. 5.)
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Species previously assigned to Neumatoceras.-— I. Typical

species, with a strongly convex ventral profile and a straight

dorsal profile, at least in the adoral part of the shell, since only

the living chamber and adoral part of the phragmocone are known
for some species. Adapically fhe dorsum is concave in some

species. Others are so strongly gibbous adorally as to suggest

that the dorsum may be straight throughout, but actual confirma-

tion of this is lacking. This group of species differs from Beloito-

ceras in having the gibbous region located below the base of the

living chamber at least on the ventral side. It differs from Onco-

ceras in having the dorsal profile straight or rarely faintly con-

cave but never convex. This group of species is regarded as a

specialization springing from Beloitoceras. Here may be placed

the following:

A'', gibberosum Foerste (genotype). Bighorn formation,

Wyoming. (See text fig. 12 A-B.)

A'', latilincatiim Foerste. Whitehead formation, Gaspe. (Text

fig. 12 N.)

N. {?) milleri Foerste. Bighorn formation, Wyoming. (Text

fig. 12 G.) The dorsum is obviously concave adapically and the

form here is close to Beloitoceras.

N. dartoncc Miller and Carrier. Bighorn formation, Wyoming.

(Text fig. 12 C.) The sutures are little inclined orad on the

venter adorally, and the form is very close to Beloitoceras.

N. cf. canyonensc Foerste. Bighorn formation, Wyoming.

(Text fig. 12 F.)

II. Species intergrading with the above, but less strongly com-

pressed and less gibbous on the venter. The dorsal outline may

be apparently straight adorally. The adapical portion is, when

known, either straight or concave dorsally. The adoral sutures

slope strongly orad from dorsum to venter.

Neumatoceras drummuckense Teichert. Drummuck group,

Scotland. The dorsal profile varies from straight adorally to

slightly concave throughout. The greatest gibbosity is almost at

the base of the living chamber.

N. striatum Foerste. Whitehead formation, Gaspe. (Fig. 12
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H.) This seems intermediate between N (f) milleri (fig. 12 G)

SLnd Beloitoceras (/) gcniculatum Flower ( fig. 12 T).

III. Species in whicli the dorsum is clearly concave through-

out. These forms grade into Beloitoceras and are less gibbous in

general than those in group I.

N. cf. canyonense Foerste. Bighorn formation, Wyoming.

(Fig. 12 F.) An anomalous species with the adoral camerse be-

coming curved laterally quite suddenly and a faintly concave

dorsum.

N. canyonense Foerste. Fremont limestone, Colorado. (Fig. 12

R-S.) The sutures insofar as they are known are more uniform

and less variable in the later growth stages than the preceding.

The living chamber alone is very similar in aspect to that of some

species of Oncoceras.

N. perccnse Foerste. Whitehead formation, Gaspc. (Fig. 12

M.) Very close to typical Beloitoceras.

IV. Species with the dorsum more or less clearly convex at

or apicad of the base of the living chamber. These are regarded

as grading into Oncoceras.

Neumatoceras, sp. Foerste. Whitehead formation, Gaspe.

(Fig. 12 E.) The internal mold, at least, bears an emargination

not unlike that of Oncoceras joerstei of the Leipers. Indeed, this

species may, when known from more complete material, prove to

be an Oncoceras.

N. breviposticum (Miller). Bighorn formation, Wyoming.

(Fig. 12 I-L.) Somewhat variable in profile and in the spacing

and configuration of the sutures. Variable in the convexity of

the dorsum also.

N. latUineatuni Foerste. Whitehead formation, Gaspc. Ex-

cept for the great height of the shell at the gibbous region, this

form is very close to Oncoceras.

V. Anomalous species, very slender adorally, which liave been

placed in Neumatoceras or for which affinities with the genus have

been suggested.
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Neumatoceras ( ?), sp. Foerste. Fremont limestone, Colorado.

(Fig. 12 X, Y.) The slender contracting living chamber sug-

gests H'ifmipeguceras.

N. Himidum (Schuchert). Frobisher Bay, Baffin Land.

Roy (1941, pp. 145-6) presents iigures of this form suggesting

that it may be closely allied to the Leipers species here placed in

Oncoceras on the basis of more complete specimens. The extant

portion of this species does, however, suggest Neumatoceras as

suggested earlier by Foerste (1935, p. 32). It is comparable

with N. canyonense, dififering mainly in its much greater size,

but is also close to comparable portions of Oncoceras bassleri

Flower.

Maelonoceras reclinatum Troedsson. Cape Calhoun forma-

tion, Greenland. This is not a Maelonoceras as delimited by

Foerste (1933) but is a large slender cyitocone, faintly contract-

ing vertically toward the aperture, which appears to be allied

to the above and also to the smaller species identified as IVin-

nipegoceras laticurvatum (Whiteaves) by Roy (1941, p. 144).

Flower (1942, p. 23) suggested that this might be a primitive

Neumatoceras. However, in view of the apparent polyphyletic

nature of Neumatoceras and the recognition of the genera of the

Oncoceratidse as form genera, a genetic classification does not

seem possible in the light of our present knowledge. These spe-

cies might be placed in Winnipcgoceras or might be considered

as belonging to either Bcloitoccras or Richardsonoceras.

Cincinnatian species of the aspjcct of Neumatoceras.—The

above summary shows the complex and sometimes contradictory

relationships suggested for the various species of Neumatoceras

on the basis of the extant information. The Cin,cinnati species

which present the aspect of Neumatoceras have been disposed

as follows and are described in detail in the following pages.

I. A group of moderately gibbous species with poor or vestigial

development of the hyponomic sinus, characteristic of the Cyn-

thiana and Leipers. The living chambers and adoral parts of the

phragmocones suggest Neumatoceras, as the living chamber

contracts conically, and the adoral sutures are strongly inclined
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forward on the venter. However, one of these species, when

known from relatively complete material, proved to be a perfect-

ly typical Oncoccras, O. basslcri. Therefore, the entire series has

been placed in that genus. One I originally described as Neu-

niatoceras carlsoni, regarding it as showing arctic affinities. The

change of name does not alter the conclusions based upon affini-

ties with other species, and this form is very close to A^. ( ?) hi-

midwn as developed in IJaffm Land and is comparable also with

A^. canyonensc.

Oncoccras carlsoni (Flower). Cynthiana limestone, Cynthiana,

Kentucky.

Oncoccras bassleri Flower, n. sp., Leipers formation, Rowena,

Kentucky. This is a slightly variable species, but one very similar

to O. carlsoni. (Text fig. 12 U.)

Oncoccras ( ?) sp. A little known form from the Leipers

formation of Rowena, Kentucky. (Text fig. 12 O.)

IL Species fairly typical of Nciimatoceras in form. Llere I

place two Whitewater species which are strongly gibbous, have

the dorsal profile essentially straight, and have, in contrast to the

preceding species, a strongly developed h^ponomic sinus. Neu-

matoceras conicuni Flower, n. sp., and N. chrysalis Flower, n. sp.

(See text figure 12 P-O and VI-W.)
in. species which are strongly gejiiculate and, tlnerefore,

suggestive of Nciimatoceras, but relatively slender, and with the

gibbosity at or above the base of the living chamber. One such

species B. geniculatum, (text fig. 12 T) from the Whitewater

beds is placed in Bcloitoceras. I have grouped it with the

species of Neumatoccras in my text figure because of its similarity

of profile with some of these forms. If a few more camerse were to

be added to this form, which might have occurred, as it is by no

means certoin tliat tlie type is a fully grown shell, the appearance

would be very close to Neumatoccras.

Ninmat()c<T;is chrysalis Flower, n. sp. Plate 4.5, figs. 2, 3

Conch .'^mall, an exogastric brevicone, known from a complete

living chamber and about half of the phragmocone. The dorsal

profile is nearly straight with a faint suggestion of convexity over
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the middle of the living chamber and an equally faint suggestion

of concavity on the phragmocone. The ventral profile is convex

with a fairly uniform radius of curvature of 30 mm. over the

greater part of the shell. At the base of the specimen there is a

slightly greater curvature, but the venter appears to be less curved

in the extreme extant apical portion. At the adoral end of the

living chamber the venter becomes much more strongly curved

close to the aperture. The lateral profiles are slightly and fairly

uniformly convex. The greatest width of the shell, 19 mm., is

attained orad of the base of the living chamber. The greatest

height, 22 mm., is attained apicad of the base of the living cham-

ber on the venter but is maintained over a considerable interval

in the middle part of the shell. The living chamber has a basal

height of 22 mm. and a width of 19 mm. It is 14 mm. long

dorsally, 15 mm. laterally and 13 mm. ventrally. The short

ventral height is due in part to the sutures which slope forward

on the venter and in part to the deep hyponomic sinus of the

aperture. The aperture, which is not very clearly preserved, has

a height of 19 mm. and an estimated width of 13 mm.
The phragmocone has a ventral length of 14 mm. and a dorsal

length of 9 mm. and consists of six camerje. The sutures bear

slight lateral lobes, as usual in the Oncoceratidse, and slope for-

ward from dorsum to venter, the obliquity being greatest near

the living chamber. The siphuncle is obscurely exposed at the

base of the type, where it is close to the venter and composed of

elongate segments, much longer than wide, which are fusiform in

outline. The camerse of the type decrease in depth orad, measur-

ing 3 mm., 2 mm., 2 mm., 2mm., 2 mm., and 1.5 mm., respectively.

The internal mold retains on its surface lines of growth which

show that the aperture was strongly inclined apicad on the venter

forming a deep hyponomic sinus.

Discussion.—This is a small species, typical of Nciimatoceras

in general aspect, in the features of the aperture, and of the su-

tures. The humped appearance characteristic of the genus is not

so evident as in some other species as the venter is not so strongly
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gibbous in profile. However, there is evidence that near the base

of the type there is a detinite increase in curvature of the ventral

profile. Most of the congeners of this species arc more convex

on the venter. The species is rather close in form to Neuinato-

eras ( ?) millcri Foerste ( 1935, pi. 4, fig. 4) of the Bighorn

formation) but has the living .chamber less rapidly contracting

and is not at all convex over the adoral part of the phragmocone

on the dorsum. In failing to contract vertically on the living

chamber it also differs from Ncimiatoccras strigatuin Fuerste

(1936, p. 380, pi. 56, figs. 11-12) and A'^. latiliiicafniii which is

somewhat closer in the proportions of the living chamber but is a

much more strongly curvefl sjjecies. These species are from the

Ordovician Whitehead formation of Gaspe. Probably closer than

any American species, in that the venter is not markedly gibbous

and the living chamber is not strongly contracted in the venter

until very close to the aperture, is Neumatoceras druninmckense

Teichert (19..10) from the upper part of the Drummuck group

of the Girvan district of Scotland. That species is a much smaller

one, and even there the living .chamber is somewhat more con-

tracted vertically toward the aperture.

The species is evidently close to the tenuous boundary wliicli

separated Neumatoceras from Beloitoccras, but no species of the

latter genus resemble this species as closely as do the species of

Neumatoceras noted above.

Type.—Holotype, collection of Dr. W. H. Shideler, Miami

University, Oxford, Ohio.

Occurrence.—From the cephalopod beds of the lower White-

water, Little Four Mile Creek, near Oxford, Ohio.

Neumatoceras subconicum Flower, n. sip. Plate 40, figs. 9, 10

Conch exogastric, compressed, expanding conically to a point

very close to the aperture and then contracting rapidly on both

dorsum anfl venter. Tlie holotype is 49 mm. long, increases in

35 mm. on the venter and 34 mm. on the dorsum from a height of

II mm. and a width of 10 mm. to a height of 29 mm. and a width

of 23 mm., and contracts at the aperture 12 mm. farther ventrally

and an estimated 10 mm. farther dorsally, to a height of 22 mm.

and an estimated width of 10 mm. The sutures are faintly incised
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on the type, and it is uncertain whether one faint hne is correct-

ly interpreted as the last one. If so, the living chamber is bounded

basally by a suture which slopes strongly orad from dorsum to

venter, is lo mm. long on the venter, estimated at 14 mm. in

length of the dorsum, and has a mid-lateral length of 19 mm. The

ventral profile is slightly convex with a radius of curvature of

about 35 mm. up to a point where the last septum meets the

venter, where the shell becomes humped and then less curved

toward the aperture, though with the venter approaching the

dorsum rapidly. The dorsal profile is faintly concave adapically,

but straight adorally, though missing on the adoral part of the

living chamber.

Ten cameras of the phragmocone are preserved. These show

little variation in length, ranging from 4 mm. to 5 mm., and the

last icamerge show no sign of the usual contraction. The si-

phuncle is not preserved.

Although the aperture is obscure, lines of growth are impressed

on the internal mold indicating that the aperture slopes strongly

apicad on the lateral regions from dorsum to venter, and a well-

developed hyponomic sinus must have been present.

Discussion.—This species appears to have no very close rela-

tives from other formations, differing mainly in that the apical

portion is slightly curved and conically expanding, and that the

gibbosity of the venter occurs higher in the shell than in all com-

parable forms. It may be that the type is not quite mature, but

even with due allowance made for this possibility, the species is

not similar in proportions to any described form.

This species is associated with A^. chrysalis from which it may
be readily distinguished by the much larger size, more rapid

expansion of the initial part of the shell, the more gibbous venter,

and also the more rapid contraction of the living chamber toward

the aperture.

Type.—Holotype, Univ. of Cincinnati Museum, No. 24329.

From the collection of Charles L. Faber.

Occurrence.—From the lower Whitewater beds. Little Four

Mile Creek, near Oxford, Ohio.
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Genus OONOCERAS Hyatt

Genotype.

—

Cyrtoceras Icntiijradum Banandc.

Oonoceras Hyatt, 1884, Boston Soe. Nat. Hist., Proc, vol. 22, p. 280.

Ooceras Foord, 1884, Cat. Foss. Cephalopoda, British Museum, vol. 1,

p. 262.

Oonocera.s Hyatt, 1894, Anier. Phil. Soc, Pioe., vol. :',2, pp. 447, 520.

Ooccrus Ilj'att, 1900, Cephalopoda, in Zittel-Eastiiiann Textbook Paloont.,

vol. 1, 1st ed., p. 5::9 ; Kuedoniuiiii, li)U6, New Yoik ^tate Museum,
Bull. 90, p. 495; Grabau and Shimer, 1910, North American Index
Fossils', vol. 2, p. 195.

Oonoceras Foerste, 1926, Denison Univ. Bull., Sci. Lab., Jour., vol. 21,

p. 321 ; Flower, 1942, Bull. Amer. Paleont., vol. 27, No. 103, pp. 24-31.

The problems connected with the recognition of the scope and

boundaries of this genus have ahx'ady been discussed in some

detail by the writer (Flower, 1Q42). The genus is here employed

for slender cyrtoceracones of compressed section, very gradual

expansion, and relatively slight curvature. The sutures typically

develop lateral lobes. The siphuncle lies close to the venter. The

segments are nummuloidal but typically rather slender, small, and

free from any known organic deposit. The camerse are very

closely spaced in typical species. The aperture bears a hypo-

nomic sinus which is preserved in growth lines throughout the

shell.

Problems affecting the recognition and scope of the genus in-

volve nearly all of these features. The genotype is annulated ex-

ternally and Foerste (1926) proposed to restrict the genus to

such forms. However, associated with the genotype in the Mid-

dle Silurian (fitage E2) of Bohemia, are other forms with only

fasciculate exteriors which supply a perfect gradation to essential-

ly smooth-shelled forms. Further, even in the genotype there

is not a true development of annuli, since the apparent annuli are

only external thickenings of the shell and are not expressed inter-

nally as are true annuli in such genera as Spyroceras, Gorhyoccr-

as, and Tofangoceras. Even in the Middle Silurian of Bohemia

this feature cannot be used with any satisfactory results.

Moreover, it is known that three divisions can be made in these

slender cyrtoceracones of the Silurian on the basis of the seg-

ments of the siphuncle, two of which are best placed in Ooceras.

while a third constitutes the genus, Oocerina Foerste (1926).

The writer designated these as Oonoceras I and Oonoceras II.
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Oocerina has broad siphuncular segments occupied by actinos-

iphonate deposits. It is known only from the Middle Silurian of

Bolieniia at the present time. Ooitoccras II differs from Oocerina

only in the absence of these deposits and has broad rounded seg-

ments. Oonoccras I, which actually is connected with Oonoccras

Figure 13.—Slender comprosscd Oiicoccrntida?, lUchardsonnceras and

Oonoceras. AC. EieJuirdsonoceros aimplcx Billings. A, cross section; B,

lateral view of holotype (in solid lines) on which is superimposed a trac-

ing from another specimen in broken lines showing variation of curva-

ture within the species; C, ventral view of another specimen sectioned to
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show tlie siphunclc. D-E. BicharcUionoccms hcloitensc Foerste. Platte-

ville liiiiestoiie, Wisconsin. D, luteial view ; E, ventral view. A gently

curved slender species a^jpioadiing tlic condition of Ooiiuccras, and the

only species known suggesting such gradation. F-G. Oonoccras aculum
Flower. Lens in Cyntliianu limestone, Cynthiana, Kentucky. F, lateral

view; G, cross section. II-I. Oonoccras mult learneralum Flower. Lens in Cyn-
thiana limestone, Cynthiana, Kentucky. H, lateral view; I, cross section.

J-K. Oonocera.s triangulatum Flower. Lens in Cyntliiana limestone, Cyn-
thiana, Kentucky. L. Oonoccra^s Iriangulaium var. cylindratum i'lower.

Lens in Cynthiana limestone, Cyntliiana, Kentucky. Cross section from
base of holotype. M-N. IiichurcLsonoccras (.^) clarkei Foerste. Platte-

ville limestone, Wisconsin. M, lateral view; N, ventral view. Species
atyi)ical in the very shallow camera; and narrow siphuncle. O. Oonoccras
ohsiruclam (Foerste). Vaureal formation, Anticosti. Lateral aspect. All
drawings are from the original figures by Foerste and Flower. One-half
natural size.

II by a number of intermediate species in the Silurian of Bohemia,

is typically distinguished by the more slender and much less ex-

panded segments of the siphuncle. In the Silurian of Bohemia

these three together make up a compact unit which might well

be regarded as a single large genus. In all groups there is found

variation in the rate of expansion, curvature, cross section, orna-

ment, and other features, but except for the marked development

of fasciculate exteriors in some Oonoceras I, none of these char-

acters seem to characterize any of the groups as determined by

the characters of the siphuncle.

Many Ordovician forms appear to be congeneric with Oono-

ceras as defined above. Foerste (1926) restricting Oonoccras

to annulated shells, a conclusion with which the writer cannot

agree, and emjploying Oocerina only for actinosiphonate shells,

did not find either genus in the Ordovician, but was obliged to

employ other generic names for such species. However, these

forms, which belong to Oonoccras II, with relatively broad seg-

ments of the siphuncle, cannot be distinguished generically from

forms of the same group in the Bohemian Silurian. Since such

forms also grade into typical Oonoceras it has seemed wisest to

use this generic name to include all of these species.

Foerste (1928) placed some slender compressed species in

Cyrtorizoceras, including Cyrtoccras filosiim Conrad of the Tren-

ton of New York. Later somewhat similar forms with gerontic
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constrictions were placed in Beloitoceras, and later (1932) Rich-

ardsonoceras was erected for similar forms. Difficulties attend

the recognition of a clear line of separation betv/een Oonoceras
and various of these genera.

T}ipical Beloitoceras is quite distinct from Oonoceras in ap-

pearance, having a much more rapidly expanding phragmocone,

followed by a slightly but definitely gibbous region, from which
the shell contracts to the aperture. Oonoceras is a longiconic

cyrtoceracone, but one which may have a short living chamber
bearing internal constrictions, and living chambers alone may
approach those of the more slender species of Beloitoceras. In

fact, a few of these species which are close to the !:. ju.vi,;;ir3 be-

tween the genera on the basis of form, could be assigned to

either and indicate clearly a gradation between the two form

genera. It is not unnatural that this should be found, since Oono-
ceras very probably developed from the older Beloitoceras, but

the affinities, as recognized on the basis of series of similar species,

appear to pass the boundary between the genera several times,

suggesting that Oonoceras may represent several parallel lines of

descent from the more breviconic onccceroids included in Beloito-

ceras.

Much difficulty attends the recognition of Ricliardsonoccras

as a genus distinct from Oonoceras. Foerste erected tliis genus

for species which vv^ere slender cvrtocones in contrast to tlie more

breviconic Beloitoceras and included in it a number of Ordovician

species. At this time Oonoceras was not considered in con-

nection with Ricliardsonoccras, since Foerste regarded that genus

as restricted to Silurian annulated cyrtoceracones. This pro-

cedure, however, leaves without any valid resting place a large

number of Silurian cyrtoconic shells, which we have included in

Oonoceras. It also necessitates the inclusion in the same

genus of a number of Ordovician forms which are obviously

congeneric with these Silurian species. Such shells differ slight-

ly from typical Richardsonoeeras , in being less strongly curved

and in having relatively closely spaced camerse. Therefore, the

writer has recognized Richardsonoccras, though restricting it to

the more strongly curved and more deeply chambered species, re-
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moving the others to Oonoceras (Flower, 1941). That this pro-

cedure may have some value is indicated hy the fact that Richard-

sonaccras in its present form is coniined to the boreal Middle Or-

dovician type wliich is not known to persist either into the typical

Cincinnatian or into the Red River faunas in the broadest sense

of the term.

Digenuoceras Foerste (1935, p. 43) based upon Oxygonio-

ceras (?) latum Foerste (1929, p. 218, pi. 18, figs. 1-2; pi. 19,

fig. 2) of the Red River beds of Manitoba, also identified with

doubt by Foerste from the Bighorn formation (Foerste, 1932, p.

44, pi. 19, fig. 5) differs from Oonoceras in its extremely com-

pressed section in which both the dorsum and venter are angular

in cross section. The shell is probably a cyrtoceracone rather

than a trochoceroid and probably represents an extreme of com-

pression in Oonoceras but seems sufficiently distinct to warrant

the recognition of the genus.

Exomegoceras Miller and Carrier (1942, p. 541), based upon

Exomegoceras wyomingense Miller and Carrier, is very doubtful-

ly distinct from Oonoceras. The genus is distinguished from

Digenuoceras by its authors by the fact that the cross section is

angular on the venter but not on the dorsum. Neither Oonoceras

or Ricliardsonoceras were discussed in connection with the genus.

Although the genotype is somewhat more strongly curved than

typical Oonoceras, it does not appear that it should be separated

generically from other members of the genus.

The writer (Flower, 1941) has previously removed the follow-

ing species to Oonoceras: O. obstructum Foerste of the Vaureal

limestone of Anticosti, O. subcuneatum Foerste and O. wyom-

ingense Foerste of the Bighorn formation, O. shamattawense and

O. sp. Foerste of the Shamattawa limestone of Hudson Bay.

Species of Oonoceras in the Cincinnati region.—The species

of Oonoceras in the Cincinnati region fall into two widely sep-

arated stratigraphic groups. One group of species occurs in the

Cynthiana limestone of Kentucky and is apparently represented

also in the Cathys limestone of Tennessee, though our material

from there has been too fragmentary for proper study. Most of

the Cynthiana material is from a concentration of cephalopods
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in a single lens exposed in the Poindexter quarry at Cynthiana.

No more of this material was available when the locality was re-

visited by the writer in 1942, the lens having been completely re-

moved by quarrying, and as a consequence no new information

is available concerning these species. Therefore, they are only

briefly noted in this work since a repetition of the original figures

and descriptions will sei"ve no useful purpose. To these is added

only one new form, Oonoceras curviseptatum, from the upper

part of the Cynthiana limestone probably from West Covington,

Kentucky.

The Cynthiana species are remarkable mainly for their affinities

with species of the boreal "Richmond" faunas, the Vaureal

formation of Anticosti, the Bighorn dolomite of Wyoming and the

Fremont limestone of Colorado. The affinities of these species

may be summarized as follows

:

O. planiseptatum Flower. Close to O. wyomingense (Foerste)

of the Bighorn formation.

O. acutum Flower. Closest to O. subcimeatum (Foerste) of

the Bighorn formation.

O. curviseptatum Flower, n. sp. Similar to O. planiseptatum,

but more compressed and even closer to O. wyomin'gense.

O. midticameratum Flower. Essentially a smaller and more

slender edition of O. obstructum (Foerste) of the Vaureal forma-

tion of Anticosti.

O. gracilicurvatum Flower. Intermediate between O. mid-

ticameratum and broader and more generalized forms. Preoral

constriction continues from dorsum to venter.

O. triangtdatum Flower and O. triangidatum var. cylindratum

are more generalized types but without any close relatives in the

Ordovician. The same is true of O. orthoforme Flower.

Altliough siphuncles have not been illustrated for most of these

species, the outline of the segments is known in most cases. The

segments are small and relatively slender, though not quite so

slender as in typical Silurian Oonoceras, and no organic deposits

are known within the siphuncle. Some Cynthiana forms of

Faheroceras are similar in form, but the broadly expanded si-

phuncles contain annular deposits.
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No Oonoccras has yet been found in the interval from the top

of the Cynthiana hmestone to the Whitewater formation,

wliere five species have been recognized. O. rcctiduumm

is a small form, nearly straight, with relatively deep

camera^, found in both the lower and upper Whitewater. O.

insitetuni Fhnver is an anomalous species with a .constricted liv-

ing chamber and exceedingly shallow camerse and a very broadly

expanded siphuncle, known only from the Saluda beds. O.

jennemani is a strongl}- compressed shell with the adoral camerae

shallow, in which the venter is scarcely more narrowly rounded

than the dorsum. O. shideleri is less compressed, exhibits a

venter much more narrowly rounded than the dorsum, and is a

considerably larger shell, with a long series of abbreviated camerse

and a short living chamber with a preoral constriction.

O. rcjxwenatum agrees with 0. shideleri in its slender form, but

is closer to O. jennemani in its slight curvature. It differs from

both in possessing a series of abbreviated camerse followed by

normal camerae, and a final series of short camerae ends the

sequence. Two preoral constrictions develop in the shell. All

three of these species, together with a considerable number of

fragments too poor for identiffcation, occur in the upper White-

water beds.

Oonoceras curviseptatum Flower, n. sp. Plate 13, fig, 1

Conch cyrtoconic, slightly curved, and strongly compressed.

The type and only known specimen preserves one lateral surface.

It expands from 58 mm. to 62 mm. in height in a ventral length

of 90 mm. The width is not known at any point, but clearly the

adoral width could not have been over 45 mm. The sides are

strongly flattened though slightly and evenly convex in cross

section, while the venter was narrowly rounded, more so than

the dorsum, and probably subcuneate.

The camercB are deeper in proportion to the shell height than

in most related spe,cies, there being seven or eight camerae in a

length equal to the adoral height of the shell. In the length of

the type the 11 preserved camerae vary from 7 mm, to 9 mm. in

depth as measured ventrally. The sutures form broad lateral
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lobes, which are convex apicad, and slope forward appreciably

on the ventral side. The siphuncle has not been clearly observed,

internal structure having been completely destroyed. There is a

faint indication of it close to the venter where it was evidently

c|uite small. Only the extreme basal part of the living chamber is

retained in the type. Nothing is known of the shell surface,

although a few poorly preserved shell fragments are retained on

the type. A smooth surface is suggested but the proof of this is

not conclusive in view of the poor preservation of the small

fragments of the shell wall.

Discussion.—This is a large strongly compressed species,

very suggestive of Oonoceras wyomingcnsc (Foerste, 1935, p. 40,

pi. 3, fig. i) and approaching it both in size and in the depth of

the camera. The sutures slope more strongly forward on the

ventral side in O. cunnseptatiim. In O. wyomingcnse they are

essentially transverse. Curvature of the shell is slight in both

species and the section is very strongly compressed. In the ex-

treme compression and rather deep camerre this form is easily

separated from O. acutuni of the Cynthiana limestone. Exomcgo-

ceras wyomingcnse is perhaps approached more closely by this

species than any other, but has deeper camera?, greater curvature,

and probably the cuneate condition of the venter is less marked

in O. curviscptatum.

The large cyrtoconic shell resembles rather strongly some

species of Faheroccras. While very little is known of the siph-

uncle of the present species it was evidently not only close to the

venter but also very small, and further, evidently fragile. Even

the simpler Cynthiana species of Faberoceras show siphuncles

which are somewhat larger in comparable growth stages of the

phragmocone, more broadly expanded, and further would be more

readily preserved owing to the extensive deposition of at least

annulosiphonate deposits.

Type.—Holotype, Univ. of Cincinnati Museum, No. 23972.

From the collection of the Cincinnati Society of Natural History.

Occurrence.—No label accompanied the specimen upon which

this species is 'based. Happily, however, the lithology and mode
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of preservation are very distinctive of the upper layers of the

Cynthiana Hmestone as developed along the banks of the Ohio

River close to Cincinnati. Since such material is best exposed

on the Kentucky side, the specimen is probably from the vicinity

of Covington, Kentucky.

Oonoceras planiseptatum Flower

Oonoccras planiseptatum Flower, 191:2, Bull. Amor. Paleont., vol. 27,

No. 103, p. :n, pi. 1, figs. 9-10
;

pi. 2, fig. 6.

A large species characterized by the closely spaced sutures and

nearly flat septa. From the cephalopod lens of the Poindexter

quarry, Cynthiana, Kentucky, in the Greendale member of the

Cynthiana limestone.

Oonoceras acutum Flower

Oonoceras acutum Flower, 1942, Bull. Amer. Paleont., vol. 27, No. 103, p.

32, pi. 2, figs. 3-5.

This is a somewhat smaller and more slender species, with

closely spaced nearly transverse septa and a strongly compressed

cross section, cuneate ventrally. Known only from the cepha-

lopod lens of the Poindexter quarry, Cynthiana, Kentucky, in the

Greendale member of the Cynthiana limestone. (Fig, 13, F-G.)

Oonoceras ( ?) brevidomum Flower

Oonoceras ( ?) brevidomum Flower, 19-42, Bull. Amer. Paleont., vol. 27,
No. 103, p. 33, pi. 2, figs. 1-2.

This species is distinguished readily by its large size, broad

section, and short living chamber. The breviconic aspect of the

type has been augmented by crushing. However, slight original

breviconic tendencies cause this to be slightly atypical for Oono-

ceras, and, therefore, it is referred to this genus with doubt. There

is, however, little reason to believe that it is not quite closely re-

lated to associated forms. It is from the same locality and horizon

as the preceding species.

Oonoceras niulticameratum Flower

Oonoceras multicamcratum Flower, 1942, Bull. Amer. Paleont., vol. 27,

No. 103, p. 34, pi. 3, figs. 1-2.

This is essentially a smaller edition of Oonoceras obstructum

of the Vaureal limestone, differing, however, in its smaller size,

less curved sutures, closer septa, and the less pronounced con-
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striction of the living chamber. From the same locaHty and hori-

zon as the above. (Fig. 13, H-I.)

Oonoceras graciiicurvatum Flower

Oonoceras gracilicwrvatum Flower, 1942, iJull. Amer. Paleoiit., vol. 27,

No. 1U3, p. 35, pi. 4, figs. 3-5.

This is closely allied to O. multicameratuni but is slightly more

curved, more deeply septate, and the constriction occurs on the

ventral as well as on the dorsal side of the living chamber. From
the same association as the above.

Oonoceras triangulatum Flower

Oonoceras triangulatum Flower, 1942, Bull. Amer. Paloont., vol. 27, No.
103, p. 36, pi. 4, figs. 6-8.

A relatively simple small species without a preoral constriction

and with a subtriangular section. The rate of expansion is gradual.

From the cephalopod lens of the Greendale member of the Cyn-

thiana limestone in the Poindexter quarry, Cynthiana, Kentucky.

Oonoceras triangulatum var. cylindratum Flowex

Oonoceras triangulatum var. cylindratum Flower, 1942, Bull. Amer.
Paleont., vol. 27, No. 103, p. 37, pi. 1, figs. 3-4.

This agrees closely witli the preceding form in all features

except the rate of expansion. As the name implies, the shell ex-

pands so slowly as to be nearly cylindrical. From the cephalo-

pod lens of the Poindexter cjuarry, in the Greendale member of

the Cynthiana limestone. (Fig. 13L.)

Oonoceras suborthoforme Flower

Oonoceras suhorthoforme Flower, 1942, Bull. Amer. Paleont., vol. 27, No.

103, p. 38, pi. 1, fig. 11.

This is a small species, nearly straight, with prominent lateral

lobes. From the same association as the above species.

Oonoceras fennemani Flower, n. sp. Plate 33, figs. 1-2

The type of this sipecies is a phragmocone 94 mm. in length,

very slender, very strongly compressed, but with the ventral side

of the section not much more narrowly rounded than the dorsal

side. Curvature is slight, the radius for the ventral profile being

about 150 mm. on an average, though even greater for the basal

three-fourths of the shell. Possibly the apparent adoral increase

in curvature is not normal.

Expansion of the shell is uniform. In the basal 80 mm. the
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shell increases from ly mm. and 23 mm. to 23 mm. and 28 mm.
Lateral lobes of the sutures are poorly developed, but the sutures

tend to slope rather strongly orad on the venter in the later growth

stages. There are 33 recognizable camerae which increase only

very gradually in depth when traced orad. The basal 10 camerse

occupy a length of 25 mm. Near the adoral end, at an adoral shell

height of 28 mm., 10 camera; occupy 30 mm. At the extreme

adoral end the camerse are more poorly preserved, and the ex-

treme tip of the specimen may represent the 'base of the living

chamber.

Discussion.—This species may readily be distinguished from

O. shideleri since it is more strongly compressed in cross sec-

tion, and the venter is not more rounded than the dorsum. The

curvature of the shell is less marked. The rate of expansion

is more uniform. The septa are not crowded adorally, the sutures

are less oblique and show a poorer development of lateral lobes

in spite of the more compressed condition of the cross section.

The siphuncle is poorly indicated but lies close to the venter. Its

position shows that tlie shell has been slightly distorted, but ap-

parently has not been greatly compressed by pressure. Several

more poorly preserved fragments are assigned to this species

with doubt, but are not well enough preserved for certain identi-

fication.

Type.—Holotype, collection of Dr. W. H. Shideler.

Occurrence.—Transition zone between Saluda and White-

water, 5 miles west of Oxford, Ohio, on small eastern tributary

of Indian Creek. A second specimen is from the Whitewater

formation. Devil's Backbone, Camden, Ohio.

Oonoceras shideleri Flower, n. sp. Plate 33, fig. 7

This is a slender gently curved cyrtoceracone moderately com-

pressed in section with the venter markedly more narrow than

the dorsum. The type has a maximum ventral length of 80 mm.
and a ventral radius of curvature of about 140 mm. It expands

moderately, increasing from 19 mm. and 21 mm. near the base to

21 mm. and 26 mm. 40 mm. beyond. In the next 17 mm. the

shell is more tubular, increasing to 27 mm. and 20 mm., which is
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tollowed by a constriction at least on tlie internal mold, and the

aperture apparently lay very shortly beyond.

The living chamber has a ventral length of about 20 mm., w^ith

a basal height and width of 26 mm. and 21 mm. The phragmo-

cone is about 50 nmi. in length, and preserves at least in part, 25

camercC. The basal .camera; are relatively deep, increasing from

2 mm. to 3 nmi. in depth as traced orad. In the adoral 15 mm. of

this interval live camer^e occur. Succeeding camer^e are markedly

abbreviated, seven to eight occurring in tlie next 15 mm. and 10

in 20 mm., which together constitute the whole series of abbrevi-

ated chambers. The sutures form shallow lateral lobes and adoral-

ly tend to slope orad on the ventral side of the shell. The si-

phuucle has not been obsei"ved. The living chamber has a ventral

lengtli of 17 mm., a dorsal length of 18 mm., but the aperture is

not preserved.

Discussion.—The type evidently represents a mature shell as

judged by the preoral constriction and the shallow adoral camerse.

The species is distinctive in the curvature, the variable spacing of

the septa in the growth stages, and the preoral constriction of the

shell. Probably the living cham'ber is nearly complete, as judged

from comparable species such as O. niulticameratum of the Cyn-

tliiana limestone and O. gracilicurvatum of the same formation.

This species is probably more closely related to these two than to

any others. It is larger than O. gracilicurvatum, less uniform in

rate of expansion and spacing of the camerse, and less strongly

curved. O. miilticameratuni is even smaller, the constriction is

confined to the dorsum, and that species also is apparently uni-

form in the rate of expansion and lacks the long series of abbre-

viated adoral camerje. In these features O. shideleri is apparent-

ly a gerontic manifestation of the same general stock to which

these Cynthiana species belong.

Type.—Holotype, Shideler Collection, Miami University.

Occurrence.—Upper Whitewater beds, from left fork of

Bensley Creek, just above bridge, north of Camden, Ohio.
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Oonoceras rejuvenatum Flower, n. sp. Plate 33, figs. 8-11

This species is known largely from isolated and frequently

distorted fragments. The conch is only very slightly curved, the

ventral prohle having an estimated radius of .curvature of at least

15 mm. The cross section is compressed, the venter subcuneate.

The best preserved fragment shows a width of 21.5 mm. at a

height of 26 mm. The sutures show only a faint development of

lateral lobes but slope increasingly forward on the venter as they

are traced orad on the shell.

The shell expands only very gradually and in this respect is

comparable to 0. fcnnciiwni. Expansion of the early stages is

unknown. At the region of the first series of closely spaced

cameras the shell is nearly tubular. Well orad of this lie two

zones of gentle constriction, beyontl which the shell is tubular to

the aperture.

The basal septa are apparently widely spaced up to a shell

height of about 26 mm. Here occurs a series of shallow camerae

over a length of about 7 mm, at the most, three camera; here oc-

cupying a length of 5 mm. Orad of this for an interval of at

least 25 mm. deeper camera: occur ; three are found in a length of

TO mm. Still farther orad the septa a;';ain become crowded, three

to two occup}ing a length of 5 mm. Presumably this represents

the maximum development of the ph]-agm.ocone in this species.

The living chamber is imperfectly known but appears to be rel-

atively short. In one shell, a flattened specimen with a living

chamber 25 mm. long, the width of the shell at the base of the

living chamber is 25 mm.
The various specimens by which this species is represented

suggest that even when due allowance is made for distortion by

pressure, there must have been a rather appreciable amount of

variation in the actual proportions of the shell, particularly in

reference to the sj^acing ar.d occurrence of the constrictifjns, and

the intervals of .closely spaced septa.

The least distorted specimen sliows a basal height of 26 mm. and

a width of 22 mm. At its base are closely spaced septa showing

the free part of the septum as markedly curved. The se.^ments
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of the siphuncle have a maximum diameter here of 3 mm. and are

apparently broad, short, and abruptly contracted at the septa,

very much as in Manitoulinoceras. No trace of actinosiphonate

deposits can be found. The three basal camerse on this specimen

occupy a length of 5 mm. while the next three occupy 9 mm. On
this specimen the dorsum is essentially straight, the venter slight-

ly convex, contracting orad, the height decreasing in 15 mm.

from 26 mm. to 24.5 mm. A more complete though badly flat-

tened specimen shoves that this contraction represents the first of

the two constricted zones of the shell, presumably representing

the aperture of the shell at the time of the secretion of the closely

spaced icamerse. No such correlation is possible, however, for

the second constriction, which is well shown on this specimen

(PI. 33, fig. 8) and which is somewhat shallower.

Discussion.—This species is erected for the reception of a num-

ber of specimens which are fragmentary and usually somewhat

distorted and yet may be distinguished from the two species de-

scribed above by the presence of relatively deep camerae following

a series of abbreviated camerje. The shallow camerze were evi-

dently preceded by a series of normal camerse, as in O. shideleri,

although these are poorly shown in our material. O. rejuvenatum

is similar to O. shideleri in cross section but is less strongly

curved. Further, in O. sliideleri the abbreviated camerge occupy

a much longer interval and occur at a slightly later growth stage.

They occupy an interval of shell length about twice that occupied

by abbreviated camerse in O. rejuvenatum. In O. shideleri the

abbreviated camerse persist to a shell height of 27 mm. or 28 mm.,

while in O. rejuvenatum they give way to "rejuvenated" deep

camerse at a shell height of 26 mm. These small differences in

shell height do, however, represent appreciable differences in the

distance from the apex, for the expansion of the shell is exceed-

ingly gradual in commensurate portions of the conch of both

species.

O. fennemani is more similar to O. rejuvenatum in the slender

form of the shell and the very slight curvature. However, this

species retains normal expansion of the ,conch and spacing of the
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septa to a growth stage much later than that of O. rejuvcnatiim

which is characterized by the abbreviated cameras. Further,

O. jciincinani has a more strongly compressed section, in which

the venter is much less narrowly rounded.

Types.—Holot}pe and paratype, collection of Dr. W. H.

Shitleler.

Occurrence.—From the upper Whitewater beds, Dodge's

Creek, Oxford, Ohio, and from the Devil's Bn,ckbone, Camden,

Ohio. Distorted fragmentary specimens tentatively placed here

are from the upper Whitewater, McDill's Mills, near Oxford, and

from west of Oxford, Ohio.

Oonoccras rcctidomum Flower, n. sp. Plate 40, figs. 6-8

This is a small Oonoccras which is nearly straight. The holo-

type, 48 mm. in length, is compressed in section, the venter only

slightly more narrowly rounded than the dorsum. The dorsal and

ventral profiles are nearly straight. The sides are likewise nearly

straight but show a very faint contraction in the lower part of the

living chamber which may be artificial. The shell expands from

17 mm. and 20 mm. at the base to 21 mm. and 18 mm. in the

20 mm. of the phragmocone. The living chamber has a length of

25 mm. on the venter and is not quite complete elsewhere. Near

the aperture it has a height of 21 mm. and a width of 18 mm.

The eight ,camerae of the phragmocone occupy 20 mm. and are

subequal in depth. The sutures slope orad from dorsum to venter

rather uniformly and have slight lateral lobes. The siphuncle,

aperture, and surface markings are not shown.

Discussion.—This species is highly distinctive in the tubular

nearly straight shell and the relatively deep camer?e. The holo-

type lacks the usual adoral contraction of the cameras and may

not be ninture. However, it may be distinguished from other

species by the less curved form of the shell, no associated forms

being at all closely similar in this respect.

Holotype.—University of Cincinnati, No. 24484.

Occurrence.—Lower Whitewater beds, Flat Fork Creek, north

of Fort Ancient, Ohio,
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Qonoceras insuetum Flower, n. sp. Plate 36, fig. 5; Plate 37, fig. 8

The holotype represents the adoral portion of a compressed

cyrtocone of evidently very slender form. The section is strongly

compressed, the venter subangulate, the dorsum more broadly

rounded. The dorsum and venter are apparently subparallel

and slightly curved. The shell is faintly gibbous over the adoral

end of the phragmocone, contracting to a point near the middle

of the living chamber and then expanding slightly to the aperture.

The ventral profile is slightly and uniformly curved. The dorsum

is krgely missing but is nearly straight near the aperture and

may have been faintly convex over the lower part of the living

chamber. The sides are convex over the adoral part of the phrag-

mocone, constricted at the middle of the living chamber, and flar-

ing slightly to the aperture. The shell attains a width of 2i mm.

and a height of 28 mm. at the base of the living chamber, contracts

in the next 18 mm. to 17 mm. and 27 mm. and expands at the

aperture, in the next 15 mm., to 19 mm. and 24 mm. The aper-

ture has a well-developed hyponomic sinus, well shown on the sur-

face by the rather coarse lines of growth.

The camerse are exceedingly shallow. The sutures develop

lateral lobes separated hy a rather low crest on the venter. The

sutures are approximately normal to the axis of the shell. The

13 camerse occupy a length of 17 mm. and are slig'htly variable in

depth. The siphuncle lies close to the venter. The segments are

short, very broad, the outlines of the segment strongly convex.

Accessory calcite o,ccurs in the section obscuring any original

organic deposits which may have been there.

Discussion.—The lateral profiles of this species serve to dis-

tinguish it from other species of Oonoccras, the constriction of

the living chamber being exceptionally prominent. The broad

segments of the siphuncle suggest those of Manitoulinoceras, but

similar segments which appear to intergrade between typical

Oonoceras and Oocerina are known in Bohemian Silurian spe-

cies. Among the Middle Silurian species described by Barrande

no clear division is possible between those species with relatively

slender siphuncles and those in which the segments of the siph-
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uncle are broadly expantleil as in this species. Unfortunately

none of the associated Richmond species of Oonoccras have ) ield-

ed good sections, though it is possible that O. shidelcri and O.

fenneniani may have similar siphuncles. The exceedingly shal-

low camerse appear to be a gerontic feature. O. rejiivcnatum

has similar .camerse though over a shorter interval of the shell.

O. fenneniani is somewhat similar in the spacing of the adoral

cameras but is less strongly compressed and dififers in the shape of

the living chamber, having only a faint constriction near the

aperture.

Holotype.—Univ. of Cincinnati, No. 24482.

Occurrence.—From the Saluda beds, at Versailles, Indiana.

Collected by the writer.

Genus CTi'RTORIZOCERAS Hyatt

Genotype.

—

Cyrfoccras minncapolis Clarke.

Cyrtorizoceras Hyatt, 1900, CeiJlialopoda in Zittel-Eastmann Textb.

Paleont., vol. 1, 1st cd., p. 529 (reprinted with different pagination,

later editions) ; Focrste, 1926, Dcnison Univ. Bull., Sci. Lab., Jour.,

vol. 21, pp. 316-7, pi. 35, fig-. 3A-E ; Foerste, ibid.. 1927 vol. 22, p. 52;
Foerste, ibid., 1930, vol. 25, pp. 27-8; Foerste, 1933, ibid., vol. 28, p.

87; Foerste, 1936, ibid., vol. 31, p. 50; Flower, 1942, Bull. Amer.
Paleont., vol. 27, No. 105, pp. 19-21.

This genus has been used for compressed exogastric cyrtocones

which enlarge rather rapidly and constantly toward the aperture.

As such it has been emplo}ed for a considerable number of

Silurian species. The genotype, however, is Ordovician. That

species is not very well known, but there is reason to suspect that

the Silurian species are homeomorphic and not actually related

to true Cyrtorizoceras at all. The two groups of species are

separated by a stratigraphic interval ranging from certainly the

Richmond and possibly the Trenton to the Middle Silurian. The

Silurian species are all much larger than those of the Ordovician

and have living chambers which tend to become more tubular in

vertical outline. The siphimcle is relatively large. The surface

la,cks the broad costse of the Ordovician species, and the aperture

is not contracted laterally.

The genotype of Cyrtorizoceras is a small cyrtocone, expand-

ing vertically to the aperture. The shell is relatively short, the
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sutures with only faint lateral lobes, the dorsal and ven-

tral saddles not conspicuous. The ventral siphuncle is slender but

clearly expanded within the cameras. Its internal structure has

not been studied by sections, as the mode of preservation of the

Platteville genotype is not favorable for any such study. There

is, however, no reason to suspect but that the siphuncle was free

from deposits. The aperture is marked by a deep hyponomic

sinus. The shell expands vertically to the aperture but contracts

faintly laterally over the adoral end of the living chamber. The
surface of the shell bears broad rather widely spaced costa;

which may be obscure or may be so strong as to suggest the

costate group of species of Zittcloccras.

The Ordovician species whicli have Ijeen placed in Cyrtorizo-

ceras are for the most part not typical. Aside from the genotype

from the Platteville of Wisconsin, the only other Ordovician spe-

cies which is fairly typical in form is C. cUiscnse Foerste of the

Ellis Bay formation of Anticosti. No costse are known on this

species, which is more rapidly expanding than the genotype. One
undescribed species is known to the writer from the Lowville

limestone, one quite similar to the genotype in ornament and its

small size. Cyrtoceras arcticuin Schuchert which Foerste re-

ferred to Bcloitoccras (see fig. ii L, M) is clearly typical of

Cyrtorizoceras rather than Beloitoceras in expanding rapidly to

the aperture. Teichert (1930) described C. horni from the

Lychholm beds. Strand (1934) identified this species from the

gastropod limestone of Oslo and described C. ? temie from the

same horizon. Neither are quite typical.

No species have been found in the Cincinnati region which are

typical of the genus.

As noted in the discussion of the Oncoceratidse, Cyrtorizoceras

is similar to Richardsonoccras and Beloitoceras and might have

indeed been considered a Z>c'/o7Yt'r(?ro.s which failed to attain the us-

ual gibbous living chamber, but which expanded vertically to the

aperture and shows maturity only by a very late but well-marked

lateral contraction of the shell. The surface markings of typical

species are so similar to the ornament of Zitteloceras in the group
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of Z. billiiKjsi, that it is siispecteil that Zittcloceras may have been

derived from the typical Oncoceratidre through Cyrtorizoccras,

the essential changes being the development of a more gradually

expanding shell and the increase of the faint costaj of Cyrtorku-

ceras to stronger ones. Some Zittcloceras still retain the abrujjt

lateral contraction of the aperture.

Genus MIAMOCERAS Flower, n. gen.

Genotype.

—

Mimnoceras shideleri Flower, n. sp.

Conch compressed in section, venter slightly more narrowly

rounded than the dorsum. The phragmocone is fairly rapidly

expanding and is .curved exogastrically. The living chamber is

straight to the aperture on dorsum and venter but appears to

contract faintly laterally. The sutures are straight and trans-

verse. The siphuncle lies close to the venter. In transverse sec-

tion the segments are shaped like those of Danoccras, the short re-

curved necks running apicad within the siphuncle slightly, the

connecting rings broadly adnate to the septum adorally, then be-

coming free and approaching each other adapically so that they

meet the next adapical septum with no area of adnation. The si-

phuncle shows a slight thickening of its wall at the region of the

septal necks. This may be due in part to the thickness of the

recurved neck, but a slight thickening of the true ring is suspected.

The aperture has a moderately developed hyponomic sinus.

Surface features are unknown.

Discttssion.—This genus, based upon a monotype spe-

cies, is strikingly different from other cyrtocones in the form of

the shell. The straight and essentially tubular living chamber

distinguish it from all other genera of the Oncoceratidse.

Oonoceras, which is perhaps closest in having a very gradually

expanding shell, is cyrtoconic throughout, further the early part

is as gradually expanded as the living chamber. Richardsono-

ceras and Cyrtorisoccras are likewise curved throughout. Onco-

ceras, Beloitoceras, and Neumatoceras are breviconic. The

genus most similar in aspect to this one is Kcntlandoceras, which

agrees with Miamoceras in the curved rapidly expanding phrag-
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mocone followed by a straight tubular living chamber, but the

section is circular and the venter clearly lacks a hyponomic sinus.

Although the siphuncle is quite chjse in form to that of Danoceras

Troedsson, the form of the shell is not. Both are compressed

shells with simple transverse sutures. Danoceras, however, is an

essentiall}' straight shell, but seems to be allied to the endogastric

Diestoceras rather than to the exogastric Oncoceratidse.

Miamoceras shideleri Flower, n. sp. Plate 40, figs. 1-3

The phragmocone of this species is a compressed rather rapidly

expanding cyrtocone. The living Chamber, still compressed, is

essentially tubular. The holotype is 75 mm. in lc!'''i:h [> the

aperture, increasing from 10 mm. and 10 mm. near the base to

25 mm. and 22 mm. at the base ri the living chamber in a ventral

length of 46 mm. and a dorsal length of 37 mm. The living

chamber has a maximum length of 30 mm., and tlie aperture ap-

pears to be complete laterally. The dorsum and venter are es-

sentially straight and parallel. The shell contracts laterally

over the living chamber, decreasing from 23 mm. to 20 mm. in

the basal 24 mm. Laterally a very faint constriction is apparent

just before the aperture, 20 to 25 mm. beyond the base. The

dorsum of the type is incomplete, but the height remains 25 mm.
at a distance 25 mm. beyond the base of the living chamber. The

aperture curved apicad on the venter to form a broad deep

hyponomic sinus, so that the ventral length of the sliell is only

22 mm.
The sutures are straight and transverse. The camei"^, obscure

apically, are subequal and 3 mm. in depth in the later part of the

shell. The last camera is somewhat shorter, indicating the ap-

proach of maturity. The siphuncle is preserved only adorally

and has 'been exposed by a transverse cut on the venter of the

phragmocone. A segment 3 mm. long has a width at the septal

foramen of 2 mm., and a maximum width near its adoral end of

3 mm. Septal necks are short, strongly recumbent, and appear to

project within the siphuncle. Apicad from the neck the ring is

expanded and adnate to the septum, then becomes free and the
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two sides of the siphuncle approacli each other gradually, meet-

ing the adapical septal necks with no area of adnation. The con-

necting ring shows a faint and rather erratic thickening, con-

centrated near hut not altogether conhned to the region of tlie

septal foramen. While such a phenomenon is not common in the

OncQceratidae it is not unknown there and never seems to develop

into actinosiphonate structure or to have any relation to the more

uniform thickening of the ring found in the Westonoceratidse.

The species may be distinguished from its associates by the ge-

neric characters.

Type.—Holotype, collection of Dr. W. II. Shideler.

Occurrence.—'From the Sakida beds, in a small tributary of

Indian Creek, about 5 miles west of Oxford, Ohio.

Genus RIZOCERAS Hyatt

Genotype.

—

Orthocfras indocile Barrande.

Rizoceras Hyatt, 18S-i, Boston Soc. Nat. Hist., Proc, vol. 22, p. 276;
Hyatt, 1900, Zittel-Eastmann Textbook Pal., vol. I, 1st ed., p. 529
(repiintc'il, later editions, witJi different pagination) ; I'oerste, 1926,
Denison Univ. Bull., Sci. Lab., Jour., vol. 21, p. i!l5, pi. 34, fig. 3A-E;
Flower, 1942, Bull. Amer. Paleont., vol. 27, No. 103, p. 60.

Shell slightly compressed, expanding fairly rapidly from apex

to aperture. Adoral part of shell straight, apex faintly exogastric.

Hyponomic sinus developed throughout life. Sutures are essen-

tially straight and transverse in the genotype but may develop

slight lateral lobes, especially in strongly compressed species. Si-

phu^cle close to the venter, segments cyrtochoanitic, heart-shaped,

empty in the genotype. Surface with strong faintly rugose trans-

verse markings.

The type species of this genus is from the Silurian of Bohemia.

The genus is apparently a long ranging one and is represented by

Ordovician and Silurian species in America, which are listed be-

low:

R. {?) coronatum Foerste and Savage. Shamattawa limestone,

Hudson Bay,

R. ( ?) carletonense Foerste. Black River, Ottawa, Ontario,

R. graciliforme Flower. Cynthiana limestone, Kentucky,

R. conicum Flower. Cynthiana limestone, Kentucky.
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R. bellulum Flower, Lower Whitewater, Ohio.

R. (;"') atlanticum Foerste. Gascons formation, Port Daniel,

Quebec.

R. (.^) Foerste. Gascons formation, Port Daniel.

R. {'/) infundibuliforme Foerste. Gascons formation. Port

Daniel.

R.
( ?) lockportensc Foerste. Medinan, western New York.

R. (.'^) pocilijorme Foerste. Gascons formation. Port Daniel.

Nothing is known of the internal structure of any of the species

except for the Silurian genotype. It is uncertain whether this

genus actually continued from the Ordovician through the Silur-

ian, or whether, as is probably true of Cyrtorisoceras, the Ordo-

vician and Silurian species represent convergent and independent

lines of descent. Ordovician species are distinctive in having the

shell somewhat more clearly exogastric, sometimes with a slight

curvature of the apex. However, if Rhoceras is a persistent ge-

nus, it must have arisen from the One oceras complex, and it is not

surprising that the older species should show traces of the curva-

ture which is an inherent primitive feature in the stock. From

Barrande's figures, no trace of apical curvature remains in the

Bohemian genotype.

Of the American Silurian species, those from Pt. Daniel are

very poorly preserved and little is known of their internal struc-

ture. The single Medinan species seems to be atypical, for it has a

subcentral siphuncle composed of subspherical segments.

All of the known representatives of the genus in the Ordovician

are American. Of these, three occur in the region of the Cincin-

nati arch, two are Cynthiana species and one is from the White-

water. The Cynthiana species were recently described and fig-

ured by the writer, and only the reference to the descriptions and

figures is given, since it contains all of the information available

concerning these species.

Rizoceras graciliforme Flower

Eixoccras f/raciliforwe Flower, 1941, Bull. Amor. Palcont., vol. 27, No.

103, p. 21, pi. 2, fig. 7.

Known only from a ,cephalopod bearing lens found in the

Poindexter quarry at Cynthiana, Kentucky.
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Rizoceras conicum Flower

Eizuceras conicum Flower, llMl, Bull. An-.cr. Paleout., vol. 117, No. lOIJ,

p. 21-22, pi. 1, figs. 7-8.

Found only in association with the above species.

Rizoceras beilulum Flower, n. sp. Plate 19, figs. 7-9

Conch small, rapidly expanding to the aperture, faintly curved

throughout. The section at the base is circular, and adorally the

height apparently becomes only very slightly greater than the

width if at all, though the venter becomes slightly more narrowly

rounded than the dorsum. The holotypc consists of a living

chamber which has been subjected to compression as the result

of flattening. This sliell (PL 19, lig. 7) expands from 15 mm.
and 13 mm. at the base to a height of 23 mm. and an estimated

width of 17 mm. The ventral length is 15 mm., the dorsum 14

mm., and ventro-laterally, the greatest length of 17 mm. is at-

tained. The aperture is apparently attained, though incomplete.

At the base of the living .chamber is a transverse suture. The

septum fails to show the position of the siphuncle. A paratype

(Univ. of Cincinnati, No. 24330) represents an immature indi-

vidual in which no distortion appears to have taken place. This

shell is circular in section at the base, measuring 6 mm. in diame-

ter. A width of 15 mm. is attained at the aperture in a dorsal

length of 16 mm. The dorsum is slightly concave throughout in

profile, though slightly less curved adorally than adapically. The

adoral half of the venter is missing; 8.4 mm. above the base of

the specimen the height of the shell is equal to the width but the

venter is becoming slightly more narrowly rounded than the

dorsum. Five camene and part of a sixth at the base of the speci-

men occupy 5 mm. on the dorsum and 7 mm. on the venter. The

sutures are straight, transverse, and simple. Other features of

the phragmocone are not shown. The aperture is straight lateral-

ly and dorsally and normal to the slightly curving axis of the shell.

A third specimen (PI. 19, fig. 9) represents a vertically crushed

shell comparable in size to the holotype. It increases from

II mm. in width and 10 mm. in height to a width of 22 mm. in

a length of 22 mm., and has a maximum (lateral) length of 29

mm. The seven camerse occupy 11 mm. The venter is crushed
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and its features are not clearly shown.

Discussion.—This small Risoceras occurs in the lower White-

water beds and in spite of the fragmentary nature of the specimens

observed thus far, can be seen to be distinct from its closest rel-

atives of the Cincinnati area, R. conicnm and R. graciliforme of

the Cynthiana limestone. R. gracilijorme is a less curved spe-

cies which shows only the slightest adapical curvature and is

much more slender in its rate of expansion. R. conicnm is closer

to R. helluhim in proportions, particularly in rate of expansion.

R. helluhtm be,comes definitely compressed, a difference which

might conceivably be more apparent than real, as adoral portions

of the Whitewater form are known only from flattened fragments.

Curvature of the dorsum of the two species differs only slightly,

R. hellulimn being somewhat more curved adapically. Perhaps

a better difference is found in the living chambers, for that of

R. conicum is considerably longer in proportion to its basal diam-

eter than that of R. helluhim. Further, R. helluhim shows an

early narrowing of the .curvature of the shell in cross section on

the venter which is not developed in the Cynthiana species.

Type.—Holotype and paratype, collection of Dr. W. H. Shid-

eler. Paratype, Univ. of Cincinnati Museum, No. 24330.

Occurrence.—All three of the known specimens are from the

lower Whitewater of Dodge's Creek, on the outskirts of Oxford,

Ohio.

Genus ZITTELOCERAS Hyatt

Genotype.

—

Cyrtoceraa haUianum d 'Orbigny.

Zitteloceras Hyatt, 1884, Boston Soc. Nat. Hist., Proc, vol. 22, p. 284.

Zitteloceras Zittel, 1884, Handb. Pal., Abt. 1, Paleozoologie, Bd. 2, p.

374; Hyatt, 1894, Amer. Phil. Soe., Proc, vol. 32, p. 518; Hyatt, 1900,

Cephalopoda, in Zittel-Eastniann Textb. Paleont., vol. 1, 1st ed., p.

522 (reprinted with different pagination in later editions) ; Grabau
and Shinier, 1919, North American Index Fossils, Invertebrates, vol. 2,

p. 76 ; Foerste, 1933, Denison Univ. Bull., Sci. Lab., Jour., vol. 28, p. 77.

Laphamoceras Foerste, 1933, Denison Univ. Bull., Sci. Lab., Jour., vol.

28, p. 76.

Description.—Zitteloceras consists of cyrtoconic shells, usually

rather small, rounded in .cross section, usually slightly broader

than high with the venter and dorsum about equally rounded. The
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sutures are straight and transverse norniall\, Init adorall)- may
incline slightly orad from dorsum to venter. The siphuncle is

small, close to the venter, and is composed of segments which ex-

pand very slightly within the cameras and which are subortho-

clioanitic rather than cyrtochoanitic. The siphuncle is not known

to contain any organic deposits. The shell surface is character-

ized by the presence of numerous transverse frills which are typ-

ically crenulate. In those species included under Laphamoceras

crenulation is missing, and in the group of Zittcloceras hillingsi

the frills are replaced by distant noncrenulate annuli.

Historical notes.—The concept of the genus Zittcloceras has

varied greatly at the hands of various investigators. The original

description contains features of the sutures not present on the

genotype, but prol)a]3ly based upon Devonian species now placed

in other genera: "Zittcloceras nobis, includes species of arcuate

Silurian and Devonian longicones with whorl in section elliptical

and an external frilled layer resetahlmg Dawsonoceras, but no

costae, and much larger ventral sinus in the aperture, and cor-

responding deflections of the frilled ridges and lines of growth.

Siphon is small, tubular and ventral. Sutures have ventral sad-

dles, lateral lobes, and dorsal saddles. The living chamd3ers are

long, and apertures open. Type: Zitt. (Cyrt.) lamellosum, sp.

Hall, Nat. Hist. N. Y., Vol. i, pi. 41. Amer. Mus., N. Y."

In 1894 Hyatt only mentions the genus as a member of the

Rutoceratid^e. In 1900 Zittcloceras appears as a member of the

Halloceratidse of the Ryticeratida. The diagnosis, though brief,

indicates some change of concept : "Cyrtoceras of depressed ellip-

tical section, the venter narrower and more gibbous than the

dorsum. The layers finely frilled and closely set in the intervals

between more prominent annular bands. Ordovician to Devon-

ian."

Grabau and Shimer (1910) present a brief diagnosis paraphras-

ing Hyatt's description of 1900, and three species are mentioned

in connection with the genus: Z. halliannm (d'Orbigny) =: Z.

lamellosum (Hall), Z. hillingsi (Salter), and Z. nereus (Hall).

The first two are Ordovician species and still include Zitteloceras;
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the third is Devonian and is not properly a Zitteloceras.

Foerste (1928) described and illustrated several Ordovician

species of Zitteloceras and later (1933) revised the genus and des-

cribed and figured other species. At this time he restricted

Zitteloceras to forms with crenulate bands or distant annular

bands, placing species with closely spaced noncrenulate frills in

the new genus Laphamoceras.

Flower (Middle Devonian cephalopods of New York, in press,

New York State Museum) pointed out that Zitteloceras is to be

restricted to cyrtoconic shells of the Ordovician which are sub-

orthochoanitic to narrowly cyrtochoanitic and that the Devonian

species which have been placed here in the past are true or-

thochoanitic types with tubular siphuncles which are homeomor-

phic with Zitteloceras but not related to it. A new generic name

is proposed for the Devonian species formerly placed in Zittelo-

ceras.

Hyatt originally proposed this genus under the name Zittello-

ceras, an error which was subsequently corrected. This change

is regarded as permissable for not only is it an obvious lapsus

calami, but a footnote in connection with the original description

makes it evident that the genus was named for Zittel.

Species group of Zitteloceras.—Although a small genus, com-

prising 14 American and one European species. Zitteloceras ex-

hibits considerable variation in surface features among the vari-

ous species. Upon this basis it is possible to recognize four more

or less distinct species groups which appear to be genetic units

and some of these can be traced from the Middle to the Upper

Ordovician.

I. Group of Zitteloceras billingsi.—The shell surface is marked

by transverse low rounded annuli. No true projecting frills are

known, and no trace of crenulation is developed. The group ex-

tends from the Black River to the Richmond and is probably

more distinct from the remainder of Zitteloceras than any other of

the groups. It ^contains four species

:

Zitteloceras billingsi (Salter), Middle Ordovician, Paquette

Rapids, Ottawa River. (See Foerste, 1932, 1933.) The age of

the beds yielding this species is still not satisfactorily settled.
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Originally regarded as Leray, they have recently been placed in

the Rockland formation of the Trenton by Kay (1937, 1942)

though without a clear exposition of the evidence leading to this

change. In the opinion of the writer the beds may very easily be

post-Chaumont and pre-Rockland, representing local deposition

of strata in the time interval between Black River and Trenton

when most of North America was probably emergent.

Z. sinuatum (Billings), "Leray" limestone, Black River, Ot-

tawa, Ontario.

Z. brevicurvatiim (Whitfield), (see Foerste, 1932, 1933)

Platteville limestone, Wisconsin.

Z. expansum Foerste, n. sp., Whitewater beds, Richmond, of

Ohio.

II. Group of Zitteloceras hallianum.—No annuli are present,

but instead there are relatively distant and prominent transverse

frills which are distinctly crenulate. No finer markings are known
between the primary frills.

Z. haUiamim (d'Orbigny) {= Cyrtoceras lamellosum Hall

1847, not Verneuil, 1842) (see Foerste, 1928), Trenton lime-

stone, Middleville, New York.

Z. heloitensc Foerste (1928), Platteville limestone, Wisconsin.

Z. shideleri Flower, n. sp., lower Whitewater, Ohio.

Z. hitzi (Foerste), upper Whitewater, Indiana.

III. Group of Z. clarkeaniini.—Typically this group has dis-

tant rather prominent primary crenulate frills and secondary

weaker and more .closely spaced frills between. Where differ-

entiation is marked between the two series of frills, the group

differs from that of Z. hallianum only in the presence of fine trans-

verse frills 'between the coarse distant ones. This difference may
be more apparent than real, as some species of the Z. hallianum

group are known from material which does not preserve the sur-

face very clearly. In other species differentiation is not marked,

and in some forms there is scarcely any differentiation of primary

and secondary frills. Such species have low very numerous

crowded frills and will not be confused with the Z. hallianum

group in aspect. However, the frills become more and more nu-
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merous, and their crenulations tend to become reduced until a

point is reached at which there seems to be no natural boundary

between this and the following division.

Z. clarkeanwn Foerste (1932, 1933, see also McKalvey, 1939),

Platteville limestone, Wisconsin. This shows clear differentiation

of the two types of frills.

Z. percurvatum Foerste (1928) of the Platteville of Wisconsin

is intermediate in spacing and crenulation of the frills between Z.

clarkeanum and Z. jennemani.

Z. russclli of the Waynesville beds of the Richmond of Ohio

approaches Laphamoceras in the poor differentiation of primary

and secondary frills and the great reduction of crenulation.

Z. costahmi Teichert (1940) has prominent crenulations, but

the frills are closely spaced throughout. Except for the strongly

crenulated condition, the species is similar to Z. lentidilatatum.

It is from the Drummuck group, Girvan district, Scotland.

IV. Group of Laphainuccras.—The surface has lost crenula-

tions, and frills are short, simple, and very ,closely spaced. The

type of Foerste's genus Laphamoceras is very close to Z. russelli

but fails to show the faint crenulations of that species with which

it agrees in curvature, rapid expansion, and general aspect.

L. tenuistriatum Hall, Platteville limestone, Wisconsin.

L. schojieldi Foerste, Platteville limestone, Wisconsin.

The first species is very similar to Z. russelli, not only in aspect,

but in the rhythmic thickening of groups of frills over intervals of

the shell rather than the tliickening of individual widely separated

frills. The species, except for the lack of crenulations, is closest

to Z. lentidilatatimi Foerste of the Richmond.

The nomenclatorial expression of these groups is a matter

which is capable of more than one solution. If Laphamoceras

is to be recognized as a distinct genus, clearly it will be necessary

to propose a new generic name for the group of Zitteloceras bill-

ingsi, for that species group is much more sharply set off from

Zitteloceras, sensii stricto, than is Laphamoceras itself. As tend-

encies in taxonomy are toward the recognition of finer divisions,

this step may eventually be taken. However, at the present time
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it seems that the number of species is sufficiently small, that the

genus is far from unwieldy, and the relationships throughout

them are so evident, that subdivision of Zittcloceras will not

bring about the nomeuclatorial recognition of any important dis-

tinctions of morphological, genetic, or stratigraphic significance.

Zittcloceras has formerly been placed in the Ryticeratida, pro-

perly Rutoceratida, with ortho,choanitic or supposedly orthocho-

anitic frilled gyroceracones of the Devonian. Instead it is a

member of the complex radicle or secondarily cyrtochoanitic

cephalo^xjils which were derived from suborthochoanitic types

in pre-Chazyan time. Within such ,cephalopods three groups

were differentiated from the Chazyan onward, the Tripter-

oceratidiE, the Valcouroceratidge, and the Oncoceratidse. The

OncoceraticUe are compressed brevicones with empty more or less

cyrtochoanitic siphuncles. It is from this group that several

longiconiiC cyrtoconic types appear to have arisen. One such de-

velopment is that leading through Richardsonoceras to Oonaceras,

in whicli the segments of the siphuncle are rather broadly expand-

ed, though variation appears in latest Ordovician and Silurian

derivatives of this stock. Presumably a parallel development of

a cyrtoconic type with an open aperture, but with a simpler si-

phuncle outline, is found in Cyrtorizoceras. Typical Ordovician

Cyrtorhoceras develops costse on the shell surface and differs

from the group of Zittcloceras billingsi mainly in that the ridges of

the surface are not quite so strong, and the cross section of the

shell is compressed rather than depressed or, as sometimes is the

case in this particular group of species, circular.

KEY TO CINCINNATIAN SPECIES OF ZITTELOCERAS

A. Surface without true frills but with transverse annuli

B. Frills relatively distant, less than 15 in a length equal to

the shell diameter.

C. Crenulations prominent, shell small, very gently

curved throughout, hyponomic sinus narrow and

deep — - ,.—

-

,- Williams^



328 BxjLLETiN 116 410

CC. Crenulations obscure or wanting.

D. Shell rapidly expanding, frills distant, 4-5 in

5 mm., .crenulations wanting — -.. shideleri

DD. Shell slender, gently expanding, frills more

closely spaced, about 10 in 15 mm., crenula-

tions slight but present hitzi

BB. Frills very closely spaced, more than 15 in a length

equal to shell diameter, usually 20 or more.

E. Shell very slender, essentially gyroconic, section

circular, frills very short, crowded, and irregularly

crenulate lentidilatatum

EE. Shell rapidly expanding, cyrtoconic, section de-

pressed adorally with slight ventral keel. Frills

separated by spaces greater than their own length,

thickened in groups over shell in rhythmic inter-

vals producing an annulated aspect, but with only

vestigial crenulations russelli

Zitteloceras russelli Flower, n. sp. Plate 27, figs. 1-3

This species is known only from the type. The s'hell is cyrto-

conic, strongly curved adapically, straighter adorally. The type

expands in a ventral length of 76 mm. from 8 mm. to 25 mm. and

16 mm. The adoral part of the shell is vertically flattened by

pressure. In the undistorted basal portion the shell increases

from a circular section 8 mm. in diameter to a slightly depressed

section 18.5 mm. wide and 16 mm. high in a ventral length of 30

mm. Here venter and dorsum are equally rounded. Adorally

the venter becomes faintly keeled, and the dorsum is flattened,

producing a subtriangular section. The radius of curvature of

the venter is 22 mm. in the basal 30 mm. of the type, but increases

adorally to about 65 mm.
The suture at the base of the specimen is apparently straight

and transverse. Other sutures are not shown, and it is even un-

certain how much of the type represents the phragmocone, save

that the adoral 33 mm. at least pertain to the living chamber.
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The siphuncle lies close to the venter, but its structure has not

been observed.

The type preserves the shell over almost its entire length,

though in some regions the surface features are obscured by en-

crusting Bryozoa. Frills are developed, which are closely spaced

and are thickened rhythmically giving the shell an obscurely an-

nular appearance. Such thickenings, best shown in the middle

part of the type, involve the accentuation of frills over an interval

4 mm. long, separated by a region of weaker frills about 3 mm.
long. Adorally this is still continued but is less pronounced. The

frills are spaced about 10 in 5 mm. near the middle of the speci-

men and live or six in 5 mm. adorally. Evidently the frills are

very ,closely spaced at the base of the specimen but are so ob-

scured by Bryozoa that their spacing cannot be measured. The

frills show only the faintest trace of crenulation and are of such

a nature that they appear to be intermediate between those of

Laphamoccras and typical Zitteloceras. The frills are transverse

dorsally, slope sharply apicad toward the apex on the ventral

half, the slope being sharply accentuated to a hyponomic sinus

4 mm. wide basally and 5 mm. wide adorally.

Discussion.—This striking species may at once be recognized

on the basis of the character of the surface features. Further, it

is evidently larger than any other Zitteloceras thus far known in

the Cincinnatian. The strong apical curvature of the shell and the

adoral reduction of curvature are also distinctive. The species

on the basis of ornament is intermediate between the group of Z.

clarkeanum and Laphamoccras. From described species of both

groups it may be distinguished by the faintly subtriangular sec-

tion of the mature part of the shell which, though exaggerated in

the type by distortion, was apparently normally slightly developed.

No species of the group of Z. clarkeanum are known which

possess annular exteriors due to rhythmic thickening of the frills

in rather widely spaced groups. This appears, on the other hand

to be a feature hitherto known only in Laphamoccras tenuistri-

atum, genotype of Laphamoccras, which, according to Foerste's

excellent photographs, shows no trace of crenulations whatsoever.
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Z. russclli supplies the essential evidence of the intergradation

of Zittcloceras and Laphamoccras.

One other species is associated with Z. russelli in the Waynes-

ville, Z. williamsce, a small more gently curved species with dis-

tant crenulate frills, belonging clearly to the group of Z. hallianum.

The species may be readily distinguished by the very different

surface features.

Type.—Holotype, Univ. of Cincinnati Museum, No. 24272.

Occurrence.—From the trilobite shales of the lower Waynes-

ville, from Stony Run, south of Fort Ancient, Ohio. The type

and only known specimen was collected by Mr. Robert T. Russell.

Zitteloceras williamsze Flower, n. sp. Plate 2(3, figs. 7-9, 12

This is a small gently curved species of the group of Z. hall-

ianum. The type and only known specimen is a small shell 23 mm.

in length, expanding in 20 mm. from 4 mm. and 3 mm. at the base

in a length of 10 mm. and 6 mm. at the adoral end. The extreme

basal part of the shell is covered by Bryozoa but appears to term-

inate in a natural rather blunt apex. The type is compressed by

pressure in its present condition. Curvature is slight, the radius of

curvature of the venter being about 50 mm. Nothing is known of

the features of the phragmocone. The exterior of the specimen is

marked by strongly crenulate frills with only the faintest lines of

growth between. The frills are transverse over most of the cir-

cumference of the conch but form a narrow and rather deep and

conspicuous hyponomic sinus on the venter. Adorally this is

1.5 mm. wide and i mm. deep. The frills are spaced nine or ten

in a length of 10 mm. and do not appear to be more widely spaced

adorally than adapically.

Discussion.—This species may be readily distinguished from

Z. russelli with which it is associated by the very gentle curva-

ture of the shell as well as by the more widely spaced and more

strongly crenulate frills. In a portion of Z. russelli of equal

proportions the frills would lack all crenulations and would be

nearly twice as closely spaced. The species is allied to the group

of Z. hallianum. Z. hallianum itself is somewhat more curved, has
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slightly more distant frills, and a broader more rounded hypo-

nomic sinus. Z. bcloitcnsc has stroni^^er but less crenulate frills

and was in addition probably a much more slender shell. Z. liitci

has much more closely spaced frills with less strongly developed

crenulations.

Type.—Holotype, Univ. of Cincinnati Museum, No. 24274.

Occurence.—From the trilobite beds of the lower Waynesville,

from Clarkesville, Ohio. Collected and donated by Miss Carrie

Williams of Clarkesville, Ohio.

Zittcloccras Icntidilatatum Foerste, n. sp. Plate 26, figs. 13, 14

Revised description.—Shell strongly curved, very gradually

expanding. The species is known only from specimens compris-

ing parts of the last half whorl, but when complete was probably

gyroceraconic rather than cyrtoconic. The type has an actual

length of 98 mm., and a radius of curvature of the venter of from

40 mm. to 55 mm. The section in all specimens is somewhat dis-

torted but was probably originally either circular or very slightly

broader than high. The type increases vertically from 18 mm. at

the base to 22 mm. at the adoral end.

The sutures are ,closely spaced, unlobed, and oblique, sloping

orad from dorsum to venter. About eight camerae occur in a

length equal to an adoral shell height of 20 mm., and this rela-

tionship appears to be fairly uniform. The siphuncle has not been

observed. The septa are very flat.

The surface bears numerous closely spaced transverse frills.

These are spaced about i mm. apart though rather irregular in

occurrence. They are narrow elevated frills, very short, and

finely, irregularly and sometimes obscurely crenulate. There is

an obscure trace of rhythmic thickening of the frills at intervals

of about 6 mm. On the venter the frills slope slightly apicad to

form a broad and shallow hyponomic sinus which is never a very

conspicuous feature of the shell surface.

The living chamber is rather long, and probably is complete on

the paratype, where it is 60 mm. in length, and increases in height

from 19 mm. to 21 mm. This specimen, however, is immature,
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and it is possible that the length of the living chamber may be due

to the destruction of some adoral camerse of the phragmo,cone.

Discussion.-—The very slender form, strong curvature, and fine

low irregularly crenulate frills which are very close together serve

to distinguish this species from all others. It is most closely re-

lated to the group of Z. clarkcanum. Z. percurvatutn is close to

this species in general proportions but is more rapidly expanding

and has more distant frills and stronger differentiation between

primary and secondary frills. Z. russelli of the Waynesville is a

much more rapidly expanding species with crenulations which

are almost vestigial.

Types.—Holotype and paratype, collection of Dr. W. H. Shid-

eler.

Occurrence.—From the upper Whitewater beds. All of the

known specimens are from Dodge's Creek, near Oxford, Ohio.

Zitteloceras shidelcri Flower, n. sp. Plate 26, figs. 15, 16

This species is known only from two fragmentary specimens

from the lower Whitewater. The shell is gently curved, with a

radius for the ventral profile of about 6o mm., and expands in

lo mm. from 8 mm. to I2 mm., the section being circular. The

septum at the base of the living chamber which is the holotype is

straight and transverse. The frills of the surface are rather

widely spaced, seven occurring in the length of lo mm., and show

no finer markings between. The frills are not cr«nulate on the

dorsum, and only vestigial crenulations can be seen on the ventral

side. The hyponomic sinus is relatively narrow, deep, but dis-

tintly rounded at the center and U-shaped rather than V-shaped.

Apparently the living chamber described here is not from a

mature shell, as a phragmocone ly mm. long expanding from 6

mm. to 13 mm. appears to belong to this species. In this form

the camerse occur six in a length of 10 mm.
Types.—Holotype and paratype, collection of Dr. W. H. Shi-

deler, Miami University.

Occurrence.—Both of the known specimens are from the

Tetradium zone of the Saluda, the holotype is from Dodge's
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Creek, near Oxford, Ohio, the paratype from Hannah's Creek,

near Liberty, Indiana.

Zitteloccras perexpansum Foerste, n. sp. Plate 26, figs. 10, 11

The single representative of this species known is a portion of

a rapidly expanding exogastric cyrtoceracone, slightly broader in

section than high. The holotype is 26 mm. in length on the ven-

ter, the adoral 10 mm. representing a nearly complete living

chamber. The ventral profile has a radius of curvature of 40 mm.
The shell enlarges from 9.5 mm. at the base to 18 mm. in a basal

ventral length of 22 mm., the cross section being circular at both

points.

The sutures are straight and without any lobation. Near the

base of the type they are transverse to the shell axis, but farther

orad they slope forward from dorsum to venter, making an angle

of 15 degrees with a plane transverse to the shell axis. At a shell

diameter of 17.5 mm. four cameras occupy a length of 8.5 mm. on

the venter. The siphuncle is not shown.

The surface of the shell bears transverse narrow low annular

raised lines. Basally five occur in a length of 4.5 mm. ; adorally

five occur in 5 mm., and at the extreme adoral end the lines be-

come obscure after the appearance of a single very prominent

band. This is believed to be gerontic. As seen from the venter,

the lines curve apicad toward the venter so that they are convex

adorally and form a subangular V-shaped hyponomic sinus. The

curvature of the annuH occupies the entire ventral surface of the

shell, and the depth of the sinus is 2 mm.
Discussion.—This species belongs to the group of Zitteloccras

hillingsi and may be distinguished from species of other groups

by the annular character of the surface markings. The three

other members of this group are all more gradually curved, more

gently expanded, or 'both. Z. hillingsi is smaller, more slender,

and is faintly compressed in the later part of the shell. Z. sinxm-

tum is more slender, more curved, and has more distant and more

prominent annuli. Z. brevicurvatum is a much more slender and

a much more strongly curved species.
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Type.—Holotype, .collection of Dr. W. H. Shideler.

Occurrence.—From the lower Whitewater beds. Thus far the

species is known only from Little Four INlile Creek, near Oxford,

Ohio.

Zitteloceras hitzi (Foerste) Plate 26, figs. 1-6

Cyrtoceras hallianum Cornett, 1874, Indiana Geol. Surv., Kep. 6, p. 183;
Kin.Ue, lSt)8, Indiana Dep. Geol. Nat. Res., Ann. Rep. 22, p. 476;
Cuniings, 1907, Indiana Dep. Geol. Nat. Res., Ann. Rep. 32, p. 1028.

Cyrtoceras hitzi Foerste, 1910, Denison Univ. Bull. Sei. Lab., Jour., vol.

16, p. 78, pi. 1, figs. 7A-B; pi. 2, fig. 23A-C.

This is a small gently curved species, the largest known shell

attaining a length of 33 mm. and a shell diameter of 10 mm. The

section is circular. The shell expands gently. One hypotype

represents an apical portion. The tip is blunt, the shell assuming

a diameter of 2 mm., i mm. from the apex. In a ventral length

of 14 mm. the shell attains a height of 7 mm. and a width of 4 mm.
but is compressed by pressure. The radius of curvature of the

ventral profile is about 40 mm. Evidently the conch became

more slender and less curved farther orad as a hypotype repre-

senting a living chamber increases from 4 mm. to 8 mm. in a

length of 12 mm. and has a radius of curvature of at least 60 mm.
The features of the phragmocone are poorly known. The septum

is straight and transverse at a shell diameter of 4 mm. and is

shallow, nearly flat. The siphuncle is minute and close to the

venter.

Transverse frills mark the surface. From 12 to 15 occur in a

length of 5 mm. at a diameter of 4 mm. Adorally they are more

widely spaced, seven occuring in 5 mm., at the adoral end of the

first hypotype, while on the second seven also occur in a length

of 5 mm. at a shell diameter of 8 mm. The frills are short, sharp-

ly elevated, and very faintly crenulate. The hyponomic sinus is

narrow, less than one-third as wide as the entire shell, and is

faintly rounded.

Discussion.—This species is confined to the Hitz layer of the

Saluda at Madison, Indiana, and is evidently very rare there. The

species is one which is small and which becomes very gently

curved in the later part of the shell. It may be distinguished from
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the somewhat similar Z. ivilliamscc by the shorter and more closely

spaced frills ; further these frills are not so strongly crenulated

as in the Waynesville species. Of the three hypotypes available,

one is much larger and more complete than the holotype. Un-

fortunately, this shell is so encrusted with Dystacospongia that it

was hardly worth figuring, and inrleed its ornament was only

obsicurely preserved. The two additional hypotypes show ves-

tigial crenulation much better than did the holotype.

r3'/»<?.y.—Holotype, U. S. National Museum, No. 78816. Hy-

potypes, Univ. of Cincinnati Museum, No. 24273 and collection of

Dr. W. H. Shideler, one specimen.

Occurrence.—Known only from the Hitz bed in the uppermost

layers of the Saluda at Madison, Indiana.

FAMILY VALCOUROCERATID^ Flower, n. fam.

The V^alcouroceratidae are comprised of exogastric cyrtocera-

cones with ventral cyrtochoanitic siphuncles. In section they are

primitively compressed and subtriangular, and even when the

compressed condition is modified, the section is subtriangular,

with a flattened dorsum and a venter which is narrowly rounded

and sometimes acute. The family is differentiated from the Onco-

ceratidae by the presence ofactino.siphonate deposits within the

siphuncle. It comprises one of the three groups of secondarily

cyrtochoanitic cephalopods which were presumably developed

from suborthochoanitic stenosiphonate cephalopods not long be-

fore Chazyan time. It is closely allied to Oncoceratidae, being dis-

tinguished from it first by the development of actinosiphonate

deposits, and secondarily, by the marked tendency in the family

toward the broadening of the section of the shell. The Allumet-

toceratidse consist of primitively depressed nearly straight cepha-

lopods and are less closely allied. Superficially the anomalous

genus Diestoceras might be considered as similar to the Val-

couroceratidae in the development of actinosiphonate deposits in

a marginal ventral cyrtochoanitic siphuncle. However, as noted

elsewhere, (Flower, 1943, pp. 64-66) actinosiphonate structure
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is too broad a generalization and may have no genetic implications

within itself. The deposits of Diestoceras are discrete, irregular,

and quite unlike those of the Valcouroceratidse. Similarity of early

stages of Diestoceras with Valcouroceras suggest a relationship.

Yet Diestoceras and Danoceras, being essentially endogastric

shells, are properly placed in a distinct though probably allied

family, the Diestoceratidse. The early stages of the Valcourocera-

tidse, OncQceroidea, and Allumettoce ratidse all agree in showing

suborthochoanitic siphuncular segments, as observed in largely

undes,cribed Chazyan material. The Discosoroidea are apparently

quite distinct as an Ordovician group which shows no trace

of suborthochoanitic early stages, and therefore must represent

either as independent and possibly much older development of

cyrtochoanitic structure, or else a case in which ancestral stages

have not been retained in the ontogeny. That group is further dif-

ferentiated by the thickening of the connecting ring and the nature

of the deposits which develop within the siphuncle.

Although simple actinosiphonate deposits occur throughout the

Valcouroceratidae, the genera which constitute the family show

so much divergence in almost all other features that it is impos-

sible to present a succinct description which will be at the same

time sufficiently detailed to be useful and also reliable. The same

difficulty is encountered in the definition of the major divisions

of the Brachiopoda and is one which is to be expected in any

major genetic unit within which form deviation is rife. Relation-

ship within the family is based mainly on the intergradation of

genera, rather than on strict morphological uniformity. For this

reason, the relationships within the family are best explained by

tracing its evolution.

Development of the Valeouroceratidce.—The essential features

of the six genera here placed in the Valcouroceratidae are illus-

trated in text figure 14. The family makes its appearance nearly

contemporaneously in the Chazyan of the Champlain Valley and

that of the Mingan Islands, where it is represented by several

species of Valcouroceras Flower.



4id OlNCINNAflAN CePHALOPODS: FlOWER 33?

Mingonoceros

Figure 14. The principal genera of the Valcouroeeratidse and their re-

lationsliip. 1-3. Mingamoceras. 1, lateral view; 2, section from venter of

siphuncle cutting to different levels in dift'ercnt segments; 3, diagrammatic
cross section. Based upon Minijanocrras suhturbinaium (Billings) of the

Mingan formation. 4-12. Valcou-roccrofi. 4, lateral view of a typical

species; H-?, three successive sections showing the modification of the sec-

tion in the phragmocone of a large mature specimen ; 8, section shortly

beyond the base of the living chamber of the genotype; 9, cross section

near the aperture of genotype; 10, cross section of sipliunele sliowing sym-
metry of actinosiphonate lobes; 11, suliorthochoanitic stage of siphuncle,

found in early stages (a on fig. 4) ; 12, second stage of siphuncle, found
approximately in region b on fig. 4. 13. Mature segments of a typical

large species, found in region c as indicated on fig. 4., the only stage with
well-developed rays within the siphuncle. 14-18. Augustoceras. 14, lateral

and 15, ventral views of the internal mold of a typical form; 16, vertical
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section througli si2)liuncle; 17, mature cross soetion; 18, compressed cross

section, found only iii A. minor. 19-24. Kindleoceras. 19, lateral aspect

of K. eqidlaterale, the only species known to show a contracted aperture;

20, ventral view of a typical living chamber, from K. cumingsi; 21, sec-

tion througli siphuncle, showing actinosiphonate deposits; 22, cross sec-

tion of K. cumin.ffsi ; 23, cross section of K. equilaterale. Obliquity is

probably due to sliglit distortion; 24, projection of suture, from K. eqid-

laterale. 25-32. Manitoulinoccras. 25, lateral aspect of a typical form,
sliowing relative rapid ex)iansion and deep cameire of early portion, and
slender later portion with shallow eamerje; 2G-27, cross sections showing
range of variation from subtriangular to a simple depressed section; 28,

ventral view of living chamlaer, showing liypfinomic sinus; 29-30, projec-

tions of sutures, showing variation in development of a lobe on the venter;

31, typical siphuncle as seen in section; 32, section of a siphuncle retain-

ing actinosiplionate deposits. 33-34. Stauffcroceras. 33, lateral view; 34,

ventral view. Differs from Manitoulinoceraa in gibbosity and contracted
aperture. The deep camerte and the fairly rapid expansion of immature
Manitoulinoceras is retained throughout tlie early normal growth stage.

Minganoccras (text fig. 14: 1-3) is known only from M. sub-

turbinatiim (Billings) which insofar as the writer is aware, is

known only from a single specimen. The shell is a slender cyr-

tocone, broader than high, and with the venter more narrowly

rounded than the dorsum. The sutures are simple and transverse.

The siphuncle is broadly cyrtochoanitic and contains simple

actinosiphonate deposits. The section shown in fig. 14: 2, passes

nearly through the center of the siphuncle at its dorsal end, but

passes obliquely closer to the margin adapically, thereby showing

more clearly than would otherwise be possible the rays of the de-

posit.

Valcouroccras (fig. 14: 4-12) seems more complex, probably

because it is better known. The shell is more curved, and the liv-

ing chamber more gibbous. The sutures are usually oblique, slop-

ing strongly orad from dorsum to venter. The section varies in

the growth stages, being first a simple compressed section (5),

later becoming flattened on the dorsum (6), and then widened

(7). At or slightly orad of the base of the living chamber, the

subtriangular aspect of the cross section may be lost (8), though

the shell in such cases is generally compressed at the extreme

aperture (9).

Valcouroceras shows in the earliest growth stages compressed
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cyrtoconic shells with suborthochoanitic ventral siphuncles (fig.

14: 4, 5, 11). In the very earliest growth stages observed, it is

not alwa\s possible to identify the genus or even the family with

absolute certainty, as the condition is practically identical with

that found in commensurate portions of the associated Beloito-

ceras, Oncoceras, and Richardsonoceras. This strong similarity

of stages presents convincing evidence for a common origin of

the Oncoceratidre and the Yalcouroceratidee from suborthocho-

anitic exogastric cyrtoceracones which were probably a pre-

Chazyan but apparently a post-Beekmantown developments-

Later segments of I'alcouroccras show a gradual increase in

tlie degree to whicli the siphuncle is expanded within the camerae.

I'\nther, as might be expected, there is a direct connection within

any species between the growth stage of the siphuncle to be found

c'.t any point with the shell diameters at the point where a section

is taken for observation. This is die condition to be expected

within a species where ontogeny follows a normal tachygenetic

course. However, Valcoitroceros shows this correlation not only

\'.ithin specimens of a species, but also among the known species

which vary considerably in size. Thus spe,cies which are small

and in which shell growth stopped relatively early have only nar-

row segments as in fig. 14: 12, and fail to attain the broader

re'iments Vvhich are found only in the latter part of the phrag-

mocone of the larger species which underwent a longer onto-

genetic development. Further, there is in these Chazyan spe-

cies no fixed interval of the shell which may be called ephebic,

r.nd in which the structure of the siphuncle is uniform in outline

through any appreciable series of camera?, except possibl)- in the

latest growth stages of some of the largest species.

Precisely the same relationship holds for the development of

12 The snboitliochonnitic stanjos imilcate a coiiimou ori(]jin of the fani-

ilir.-3 Jiot very mucli earlier tlinn Cliazyan. Indirect stratiprrajihic evidence

in support oir tliis is found in our failure to recognize any nnc)'. ceplialopods

in tlie Canadian as yet. While this supportincr evidence is purely neoja-

tlve, it is at leost conviiiclnjj in view of the well-defined retention of early

suborthochoanitic st.ipjes in both the Oncoceratida^ and Valcouroceratidffi

in the Chazyan. Further, such stages are leas well developed in Middle

rnd T^'rrrr Ov.lovician represent at ivei-i of both groups and are in these

periods suppressed, partially or completely by tachygenesis.
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actinosiphonate deposits with reference to the shell regions, which

applies to the form of segments of the siphuncle. Early seg-

ments in tlie suborthoclioanitic stage lack all trace of organic de-

posits {ii^. 14: II j. I'iie connecting ring becomes tliicker, as it is

traced orad througii in,creasingly expanding segments, and at

lengtli a stage is reached in wiiich the thickened ring sends out

lobes or ra}S which bring them into the form category of actino-

siphonate structures (iig. 14: 10, 13). The form and significance

of these deposits have been discussed elsewhere for I'alcouroceras

with proper illustrations (Flower, 1943, pp. 40-43) and need not

be duplicated here.

Although I'alcouroceras appears from the above discussion to

be much more complex than Minyunoceras, this may be in part

because the genus is much better known. 1 regard it as the more

primitive of the two for two reasons. First, the broad cross sec-

tion of Mingarioceras is duplicated in the mature living chamber

of Valeouroceras, while in the early stages Valcouroceras has the

compressed section and simple siphuncle of the simpler and al-

most certainly more primitive Oncoceratidae. This, of course, im-

plies the assumption of tachygenesis, but aside from the fact that

tachygenesis fits these morphological features and offers a clear

interpretation of them, there is stratigraphic evidence. Secondly,

Valcouroceras is known from strata slightly older than those

containing Minganoeeras. Although mainly known from the

Ghplmrus pustulatus fauna of the Valcour limestone, which is

the equivalent of the beds carrying Minganoeeras, it is also devel-

oped in the middle Chazyan and possibly in the lower Chazyan.^^

The plasticity of the form of the segments of the siphuncle and

also of the development of actinosiphonate deposits is essentially

a primitive feature. Inasmuch as there is already some specializa-

13 One undescribed form is listed as lower Chazyan. This specimen is

labeled as the Chazyan of Valcour Island and is in the collections of the

New York State Museum. I regard the horizon as open to some question

in view of Eaymond 's demonstration that the Valcour Dock section of

Ruedernann (1906) originally regarded as lower Chazyan, is middle Chazyan
in age, a conclusion subsequently accepted by Ruedernann. This alteration

in correlation may also affect supposedly lower Chazyan beds in the nearby
V^ilcour Island section.
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tion in I'alco^iroceras itself, it is not surprising that the correla-

tion between tlie ontogenetic stage anil actual size, as measured in

terms of the height of the whorl, is not quite perfect, but de-

partures {nm\ tliis correlation are always slight, and there is a

significant absence of a long series of essentially uniform ephebic

camera? preceded by camene in which there is a rapid ontogen-

etic progression.

The next genus of the Valcouroceratidae, Augustoceras, is

more normal in its ontogenetic progression. The ontogenetic

progression in the siphuncle, b(jth in relation to the form of seg-

ments and tlie development of the deposits, is confined to such

very earl\' stages, and sucli small ones, that ontogeny of the out-

line (jf the segment has not been fully observed, and only rarely

is there eviden,ce of an adapical simplification of the actinosi-

phonate deposits. Instead, throughout most of the phragmocone

tlie actinosiphonate deposits are found in a series of uniform more

or less barrel-shaiied segments, which are relatively mucli nar-

rower than any of the segments of Valcoiiroceras which have ever

yielded vv-ell-developed deposits. However, segments not unlike

tlio^.e (>f . liii/ustoccras are found in r'alcouroceras between the

stages represented by subfigures 12 and 13 of text figure 14, but

they never have well-developed rays. In form Augustoceras

looks quite unlike J^alcouroccras. The shell is gently curved, but

is fusiform rather than gibbous ;interioily. The living chamber

is less strongly ijifiated near its base and much less strongly con-

tracted orad. Indeed, some living chambers in this genus may be

almost tubular. A further specialization is seen in the develop-

ment of a small hyponomic sinus, a feature absent in l)oth [''«/-

couroceras and Minganoceras. I'he cross section is subtriangu-

lar (figs. 14: 17-18) the first figure sliowing the condition in the

genotype, in which the whorl is as broad as high, while the second

shows tlic com[)ressed section in the smallest of the known species,

A. viiiwr. Tendencies toward compression of the section are

found in the earliest stages of .•/. shidclcri and .1. medium. The

deposits of the siphuncle are discussed more fully below in the
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description of the genus. Augiistoceras is as yet known only

from the Covington, being best developed in tlie Leipers but also

occurs hi the equivalent hairview. It is doubtfull}' developed in

tiie Ellen, and rather strangely, has not been recognized in the

Cynthiana or Catliys, which contains so many close relatives of

Leipers cephalopods oi other genera.

Kindleoccras and Alanitouliiiocerus show a further progression

toward the development oi shells which tend to be slender and es-

sentially tubular adorally instead of gibbous, and further agree in

that the ephebic segments of the siphun,cle are short, and so very

broad at the septal foramen that the convex connecting rings

cause much less relative expansion of the segment within the

camera than was the case in any of the earlier genera.

Kinaleoceras, which can be traced from the Cynthiana to the

RichmonLl, is a curved, or sometimes essentially straight shell of

strongly triangular section. P'igure 14: 19 is a lateral view of K.

equilaterale, tlie only species known to show any contraction of

the mature aperture. The cross section of this same species is

shown in figure 14 123 in contrast to the broader section of K.

cumingsi of figure 14:22. Figure 14:21 shows the form of the

segments of the siphuncle and the actinosiphonate deposits as

noted in K. cumingsi. The rays are shorter and more numerous

than in Augustoceras.

Manitoidinoceras agrees with Kindleoccras closely in the form

of the segments of the siphuncle, but in other respects is clearly

the result of an independent development. The shell in general

tends to remain more strongly curved. The aperture is open, the

section tends to become a depressed oval, and while the dorsum

is always somewhat more flattened than the venter, the shell is

never strongly triangular. (Figure 14:25-30.) A peculiar feature
,

is the tendency toward suppression of actinosiphonate structure,

in that actinosiphonate deposits have been observed only in two

specimens of the genus, indicating that it is not only delayed un-

til the approach of gerontism, a not uncommon feature in itself,

but that it is apparently confined to relatively early portions of the

phragmocone, and is never the universal structure that it is in

Augustoceras. Kindleoccras equilaterale shows somewhat simi-

lar though less strongly marked tendencies.
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Staufferoceras (figure 14:33, 3^) is like Manitoxilinoceras in

cross section but is gibbous adorally. It has the deep camerse and

rapid expansion noted in the early stages of typical Manitoulin-

occras, but lost adorally in typical species, though retained in

some others. Its internal structure is not known, and its position

in the Valcouroceratidse is therefore not definitely established. I

place it here tentatively on the basis of its strong affinities with

Manitouli.fioccras.

The actinosiplionate deposits of the family consist first of all

in a thickening of the connecting ring. From this arise processes

in each segment extending toward the center of the siphuncle.

These processes arise from a pronounced thickening of the ad-

apical end of the ring within the septal foramen, thin orad, and

also become shorter orad in each segment. Further details are

discussed under the genus Av.qiistoccros, as they have been ob-

served there more fully than anywhere else in the family. Indeed,

the genus has provided material for a more complete examination

of its siphuncle than any other actinosiphonate nautiloid up to

the present time.

Genus AUGUSTOCERAS Flower, n. fton.

GGiiofype.

—

Augiistoccras shidclcri FloAver, n. sp.

Conch a plenrler cxogastric cyrtoceracone somewhat fusiform

in vertical outline, subtriangular in cross section. Expansion is

rapid in the initial portion, gradual over the greater part of the

phragmocone. The shell then beconics faintly gibbous and may
contra.ct gradually to the aperture, or the adoral end of the living

chamber may he produced and essentially tubular. In section the

r-hell is ?trongl\' flattened dorsally and the venter is subangular so

that tlie section is subtriangular. The shell is as wide as high and

may be sligiitly depressed cphcbically. Only in the early stages

of one species, A. minor, is the primitively compressed condition

of Valcoiiroccras retained. The sutures arc rather closely spaced,

and they tend to slope orad frnm dorsum to venter, without, how-

ever, the development nf clear lateral lobes. Tlie siphuncle is close

to tlie venter. Owing to the obliquity of the septa close to the

venter, the septal foramen is very slightly compressed. The septal
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necks are short, recurved with free short brims. The connecting

ring expands abruptly from the brims, soon attaining the maxi-

mum width of the siphuncle. Thereafter the sides of tlie siph-

uncle may be subparallel, straight or forming segments sHghtly

concave in the middle, or faintly convex and approach each other

very gradually apicad. Near the adapical end of the segment the

siphuncle contracts rapidly so that the rings meet the adapical

septa with no real area of adnation. Deposits are simple ac-

tinosiphonate outgrowths of the connecting rings, and their mor-

phology is discussed in detail below.

The living chamber is slender, elongate, contracting slightly or

tubular to the aperture which is more strongly inclined orad from

dorsum to venter than is the plane of the last septum. Ventrally

the course of the aperture is modified by a slight hyponomic

sinus. The surface of the shell bears (inly fine transverse some-

times faintly rugose lines of growth which reflect the hyponomic

sinus throughout.

Discussion.—Augiistoceras is closely related to Valcoiiroccras,

from which it differs mainly in the relativel\- slender siphuncular

segments which are combined with actinosiphonate deposits. Both

features are nearly uniform throughout the greater part of the

phragmocone. Externally and also in gross internal features,

there are no very fundanicntal dififerences between the two gen-

era, although they are not strikingly similar in aspect, owim^ to the

fusiform rather than breviconic sha])c of .liKjnstoccras, the de-

velopment of a slight h}'ponomic sinus, and the broadening of the

cross section.

Wetherhyoccras Foerste, as noted under the discussion of that

genus, was described on the basis of a species which cannot be

recognized in the absence of the missing holot\]~ie, an<l which

might even prove to be unrecognizable if the holnt\pe is fouiKl.

Nevertheless it is clear thnt the materinl which Foerste had in

mind in describing Wetherhyoccras has all of tlie essential frn-

tures of .1uf!iistoceras. except that the living;' chamber was not

known, and is clearly to be considered congeneric with the species

included under this nev; name. ll\ conoidalc is essentiall}' an i.in-

known species, and, therefore, no other species can be placed
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with certainty in the genus of which it is the type. From the

point of view of clarification of the species, this is not so unfor-

tunate as it might at first appear. IV. conoidale and also August-

oceras (?) valland'Kjhami, both of which Foerste included in his

genus, are based upon such small fragments of phragmocones,

that specific identification is extremely difficult, and it would be

uncertain which of the four Leipers species, known from relative-

ly complete undistorted specimens, should properly be included

imder those names.

At the present time Auyustoccras is definitely known only from

the Leipers formation of southern Kentucky and Tennessee and

from the equivalent Fairview of Cincinnati. One small species

from the Southgate shales of the Eden is doubtfully placed in

Aug listoceras, but is so poorly preserved internally that its generic

position cannot be demonstrated, and I have included this form

only as Augustoceras (?), sp. The genus attains a prolific de-

velopment in the Leipers formation as exposed on the Cumber-

land River of Rowena, Kentuck\-. Here are found A. shideleri,

A. juediuui, A. commune, and A. minor. In the Fairmount of

Cincinnati, Cyrtoceras rallandighami is reported. I have repro-

duced the original figure and description of this species, which

cannot be recognized with certainty. Such material as is avail-

able for Augustoceras in the Fairmount is so fragmentary and so

poorly preserved internally, that specific identification is usually

impossible, and in only a very few specimens are the essential

features of Augustoceras demonstrable. The species rallandig-

hami is very poorly known, and the name has obviously served as

a receptacle for any small fragmentary cyrtoceracones from the

lower part of the Covington. It is uncertain whether the Cin-

cinnati specimens represent a species distinct from those of the

Leipers, or v^hether any, or possibly all of the .contemporaneous

Leipers species may have drifted occasionally into the Cincin-

nati region proper. The fragments do, however, suggest that

more than one species is present in the Fairmount of the Cincin-

nati region.

Angusfoceras is known at the present time only from these
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species of the Cincinnati-Nashville region. The boreal faunas

have yielded no material as yet showing the essential featiDCs of

the genus. Wcthcrbyoccras? contractuin Miller (1932, p. 287,

pi. 28, figure 3) may or may not be an Anynstoceras, a point

which can be determined only by an examination of the interior of

the siphuncle. Unforttmately the Bighorn formation whicli 3 ieM

-

ed this specimen is a very poor medium for the preservation of

siich morphological details. Miller reports that the segments of

the siphuncle are globular, a feature which is at variance with

Aiumstoccras and which suggests that the six?cies in question

may belong elsewhere.

Morphology of acfinosiphonate deposits.— {Te:>it figs. 15-17)

PI. 19, fig. 10; PI. 20, figs. 1-7. The deposits within the siph-

uncle of Augtistoceras consist first of all of a much thickened

connecting ring, from which there develops in each segment a

series of vertical tabulae which in cross section are more or less

clavate, tending to be rounded and stightly inflated at their tips.

These converge toward the center but always terminate without

meeting. Although in many sections the rays may appear to pnss

from segment to segment, they are actually discrete scgntcntal

structures, as are the connecting rings from which they arise. In

general the ra}'S are poorly differentiated from the thickening of

tlie connecting ring at the adapical end of the segment, essential-

ly within the septal foramen, and gradually become more dis-

tinct orad, being rather well separated from tlie main mass of the

thickened ring in outline. As they are traced farther oiad in

the segment, they tend to become shortened and terminate where

the adoral end of the ring is reached, at the tip of the septal neck.

Orad from this region will be found the massive adapical end of

the next adoral deposit, for it springs from the conncctiu'; ring

which extends within the septal neck to or nearly to its tip, This

relationship is shown clearly in the adoral end of the section on

Plate 20, figure 7, in the upper two of the romplcte scRin^'its

shown there and is better developed on the left than on t^ic riglit

side of the siphuncle. Plate 18, figure to shows the only section

so far observed which cuts the planes of rays on both sides of the

siphuncle.
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Figiuc" l.j. Block diagram of a :-un!;u!K'lr' of Aiu/usloceras. At tlic base,

pavt of the wall of the siphiiiiclc is sliov.-ii. Tliis is followcl by a region

'vvhich has been cut to a plane deep enough to i^asr, through the septal

foramen, but )iot deep euougli to pass tlirough tl)e actual cavity of the

eiphuncle, passing instead throug'u a }iortion of tlic greatly inllateii con-

r.ecting ring. Note the secondary fusion at this level of the originally

discrete segment deposits. Tlio middle section is taken approximately at

the middle of the sijtiumclc. On the left the plane of the section coin-

rides with tiie plane \vhicii is the axis of one of the rays, and here as in the

upper portion of Plato 20, figure 7, the discrete nature of the deposits is

apparent. On tlie riglit the section fails to coincide with jviane of a ray

and instead in'cn:ccts one railial ray which mcete it at an angle of about
£0 degrees. The uj'per longitudinal tcction is slightly obli(]uc, but nearer

the center than the first section shown at the base of the diagram. The
ray at the center of tl^e cross section at the top becomes longer adapically

and ,';o iisi.erseols tiic plane of tlic section at thi; ada)»ical end of the seg-

ment. No attempt is made to take into account additional couiplexitios

of the section due to the slightly clavate character of the rays.

Because the ra) s of the deposits are racHal, only one section,

that passing throu;^!i the planes wh.ich are axes of the ra}s on both

sides of the siphimclc, will show the simplest possible condition of

the rays in section. This rarely occurs unless a section is [jTound

('cliberatcly for such a purpose, and even then the plane will not

usually icut the axes of the rays on both sides of the siphuncle.
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Casually made sections, wliether natural or artificial, will usually

cut through a number of the radially converging ra3S. This

plicnon.icna is well 'shoAvn and also partially cxplaine<l b}- the ac-

compariung text tigure. Complications arise from the slight in-

flation of tlic tips of the ra_\ s. This increases the area of the tips,

and thercfoie. in.crcases the probability that a section will inter-

sect th.cm. Further, in. an_\- given section of a rav, the

part of tlie section which intersects the tip of a ray will shoA\'

a broader area of organic material than that v,hich cuts the nar-

rower stem of the ra\'. Because the intersection of a plane

along which the specimen is ground with the radialLy converging

ra^s, will vary in pattern much from one level to another, t!':e

aspect of sections or even of casual serial sectior.s may produce

the impression of a disorderly array of converging^ elements. Such

irregularities are shown in the three sketches of text figure i6.

Figure 16. Sketelies of serial sections of Auffustocras shideleri. The
three figures, A, B, and C, pai^s progressively tloscr to the center of the

siphunele.

The apj'earancc of the cross section varies with its position in

the segment. At the adapical end of the deposit, vvdthin the sep-

tal foramen, the organic deposit is massive and individual rays
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are net '••.ell developd. TMr:iire i6B shows sue?! a section in

^"l!ic.h a nietliyn ventral ra} llankcd by two smaller pair occupies

tiie \e'i!ter. Two more irrej,^ular rays are seen on the dorsum..

r'i;;ure i(')A is a section of the same si)ccimen taken sli;;htly fartli-

e'- (.trad in the siphunclc, sh(n\iny[ the better and more equal de-

velopment of the rays. Fartlier orad in the expanded part of the

siphunclc, .sections are more rc-^iilar radially. Such sections arc

illustrated in J 'late 20, lij,Mucs i, j. and .',. Fi<(ure 3 is one

tnl'en ch'; e to the septal fonmicn but actually at the point at which

t''e sciynient expands rapidly. This section is somcwiiat oblique,

t-ie l()\\-cr part, as oriented in our iigure, passinj,^ throu!:,^h the

nuire expanded region, the u{)per part beinr in the constricted

rc:jion at the se[>tal foramen.

Figure 17. Cror,'., seetiyns i>i' Aufjustoccrcus .slddclrri. A. ."lightly orad

of center of septal foraiiicii. B. Section nt septal foramen. Note niasive
deposit, in whicii the rays are poorly dift'ercntiateil but clcaier ventrally

li:t.n (lorBally.

No clear ontogenetic progression of the fle[>osits has been found

analogous to that noted in the development of arnmlosiphonate

deposits in the MiclielinoceratidtC, Pseudorthoccratidsc, and

Actinuceroidca. In those groups owing to the serial repetition of

alterable parts, the youngest adoral deposit shows the earliest

growth stage in the adoral part of the phragmocone, and as suc-

cessive deposits are traced apicad, older units are encountered

which show latc" growth, stages. As noted in other actinosi-

phonate deposits (Flower, lOd.v ^ilso 1939) the absence of such

an adoral region of growing deposits indicates that the actinosi-

phonate strmMurcs must have been formed rapidly throughout

the siphunclc. and in most instan,ces, this development seems to

have occurred relatively late in life and might even be considered

an early gerontic feature. Whether this is so in .liijiiisfoccras

it is impossible to say, for while abundant material was available

consisting of isolated phragmocones, specimens complete enough

.to .show whether they were immature were very limited. The
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almost universal occurrence of deposits throughout the series of

some 6o specimens suggests that maturity here may not be an es-

sential factor, for .certainly some of these fragmentary specimens

must have represented immature individuals. In no case was

there any clear adoral ontogenetic progression. A few sections

showed a faint trace of a thinning of the rays in the last two or

three cuiicra:-, but apparently no signihcant morphological varia-

tions occur there.

Adapically the deposits have been obscrvcl as thinning rapidl}-

when traced to the extreme apical poition of our specimens, and

at length a point is reached in which the rays are reduced, and

also the lining of the siphuncle, a thickening of tlie connecting

ring, is also reduced. This is shown in I'latc 20, figure 5. Evi-

dently, as in ]'aleouroceras, the earliest segments never develop

deposits. Later segments develop only a thickening of the p)i-

mary ring, an.d in the following three or four camcrK there can be

traced a g!a<hial development of rays, after v/hich the deposit is

uniform over tlic remaining part of tlie phragm.ocone, which is

the greater portion of it and the portion v/hicli is most commonl}-

observed.

AuguEtoceras Ehldelcri Flower, n. sp.

Plate IS, figs. 1-10; Plate 19, fig. 14; Plate 20, figs. 1-7

This is a iclativcly lar!;e species Vvhich when complete was a

cyrtoconc about 90 mm. in length. Curvatiu'e is slight, the radiu.s

of the ventral profile being about 50 mm. up to a point near the

base of the n.iature living chamber where ih.c shell Iieiglrt is 23

mm., becoming less curved and then resuming its nornial cuiv-

aturc to tliC aperture. The shell is slender, t'lc section is

ilattencd en th.c dorsum at the earlie5;t stage assignol to the spe-

cies with ceitainty. Tlie shell expands frur.'. ii nmi. to 10 mm.
and 19 mm. in a ventral length of 35 mm. avKl a dorsal length, of

:?.| mm. I'ardier orad the shell becomes more triangular in sec-

tion, the venter becoming faintly ang^ular, and the section becomes

slightly broader than high. The liolotvpe increases irom .Til mm.
and 19 mm. to 25 inm. and 2^) mm. in a ventral length of 36 mm,
and a dorsal length of 28 mm. in the length of the phragmocone,

and the living chamber in a ventral length of 35 mm. and a dorsal
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length of 22 mm. attains a height of 25 mm. and a wiiltli of 25 mm.
at the aperture.

The sutures are essentially straiglit though sloping- inoicasiiig

\y orad from dtHsiuu to venter as the aperture is a[)proac;ied. '1 he

carnerx occur nine in a lengtii equal to a shell width of 16 rnrn.,

decreasing to seven in a length equal to the width, a condition

v/hich obtains throughout the ephebic portion uf tlio phragnii.coiie

from a shell width of 18 mm. to tlie base of tlie living chamber

where shorter camerce ma}' ilevelop gerontically. Tlie sej^ita are

re.irl)- ll;it throughout the greater part oi the phragmucone but

become more curved in the later 5 nmi.

The siphuncle lies close to the venter through(nit the j-liravrmu-

cone. The segments arise as septal necks which are very short

and are recurved. Apicad, the segment enlarges rapidl) attain-

ing its maximum diameter in its adoral fourth. Apicad fiom

this the ring may be faintly convex over the middle two-thirds

of the segment, or it may bear a faint concavits' in the middle

of the segment. The segment contracts at the adaplcal end

somewhat more gradually than at the adoral end.

The siphuncle is occupied by actinosiphonate deposits which

arise from the connecting ring, from which they cannot be dis-

tinguished, and of which they are clearly a part. In .cross section

the rays of the actinosiphonate deposit show some variation in

number and arrangement. A cross section taken at or just orad

of the foramen shows characteristically a group of three to five

long slender rays springing from the ventral side, some or all of

v/hicli may display- clear axes. Laterally the rays, two or three

on a side, are more irregularly lobed, and on the dorsum the de-

posit is nearly solid, and only two sliort very irregular rays are

developed. At the middle of the segment, however, the rays an
all long and slender, and spring from a relatively slightly thick-

ened connecting ring.

In longitudinal sections, the aspect of the rays may vary de-

pending upon the direction and the depth of the section. A se.c

tion through the very middle of the siphuncle may pass through

rays or both the dorsum and on the venter, f/- that they appear as

a thick siphonal lining, the actinosiphonate nature of which is not
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evident from such a section alone. Tliey are thin at the septal

iijiaii.en, and in ; ome sections are ruit continuous from sej'inent

t.-i se!;nicj'it at lliia [joint. In other sections, not attainin:;- the cea-

ter, .se\cial ra) s aie cut. In sucii cases it can be seei\ that some,

l-articularly tiie lateral ones, arc the longest and thickest near the

adapical end of the se_!.;nient and hcctnne tliinner and shorter near

tlie adoral end. Onl}' rarely are the ra_\ s hifurcated or lobed, and

such variations of the simple structure are always ine;4ular both

in form and spacinj:;. ITie organization of tlie actinijsijihonate de-

posits is very similar to that of I'alcouroceras.

I'he surface of the shell hears transverse lines of growth. I'hese

swing apicad on tfie venter rnarldng the jjosition of a rather small

and shallow h}ponomic sinus.

Discussion.—This is tlie largest of the three species of .-linjust'

oct/os developed in tlie Leipers formation of southern Kentucky.

Iragments of trie early part of the shell, except for possibly the

very earliest growth stages, may liC distinguished from /I. mediinn

by the somewhat deeper camera^ and the much more rapid rate of

expansion of the shell.

Types.—Holotype and paratypes, Univ. of Cincinnati Museum,

Nos. 24290, 2^.291, 24292; Shideler Collection, paratypes.

Occitrrencc.—In the Leipers formation of the Cumberland

River, at Rowena and near Belk Island. The species is found

throughout the Tciradiuin reef layers and in the overlying pele,cy-

pod limestone but has not been noted in higher beds.

Augustoceras medium Flower, n. sp. Plate 19, figs. 11-13

Conch intermediate in size between A. conununc and A. sJii-

deJeri, very gently and uniformly curved, the radius of curvature

of the venter being 85 mm. throughout the shell. The holotype in-

creases in the basal 37 mm. of the phragmocone from 15 mm. in

height and 16 mm. in width to 24 mm. and 22 mm., and contracts

slowly toward the base of the living chamber to 21 mm. and 22

mm., .17 mm. be\ond tlie base as measured on t!ie venter, arnl .\o

rnrn. on tlie dorsum. The living chamber is incomplete l)ut lias a

lateral length of 23 mm. and contracts only very slightly toward

the aperture. The septa are flat, the sutures inclined orad from

dorsum to venter but without lateral lobes. The camerse are rel-
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atively deep, seven occurring in the adoral 22 mm. equal to the

r'.'ioial sliell lici.t;"ht theie. The siphuncle is close to the venter and

typical of the j^enus.

ITie jburface l)ears the usual lines of "rowth and in addition is

faintl}' undulate.

Discussion.—Id lis species approaches A. shidcleri in size hut is

more gihbous over the adoral part of the pln-agmocone. The cam-

eroe resemble those (Ji .1. shidclcit in depth, but the phragmocone

does not expand rapidly, and the dorsum is not so C(jnspicuously

flattened.

The species is much larger than A. commune hut resembles

that species rather tlian A. shideleri in general shape.

Type.—Holotype, Univ. of Cincinnati Museum, No. 24284.

Occwrrciice.—From the TctraiHiini la} ers and overlying pelecy-

pod bed of the Leipers at Rowena, Kentucky.

Augustoceias cuminuiie Flower, n. sp. Plate 8, figs. 11-13; Plate ID, figs. 1-4

Conch slender, moderate in size, faintly gibbous over the lower

pait of the living chamber and the upper part of the phragmocone.

The radius of curvature of the venter is about 75 mm. adapically,

decreasing to 40 mm. over the gibbous region, and increasing

t(nvard the aperture. The section is faintly subtriangular, the

dorsum being slightly flattened, and the venter ver}' obscurely

subangular. The holotype, a remarkedly well-preserved speci-

men, increases from 13 mm. and 13 mm. to 19 mm. in height and

20 mm. in width in a ventral length of 33 mm. and a dorsal

lengtli of 25 mm. and then decreases in a ventral length of 23 mm.
and a dorsal length of 2;^ mm. to a height of 19 mm. and a width

of 19 mm. at the incomplete aperture. A complete living cham-

ber 24 mm. long on the venter and 19 mm. long on the dorsum

has a basal width of 21 mm. and a height of 20 mm. and decreases

adorally to 20 mm. and 18 mm. This specimen is probably very

slightly flattened vertically by pressure.

I'he rate of expansion of the phragmocone is 5 or 6 mm. in a

length of 20 mm. The camerse are spaced nine in a length equal

to a shell height of 15 mm., though this seems to vary somewhat

among individuals, there being only seven in such a length on tlie

holotype, and other specimens showing intermediate conditions.
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T'.c ;'.c;jtuni is relatively llat. The siphuiicle lies close to the ven-

toi' :u.>[ i:^ t)'pic:il of tlie i^envis in i'orni and in internal structure.

No difi'crcnces ha^'e lieeri found within the sij;hun«:le wh.icli will

serve to distinguish this from associated species of . Iiii/nstci-cyas.

'i'iie surface hears fine lines uf gr(;\vtli and rr.ay he ohscurely

Lindn'.late. (Jn trie venter a slight hyponornic sinus is develoiicd,

bi!t t'li;; is ne\er strorii; or .conspicuous.

Dtscussion.—'id'.is is t!ie most abiunlant A!i.iii'.stocrrc;s, and in-

deed, tlic rncst abundant ceplialopod in th.c F.eipers at JluW;."na,

jv-Cntncky. Ah'St (jf the s[)eciniC!is consist >>t small p!;rti>ir:s of

the phra!^rnoc(.ne and living chamhe-s are relalivcl;, rave. 'Hu:

form is a slightly varial)le one but ma}' be distinguished from its

associates by the size attained by th.e mature shell. TliC eai"lv

portiiiu of the phragariocune ma\' be distlrig-iiihhedi fiorii lliat of . .(.

minor by its sliglitly more rapid expansion and broader section.

A. shidcJcri is more rapidly expanding in the early stages and has

deeper cameric, bec(jmes much larger and is nearh, tiihtdar cv:r

the middle portion instead of gibbous.

7>/'d\?.—Holot>T,e,.collection of Dr. W. 11. .Sln'deler. I'aratypcs,

Univ. of Cincinnati Museum, Nos. 242S3-5.

Occurrence.-— Vrcmi the Cumberland Kivcr at Ri'V/ena. ITcri-

tucicy, .and at Eelk Jsland. Tlic sjH'cies is ::hund.;,r,t in tlje

Tefrciiiiitn! reef la)-cis and occurs more spaiingly in the overly-

ing i">'lec}'pod limestone.

^Higustoceras minor Flower, n. sp. Plate 19, figs. 5, 6

This is the smallest and most slerider of t're species of . l.ii'ust-

oceras so far noted in the I.eipers formation, 'ih.e hojot.i.ir, il>;i

most complete specimen, 'nas a length of 65 mm. in which lIic ra-

dius of curvature of the venter decreases from 05 li^iii. i:' i'-*"

basal two-thirds, to about 55 mm. (;ver the living; clianil/Ci. 'J"he

section is slightly higiier tlian wide in the l^asal i)Orti(jn and runnd-

ed, the dorsuni not Ijeing more llattcned than tlie \eritcr. Jt it. O-'

inm. liig'h and 87 nun. wide. In the length of tlie ],i!i: a;;"i.r>A~or.c,

30 nun. on the veJiter and 20 mm. on ihc tuirsum, t'le licigiit ::rul

v/idtli are eciual, being 27 mm. and tlie (iorsum has liCCiniie sli'dit-

ly flattened, though the venter never attains the sabarig-nlar cOi-hh-

tion of Other species of the genus. The living chamber, much
weathered on the venter, appears to have a dorsal length of 17
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mm. Laterall}' the aperture can be seen 20 mm. from the base of

the hving chamber on one siile and the ventral lengtli was prob-

ably 28 or 30 mm.
The sutures are straight, nearly normal to the axis of the

shell near tlie ba.-e but strongly inclined orad from dorsum to

venter at the base of the living chamber. The camera are well

preserved only at the base of tlie specimen where tlie sutures are

straight, nine camera? occur in a length equal to an adoral shell

width of 13 mm., and the siplumcle is exposed by weathering and

is typical of the genus in the form of the segments and in the de-

veloy^ment of the actinosiiihonate deposits.

Discitssio)i.—Although this species is represented by scant and

rather poorly preserved n^aterial, it is unquestionably distinctive

in its very slender form, the small size of the mature living cham-

ber, as well as in the more generalized condition of the mature

cross section and the faintl;. compressed condition of the early

cross section. In association with the other three species, which

together dominate the lower part of the Leipers in southern Ken-

tucky to sucli an extent tliat two da_\s collecting yielded over a

hundred specimens, only four representatives of this

form can ])e recognized definitel}'. The shell was apparently ex-

ceedingly fragile, as most specimens are either crushed or, as in

the case of the type, have kjst parts of the shell by breakage or so-

lution.

Types.—Univ. of Cincinnati Museum, holotype, No. 24287.

Parat3'pes, Nos. 24288-24289.

Occurrence.—From the Leipers formation of the Cuml)erland

River of southern Kentucky at Rowena, and from the Painted

Cliffs at the south side of the river near the head of Belk Island,

near Horseshoe Bottom.

Augustoceras (?) vallandighami (Miller) Plate 28, fig. 9

('i/rtnccra.<t vnllandijihami S. A. Miller, 1S74, Ciiieinn.ati Soc. Nat.
HcL, vol. 1, p. 2;{2, fig. 2:!; James, 1886, {par.^), Oinpinuati Soc. Nat.
Hist., Joiir., vol. 8, p. 245; Ulricli, lS8(i, Cat. Foss. C'iiieiiinati Group,
(aiM-iiniati, ]). 22; Harper ami Enssler, 1890, Cat. Foss. of tlie Trenton
and Cineinnati Periods, Cineinnali, p. 27; Nickles, 1902, Cincinnati
8()c. Nat. Hist., Jour., vol. 20, ].. 81; Bassler, 1915, U. S. Nat. Mas.,
Bull. 92, vol. 1, p. 357; Miller, 1889, North American aeol., Pal.,

p. 435, tig. 730.



356 Bulletin llfi 438

Wetherhyoceras vallandigliami Foerste, 1932, Denisou Univ. Bull., Sei.

Lab., Jour., vol. 27, pi. 31, lig. 5A-B; Foerste, 1933, ibid., vol. '2S, p. 8().

This species, like Wetherbyoceras conoidale, is valid, but the

original description and illustration are inadequate for its

recognition. The species cannot be recognized and its generic

position cannot be made certain without a restudy of the holotype,

which cannot be located.

Original description.—^Sliell rather strongly curved. Section nearly cir-

cular, the dorso-ventral diameter a little longer tliau the lateral, oeeasioneii

by an oval prolongation for the siphuncle on the dorsal margin.
Surface smooth as far as observed. Sipliuncle small and in contact with

the shell on the dorsal side.

The specimen figured has 19 septa; length in a direct line on the dorsal

side, 55/60 inch ; ventral side 32 /oO inch ; diameter, large end, from ven-

tral to dorsal side 31/60 inch; small end, 10 /60 inch; length of sepia on
the dorsal side, at large end, 4/60 inch ; small end 2 ,/60 inch.

The chamber of habitation has been broken from the large end, and has
not been observed in other specimens.

The specific name is given in honor of Mi'. George Vallandigham, of Cin-

cinnati, an active collector, who found tlie specimen neai- the top of the hilla

at Cincinnati. Other collectors have found fiagments and inferior speci-

mens, but it may be regarded as an extremely rare species.

The precise horizon of this species is very uncertain, although

it is customarily included in the list of species .characteristic of

the Fairmount beds. Fragmentary shells of the general aspect

of this species in the collection of the University of Cincinnati

Museum are largely without accurate horizon data and usually

without good locality data. All of the fragments which have been

available for the present study have been exceedingly small. In

most instances the morphological features for the recognition of

the genus Augiistoceras have been lacking. As it is not even

certain that these all represent one species, they are described be-

low as Augiistoceras (?), sp.

Type.—Location of holotype unknown.

Occurrence.—The holotype is from "the top of the hills at Cin-

cinnati" which has been interpreted as Fairmount.

Auerustoceras (?), sp. (1) Plate 25, figs. 4-7, 10

Specimens formerly identified as Cyrtoceras vallandighami,

which were available for the present study, are too fragmentary

and often too distorted to be identified with certainty. Five of

the more characteristic and best preserved specimens are illustrat-

ed here, but all are too poor for specific and often generic deter-
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mination. The original of figures 4, 5, Univ. of Cincinnati, No.

17164, from the Ayres Collection of the University of Cincinnati,

is the least distorted of these specimens but as can be seen has

slightly deeper canierse than indicated in the original figure of

vaUandighami The shell is scarcely curvec' and increases from

8 mm. and 8 mm. to a height of 15 mm. and a width of 17 mm.
in a length of 17 mm. The eight camene have sutures which are

essentially straight, sloping slightl\' orad from dorsum to venter.

The specimen is an internal mold showing clearly the molds of

cameral deposits. No trace of the siphuncle remains, and the

generic position is therefore uncertain. Tn aspect the species

suggests only AiKjustoceras.

The originals of Plate 25, figures 6, 7 are two of four specimens

from the collection of S. A. Miller determined in the author's

hand writing as his species C. vallandigJiami. Roth specimens,

liere illustrated natural size, are crushed laterally and show no

trace of the siphuncle. The third specimen from the same suite,

wliich was less crushed, was sectioned, and it yielded traces of a

badly distorted siplnmcle. No actinosiphonate deposits were

found, but the shape of the segments is not inconsistent with

the genus Augustoceras. These specimens are No. 10376 in the

University of Cincinnati Museum. They are labeled "Cincinnati,

Ohio," with no statement as to horizon. One additional spec-

men, not illustrated, is a tiny fragment of a shell somewhat com-

pressed, increasing from 4 mm. and 4 mm. to 10 mm. and 1 1 mm.
in II mm. and containing eight camerse. The sutures are simple

and curvature is barely apparent. The section shows the sub-

triangular form of Augustoceras at the adoral end of the speci-

men, and the siphuncle, which is close to the margin, yields

simple actinosiphonate deposits. The specimen, Univ. of Cin-

cinnati, No. 24296, is labeled "Lorraine group, Cincinnati, Ohio."

It is of interest as the only one of these specimens which definite-

ly shows the actinosiphonate structure which is the only sure

means of recognizing such small fragments of phragmocones as

Augustoceras.
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Augustoceras (?), sp. (2) Plate 25, figs. 1-3

Shell slightly curved, section subtriangular, slightly com-

pressed, evidently by pressure, but with the venter more narrowly

rounded than the dorsum. The shell increases from 4 mm. and 4
mm. at the base to 10.5 mm. and 9.8 mm. at the adoral end. The

13 camerse are subequal in length. The sutures slope slightly

orad from the dorsum to venter. Upon being sectioned, however,

it was found that the interior of the shell was destroyed by pres-

sure, and all that remained of the siphuncle was a few obscure

traces of slightly recurved septal necks.

Discussion.—This form is clearly more slender, less curved

than those discussed above, and also has deeper ,camer£e. While

clearly representing another species in the Cincinnati area, quite

distinct from the one or ones formerly included under vallandig-

hami, this fragment is inadequate to serve as a type. It fails to

show any very close resemblance to the original figures of

Wetherhyoceras conoidale.

Figured specimen.—University of Cincinnati Museum, No.

1 7163, from the S. A. Miller collection, in which the specimen

was determined as "Cyrtoceras conoidale."

Occurrence.—"Ma^sville, Cincinnati, Ohio." Precise horizon

and locality unknown.

Augustocera.s (?), s,p. (3) Plate 5, figs. 12, 13

In the collections of the University of Cincinnati Museum there

are four specimens of poorly preserved small cyrtocones of the

general aspect of phragmocones of Augustoceras, but which are

so poorly preserved that their taxonomic position cannot be as-

certained with certainty. Two of these specimens are figured.

One consists of a laterally flattened shell increasing in height from

9 mm. to 17 mm. in a ventral length of 23 mm. and a dorsal

length of 19 mm. consisting of 11 camerse. The siphuncle is not

preserved. A second shell is flattened along the axis of the conch

and may retain the cross section only slightly distorted. The

shell is 14 mm. wide and 13 mm. high, the dorsum flattened, the

venter narrowly rounded. Five camerse occupy 11 mm. on the

venter. Again the siphuncle is not preserved. The section is so
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broad that the species is evidently either Augustoceras, vv^hich it

resembles very closely, or some genus as yet not recognized by

other material in the Covington. Two additional specimens are

even smaller and more poorly preserved fragments and are not

figured.

Discussion.-—While it is not possible to prove that this form is

even an Augustoceras on one hand, it is impossible on the other

to distinguish it from fragments of Augustoceras under somewhat

similar conditions of preservation in the Leipers. Therefore, I

refer the form to this genus. The specimens fail to give any clear

conception of the characters of the species, or indeed, of whether

this species is distinct from those of the Leipers, though judging

from the restricted range, particularly of cyrtoceraconi,c cephalo-

pods, this Vv'ill probably prove to be the case should this rare form

be made known from better material.

Figured specimens.—AJxx'wtv^'xty of Cincinnati, No. 17167.

Four specimens are included under this number, only two of

which are figured.

Occurrence.—Southgate formation, Eden. Hillside Flats,

Cincinnati, Ohio. From the .collection of Charles L. Faber.

Genus WETHERBYOCERAS Foerste

Genotype.—Cyrtoccras conoidale Wetherby.

Wetherbyoceras Foerste, 1926, DiMiison Univ. Bull., Sci. Lab., Jour., vol.

21, pp. ^23-325, pi. 43, fig. 4 ; Foergtc, 1933, Denison Univ. Bull., Sci.

Lab., Jour., vol. 28, p. 85.

Although Foerste made it clear in his description that

he based it upon certain specimens in the U. S. National Mus-
eum which he considered to be Cyrtoceras conoidale, he desig-

nated that species as the genotype. Under the rules of zoological

nomenclature that designation must stand, and knowledge of

Wetherbyoceras, therefore, de[)ends upon knowledge of IVether-

byoceras conoidale. Unfortunately there is such a wide discrep-

ancy between Foerste's photographs and the original figures of

W. conoidcde as to raise grave doubts as to wJiether the specimen

which Foerste figured under that name can be [>roperly included

in that species. The matter can be determined only by an ex-

amination of the original t\-pes of the species, and tliese cannot be
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located and indeed, are believed to be permanently lost. (Foerste,

faie lift. )

.

Until the t3pe of U'cthcrbyoccras conoidale has been restudied,

Wethcrbyoceras cannot be regarded as possessing the characters

which, were attributed to it by Foreste. All that is known of the

genotype at present is that it is a small cyrtocone, only the phrag-

mocone of which is known, with very shallow cameras and a

ventral siphuncle of unknown structure. From all that is known

to the contrary, the species might be based upon a phragmocone

Ijelonging to none of several previously described genera, On-

coceras, Beloitoceras, and Loganoceras, to cite only a few of the

more obvious possibilities.

Further, the genotype cannot be recognized with certainty un-

til its holotype can be located and studied, and consequently it is

not possible to compare this inadequately known species with

tliose which are possibly related and which are described in this

work. There is little doubt but that, were the holotype available

and properly preserved, Wetherhyoceras would be found to

have essentially the scope of Augustoceras, and \V. conoidale

would quite probably be found to be identical with one of the spe-

cies described within that genus.

Since the genot\'pe is so poorly known that it cannot be com-

pared with other species properly, and indeed, so poorly known

that the essential structural features of the genus are uncertain,

no other si)ecies than the genotype can be assigned to W^ethcrby-

oceras with certainty, and it is not even certain whether the genus

is valid.

Wetherhyoceras conoidale (Wctherby) Plate 27, figs. 8, 11

Cyrioceras conoidale Wctberby, ISSl, Ciiicinnnti Soe. Nat. Hist., Jou:.,

vol. 4, pp. 78-79, pi. 2, fig. 6, 6a.

Cnrtoccras rnllandighami J;imes, 1886, Cincinnati Soc. Nat. Hist., vol.

'8, p. 245.

(.'. cona'xhilr Harjior r.iul Bassler, 1896. Cat. Fossilr. of Vwv Trcuton ;ni.l

Cincinnati Pci'iods, Cincinnati, p. 27; Nickles, 1902, Cincinnati fSof,

Nat. Hist., Jour., vol. 20, p. 81; Basylor, 1915, U. S. Nat. Mns., Bui!.

92, vol. 1, p. 350.

Weihcrhiioccra^s conoidnlf Foerste, 1926, Denison Univ. Bull., Sci. L:ib.,

Jour., vol. 21, pp. 32.3-:;'.25.

Origival def^cripiinn.— Shell very rapidly tapering, consisting of numer-
ous short sejita, of equal length. The specimens wliich I regarcl as typical,
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fig. 6a, PI. 11., have a comparatively slight curvature. There are seven-

teen septa in a length of one inch. The siphuncle \!i small and dorsal.

The .«hell seen!,s to have been cxceptionully fragile as all specimens which I

have scon. p>:c"pt one from the Tennessee locality, are very much distorted

by pressure.

IlemarL.s.—1 ccilectcd this fossil on August, 1877, at
'

' Mt. Parnassus,"
Columbia, Maury County, Tennessee; in 1879, at McKinney 's station on

the tS. S. R. Ja., Bny'e county, Kentucky; and liave since received it from
my friend, Mr. W. M. Linney, of Harrodsbuig, Kentucky who collected it

in (iarrard county. At Columbia it was associated with SfeUipora au-

ihrloidra. O. lifiir, and ('rnnia .•cahlnf.n, on the ohl redoubt excavation of
" Mt. Parnassus; " at McKinney 's, 1 collected it with Sircptorhynchus fili-

fexius, FlilocUclya hiUi. Alurchisonia hrUicindu, and undetermined corals,

e-\-ideiitly belonging to the Cincinnati group. At the Garrard county lo-

crjlity, it occurs with P. hilll. and a Bhynchonella, probably a variety of E.

capay. It has been confounded with the C. vallandigJuimi, S. A. Miller,

from which it is entirely distinct. The body chamber being wanting in

all the specimens, the diameter cannot be determined. I regard the speci-

men, tig. G, PI. II., as a different species, and nearly allied to C. vallandig-

homi, S. A. Miller.

Discussion.—I'nfortunatel}' the types of this species cannot be

located, and it is ti^reatl}' to 1)C feared that they have been irretriev-

ably lost. VN'ithont recourse to them it is not possible to recognize

this species witli certaint}'. The description, cjuoted above, is

couched i)i terms too general to be of much practical importance

in present day usage of specific distinction based upon shell pro-

|)ortions, and from the original illustrations it is probable that

both of the specimens figured in connection with the original de-

scription were somewhat crushed. The shell is a cyrtoceracone

with shallow camerse, a rather rapid rate of expansion, and the

two figured specimens vary so much in curvature that Wetherby

was probably correct in regarding them as representatives of two

different species. The "dorsal" siphuncle was clearly ventral.

Nothing is known of the structure of the siphiirtcle and it is not

certain that C. conoidaJe possesses the actinosiphonate structure

Foerste considered an essential feature of the genus IVeth-

crbyoccras upon which he based this species.

James ( iSSG'! cnnsidcriMl this species a synonjm of the earlier

recognized s[iecics, Cyrtoceras vallandighami. The original illus-

tration of C. vaUaru^iahami shows a shell which is more rapidly

curved an'-l possibl;- more rapidly expanded than Wetherby 's

figure 6,1, the holotxpe, to the exclusion of the original of his

figure 6. wliich lie considci;ed as more closely allied to C. rai-
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landighaini. The species are almost certainly distinct, but

the types cannot be located, and it has been found to be impossi-

ble to determine wliat the features of the species are on the

basis of the original descri]:)tions and figures.

\V. conoidale is from tlie Leipers of Tennessee and Kentucky,

but no authentic records exist of the species in the Cincinnati

area. Bassler (1915) listed the species as Leipers. Nickles

(1902) listed it as Fairmount, but it is uncertain that any speci-

mens have ever been identified as this form from the true Fair-

mount of the Cincinnati region. Such specimens v/hich resemble

CMioidalc superficially in the collections of the University of Cin-

cinnati Museum, are labeled "Cincinnati, Hudson River Group,"

for the most part. Tlie horizon is not precise, and the term Cin-

cinnati has a most elastic meaning, particularly v^hen found on

labels from old collections.

Wetherby's list of associated species requires some explanation,

and there is some room for douljt as to the correct interpretation

of some of his faunal data. The Columbia County locality could

represent a fauna of either Cathys or Leipers age. One of the

species Sfcllipora anthcloidca is listed by Bassler as Mi'ldle Or-

dovician but is probably a misidentification and may have been

based upon another species and. genus.

Plafysfrophia pondcrosa (= 0. lynx of authors) appears in the

upper Leipers but is present though rare in the lower part, and an

allied species from the Cathys might have served as the basis for

Wetherby's determination. The presence of Escharopora hilli

(Pfilodictya hiUi of ^^etherb\•) is indicative of the Leipers age of

tlie strata at the Boyle County locality. Tlie Murcliisoiiin is a

Cycloneiua. The EscJwropora determines the Leipers age of the

Garrard Count} locality. Unfortunately it is not even certain

from which localities the original of Wetherby's figure 6a was de-

rived.

The species is a valid one but one which cannot be rccogni/e'l

without recourse to the type. It is to loe feared that the t\pe is

too incomplete to serve as a good basis for a species. Among
cyrtoceracones which would probably be found to embrace C.

conoidale and C. vallandighami. there are several closely allied

species which ,can be distinguished only with difficulty on the has-
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is of such fragmentary material as is represented b\ W'etherby's

type of conoidale and Miller's ty[)c of vaUaiid'uihaini. Somewhat

similar specimens in the cf)Ilccti(>n of the L'niversit}' of Cincinnati

Museum I have preferred to identify in terms of .Inr/usfoccras,

sp. The section and rate of ex[)ansion are the most diagnostic

special features of these c}rtoconic cephalopods, and distortetl

specimens cannot therefore be identified with certainty.

Genu:-, KINDLEOCEUAS Foei-.-to

Genotype.—Kindlcoceras rcversatum Foeiste.

Ei:>cJ'(ocrras Focrste, 19-4, <J;uKi(ia Gcol. Kii.rv., Mem. l:'>8, pp. 220, 227.

Shell strongly triangular in section, the \ enter angled, the dor-

sum strongly flattened, and with the sides forming fairly well-de-

fined angles. The shell is slender, gradually expanding t(_) the

a[)crture, thougii often tubular or ncarl\- so in the later stages of

growth.. The sutures are inclined orad from dorsum to venter.

On the dorsal face a broad lol^e is interrupted in the center by a

l(jw but well-dehned median saddle in some species. The lateral

faces ai-e without distinct lobes, but the sutures rise obliquely

from the lateral angles to the ventral angle. Hie siphuncle lies

.close to the venter and is composed of expanded segments con-

taining actinosiphonate deposits. The aperture and lines of growth

show a w"ell-developed hyponomic sinus on the venter ar,d form a

broad lovv' sinus over the dors.rl f.'ice- The living chamber is

short, nearl} tul)ular l)asall\-, Ijut in at least K. cjuilalcialc, con-

t-acts sharply at the mature aperture.

Discifssion.—In form this genus is best describedi as tlu- inver-

sion (^f sucli a t_\pe :v.' Tripferoccras, in which the venter is flat

and the dorsum angled. In actual genetic relationship tliis irenus

is a development from , luaiisfoccras, which is .cyrtoconic and still

somewhat breviconic, and through that genus from I'alcoiiy-

occras. a more gibbous lireviconic cyrtoceracone the section of

which is less obviously triangular. 'I'he development of a more

slender fo'"m and a nuire triangular section, seen in the transition

from Valcouroccras to . lii;/iistoccras, is carried much farther in

KiiU'Ieoceros, so much so, that only the structure of the siphuncle

remains to show its relationslii{i. Some species fail to show curv-

ature of the sliell and appear to be essentially straight. All of the
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Richmond species described below are clearly cyrtoconic, al-

though the single C}nthiana species is straight, judging from the

adoral portion of the shell, the only part observed.

Outside of the Cincinnati region Kimileoceras is known from

K. rererscihun ;ind A', trianijularc (Focrstc, 1924) both from the

I\Icafoid of siiuthern Ontario. This horizon has been correlated

with the Waynesville. Curiously, all Richmond Kindleoccras of

the Cincinnati area occur in considerably higher strata, in the

Whitewater and Saluda. The Cincinnati species may be recog-

nized by the following key,

i\V.\ TU OiNClN.N'ATtAN .SPKClliK Ol'' KINDLLOCERAS

1. Section with t'ne faces loinuie-l, obscurely s\ib1:r!uu;;ul:i" ?.

bectir;!! Rtroi-!;.',]v trimigular, fnocs scnict'ly com ox rui'l Rtrougly rounded

fit the veritinl kocl Mini dorHo-l;itc!;\l angles 3

". h'hol) orthccouic. sp<'t;ion slightly highcv llraii wide; sutures strongly

oMiqiic; living- e-unnbcr stnught and tubul:-v A'. Icntud-iensc

Shell cyrt.oeonie, sutuveK only slightly oblique; living chamber faintly

cyrtoconic, sligh.lly contraetod tow-ird the apeiture K. rotwidum

[). Becdion as high as ftdih'; liviiij- chamber shoit. contiacted. K. cqiiilaterale

Section broader than hv^rh; living chamber parallel-sided to aperture

K. cuuiingsi

Kindieocoras kentuckicnse Flower, n. sp. Plate 14, figs. 6-8

The holot)pe consists of a living chaniber, dorsall)' incomplete

and two attached camera-;. The shell is straight, subtriangular in

;-e.cti()n, the dorsum flatteiied. the venter subangulate, and the

j^reatest shell wi<]th dorsad of the center of the conch. The height

is 16 mm. at the base, the width 17 mm., normal to the axis of the

shell. The sutures are strongly obiicp:.e, sloping orad on the

venter. The first camera is 1.8 mm., the second 1.5 mm., showing

contraction indicative of maturity. The septum is relatively flat

transversely, but slopes strongly orad on the ventral side pro<luc-

ing considerable vertical curvature. The siphuncle is close to

the venter, probably in contact with the ventral wall or nearly so

when expanded within the camerae. Weathering indicates that

the segments are cyrtochoanitic, but no indication of the precise

outline, or of the presence of any possible internal organic depos-

its can be seen. The living chamber has a ventral length of 28

mm. It is cylindrical or nearly so to the aperture. The ventral

profile shows a faint trace of convexity, which may or may not be

original. A trace of the aperture is preserved on the venter, in-

dicating the presence of a low shallow hyponomic sinus. Shell
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surface unknown.

Discussion.—This species appears to be typical of Kindleoceras

but differs from previously known Richmond species of Ontario

in that it is less strongly depressed. Garryoccras Foerste (1928,

{). J[2) is rather similar in form but is orthochoanitic. Its phyletic

relationship is unknown.

Typc.—Wo\o\.\\)Q, Univ. of Cincinnati, No. 24077.

Occurrence.—^From the Greendale member of the Cynthiana

limestone, I'oindexter ([uarry, Cynthiana, Ky.

Kindleoceras rotundum Flower, n. sp. Plate 24, figs. 10, 11

Shell slender, the dorsal and vcntro-lateral faces more rounded

than in most members of the genus, expanding very slowly to a

point shortl}' abrjvc the l)asc of the living chamber, and then con-

tr:t,cting faintl}-, tliougii nearl_\ tubular, to tlic aperture. The holo-

type increases in the basal 20 mm. from 15 mm. and 18 mm. to 16

jrim. and 20 mm., the width being greater than the lieight. In the

remaining portion, 28 mm. long ventrally, the shell attains an

adoral width of 19 mm. and a height of 18 mm. The living

c!iam])er has a ventral length of 24 mm.
The sutures are slightly inclined orad from dorsum to venter

r;u,d p.re essentially straight. The camerae are uniform in depth,

tour occuring in 9 mm. The septa are very flat. The siphuncle

lies close to the venter an<1 is exposed b\' weathering on the t} pe.

I'he segments are broad, short in proportion to their diameter at

the septal foramen, slightly expanded in the camene. The weath-

ering of the siphuncle has brought out very clearly the simple

actinosiphonate deposits of the siphuncle. The surface feature?

cnM\ aperture are unknown.

Discussion.-—In contrast to other species of Kindleoceras the

sertinn is less strongly triangular and tlie sutures are less curved

t'lan in the assf.^ci.ited Richmond species. K. kentnekiense has a

section which is higher, and the sutures are more oblique.

In the faint contraction of th.e living chamber this species re-

calls also the more slender forms of AiKjustoceros, and the round-

ed section is not inconsistent with placing the species in that genus.

However, the contraction of the living chamber is found in

Kindleoceras eqtiilaferale also, where the strongly triangular sec-

tion of Kindleoceras is developed, and the broad short segments
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of the siphuncle suggest a closer relationship to Kindleoceras than

to .lu'jiistoceras.

llolotypc.—^Collection of Dr. W. II. Shideler, Miami Univer-

sity.

Occurrence.—From the Saluda heels above the Tetradiuui

reef, r.ig Sains Creek, 2 1/2 miles southwest of Laurel, Indiana.

Kin<Jlcnccras cii;nin.:r8) FloweT, n. ep. Plate 21, figs. 1-4

This is a rare species of the Saluda vvliich is known only from

adoral portions of the conch which are very slig-htly exogastric

though near]}- orthoconic. The holotype has a maximum length

of 54 mm. The section is triangular, the lateral angles rounded,

the ventral angle subacute. The adioral part of the shell is nearly

tubular, increasing from a height of 22 mm. and a width of 26

mm. to a height of 23 mm. and a width of zy mm. in a lengtli of

^lo mm. In this length the dorsum is very faintl}" concave and the

venter is very slightly convex in profile.

The holotype retains seven camerre in a length of 13 mm. These

are suhequal in length. The sutures describe a mid-dorsal sad-

dle flanked by a pair of lobes on the dorsal surface, and from

there swing orad over the lateral faces to a saddle on the ventral

angle of the shell. The septum is asymmetric in vertical curva-

ture, and at least adorally, \& rather strongly convex, as in the

adoral segments of Augustoceras. Material does not permit a de-

tailed study of the siphuncle, but it lies close to the venter, is rel-

atively large, having a diameter of 4 nmi. at the base of the holo-

type, and contains a thick organic lining. From this spring about

17 vertical a.ctinosiphonate rays which are, however, relatively

short and blunt. The segments of the siphuncle are more tubular

than those of .ingustoceras. The septal neck cannot be clearly

determined, but the segments are broad, short, and are better de-

scribed as suborthochoanitic than cyrtochoaniti.c. Xx. the base of

the type the siphuncle is 2,-7 vnm. wide and 3 mm. high.

The surface features of the shell are not clearly shown but

evidently .consist of rugose lines of growth, which are impressed

faintly upon the internal mold of the living chamber where they

are accompanied by faint constrictions of the shell. The paratype,

consisting only of a portion of a living chamber, shows clearly
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that the lines of growth descrihe a bi-oad rounded sinus on tlie

dorsum and curve apicad again upon approaching- the venter

where a hyponomic sinus is developed.

Discussion.—^In general aspect tins f(jrni is quite similar to the

genotype Kindleoceras reversatiim of the Meaford of Ontariij. It

differs from that species in some features of shell proportions, in

particular, in the greater height of the shell in proportion to its

v/idth, and in exhibiting slight exogastric curvature. Both of

tliese differences might conceivably be more apparent than real if

they are lost in K. rcversatum owing to slight shell distortion.

They are, however, regarded as real by the writer as the type of

A', reversatiim does not seem to be flattened vertically by pres-

sure. Another and more important difference is found in the

conspicuous saddles on the mid-dorsal region of the sutures of K.

ciiniiiu/si, a feature which is probably developed only in the later

stages of growth judging from similar phenomena found in the

late stages of Cincinnatian species of Manitouliiioccras.

Ty/)^^.—Holotype and paratype, collection of Dr. W. H. Shid-

eler, Miami University.

Occurrence.—From the Saluda formation. Both specimens

are from Cooper's Falls, 5 miles south of Versailles, Indiana, from

the upper part of the Saluda regarded as carrying the Hitz fauna,

where the fine-grained Saluda lithology has replaced the upper

Whitewater bryozoan and coral facies as developed farther north

and east.

Kindleoceras equilaterale Foerste, n. sp. Plate 24, figs. 8, 9

Shell slender, very gently curved, strongly triangular in sec-

tion. The holotype is 106 mm. long adorally. The radius of

curvature of the dorsum is 250 mm., that of the venter about 35

mm. on tlie living chamber the ventral profile becomes much more

strongly curved, a condition which appears to be natural, the

radius of curvature being reduced there to 30 mm. over a short

interval, so that the living cliamber becomes abruptly contracted

in a manner suggesting a Neiimatoceras. The shell has a width at

the base of the type of 2y mm. and a height of 21 mm. In a

ventral length of 85 mm., at the base of the living chamber, the



36S Bulletin 116 450

height is 28 mm. and tlie widtli is not known as one side is hist

but is assumeil to be neaily the same as in the early portion. The

extant part of the hvinq" chamber is 20 mm. U:»nj^. Contraction

of the venter beii;ins ab<jut 8 mm. beyond the base and is rapid so

that at the apeitural end the shcH has a liei-^iit of 20 mm. The

aperture is not preserved

The sutures are obscure doisahy but ai>pear to form shaUow

lobes over the wliole dorsal face. No indication of a mid-<loi\sal

saddle is present. The sutures rise orad on tlie lateral surfaces

to a ventral saddle. The camera:' are fairly closely spaced, five in

10 mm. adapically, four in 10 mm. adorall}', and near the base of

the living chamber four and a lialf in an ecjual length. The si-

phuncle can be seen at the Ijase of tlie specimen to lie circular in

section, very close to the venter, and 3 mm. in diameter. In cross

section tlie wall of the siphuncle is thickened greatly, so much so

that the internal cavit\' is less than i mm. across, but at this point

no actinosiphonate rays are clearly apparent.

The surface of the shell, shown only on tlie dtjisum, beais

rugose lines of growth which describe a broad lov/ sinus over the

dorsal face of the shell.

Discussion.—This species is distinctive in tlie cun\ature of the

shell, the relatfvely high cross section, and the contraction of tlie

living chamber. The associated K. niniln(/si is broader in section,

less curved, and has the adoral part of the shell essentially tubu-

lar. The lateral angles of that species are more broadly rounded,

the sutures bear a mid-dorsal saddle, and the siphuncle is some-

what larger in proportion to the cross section of the shell.

Type.—Holotype, collection of Dr. W. H. Shideler, Miami

University.

Occurretice.— Sn\u(]a. beds, 3/4 mile north of Alixerville,

Franklin County, Indiana.

Genus MANITOULINOCERAS Focisto

Genotype.—Cyrtoceras lysander BillinKs.

ManiiouUnocfrafi Foerste, 1924, Caiunda (icol. 8in'V., I\fem. l.'^S, ]>. 2:10;

Foerste, 19;i;i, Denison Univ. Bull., Sci. Lab., .lour., vol. 28, \^. 12f>.

Conch exogastric, cyrtoconic, depressed in section, with the

dorsum somewhat more flattened than the ventei". The venter in

cross section may be rounded or may be more or less subangu-
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lar, but the ventral keel is not ordinarily stnin<^l\- developed. The

shell is moderately expandin;;' in tlie early staji^es hut is very

slender, in fact almost tubular, throughout the greater part ol its

length. The mature living chamber is nearly tubular but is not

contracted at the aperture.

The sutures are straight and transverse in the early stages but

soon slope orad from dorsum to venter. The dorsal face often

bears a low lobe, but in the late stages of M . tciiuiscf'linn tliis may
be interrupted by a small but conspicuous saddle.

The siphuncle is located close to the venter. The segments are

broad at the septal foramen in proportion to tlicir length and ex-

pand within, the cameras being subspherical to obscurely lieart-

shaped in form. The septal necks are short and gradually re-

curved, while the adapical end of the connecting ring meets the

next adapical septum at a fairl\- sliarp angle. Deposits are not

ordinarily found in the siphuncle in the late stages of growth close

to the living chamber. Such deposits as are found there con-

sist of a thickening of the connecting ring which may be pro-

duced toward the ,center of the chamber. Such deposits as are

found in this part of the sliell are very often irregular and seem-

ingly erratic in their distribution through any considerable series

of camerse and consist only of a thickening of the connecting ring

inflated slightly at the septal foramen so as to suggest incipient

annulosiphonate deposits. Such thickenings, however, are not

similar to those of annulosiphonate cephalopods proper but sug-

gest rather an incipient phase in the development of actinosiphon-

ate deposits. Fragments of earlier portions of the con.cli, fartlier

from the living chamber, have shown simple actinosiphonate de-

posits, essentially similar to those found in the Valcouroceratidae,

particularly as known from Augustoceras. Deposits are not

known within the camerse. The surface of the shell is relatively

smooth bearing only fine lines of growth. The aperture is gener-

ally inclined orad from dorsum to venter but develops a clear

hyponomic sinus.

Discussion.—T\\'\?, genus may be readily recognized in the Cin-

cinnatian b\' its very slender curved form, the depressed rounded

section, the marginal siphuncle, and usually by the very shallow
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camerse. .luynstocrras whicli is similar in the deposits of tlie

siphuncle has move slemler siphiiiicular segments. The shell ex-

pands more rajMdly in the early part, and the livinj:;- chamher is at

least faintly contracted at tlie aperture. KiinUcoccras is rnoro

closely allied hut is less cuived, and the cross section is always

conspicuously tiian>^ular with n()t onl} dorso-laterall)' ant^led hut a

well-defined ventral keel. Not onl}- arc the se^^^ments of the siph-

uncle of these genera similar, hut Kiudlcoccras also shows the de-

posits close t(j the living chamher (;[ a mature shell to consist of

a thick lining derived from the connecting ring in which the ra}S

are obscured though not to the extent shown in Manitouliiioccras.

Sfaufjcroccras, discussed below, is possibly allied to J\Ia)titoiili)i-

oceras. It is a shorter, more strongly curved, shell with a slightly

contracted living chamber. 1'lie cross section may be rounded or

faintly subtriangular. I'lie segments of the siplumcle are kn(>v/n

to be rather bruad and C}'rtocl'ioanitic, suggesting those of Kiudlc-

occras and Afaiiitoitlinoccras, but material demonstrating the

presence of actinosiphonate deposits has not yet been found.

The demonstration of actinosiphonate structure in Manitouliii-

occras serves to show that its external similarities with Kiiullc-

occras, and to a lesser degree with Auiinstoceras, represent a real

relationship. Without this evidence it would not be possible to

show that Manitouliiioccras is not instead a depressed cyrtocone

derived through ,cyrtocones (jf circular section, as Loganoccras,

from compressed cyrtocones such as Oouoccras and Ricliardso7i-

occras which in turn can be traced to the true Oncoceratidae,

compressed brevicones, apparently the primitive radicle of (jue

large and important group of c}rtoconic Cephalopoda character-

ized by the absence of deposits within the siphuncle. (Flower,

1942, pp. 26-31.)

Foerste (i033) has susi:>ected that all of the species placed in

ManitonUnoceras may not be closely related. The above remarks

apply to a group of species which are closely similar to the geno-

type in this section, in the close spacing of the camera?, and in fact,

all known structures. It is not impossible that other species, the

structure of which has not as yet been subjected to a thorough

investigation, might prove to have other relationships. The form
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pattern of Manitoiilinnceras is a simple one, theoretically one

which might be attained several times in cephalopod development.

As at present understood, Manitonliiioccras ranges from the

Black River to the top of the Kichmond and is a genus v^hicli

by its distribution is boreal in its paleogeographic affinities.

Foerste erected the genus first for the reception of two species

from the Meaford (middle Richmond and presumably the Way-
nesville equivalent) of southern Ontario, M. lysandcr (Billings)

and M. posfumius (Billings). Additional species are M. middle-

villense Foerste (1928) from the Trenton limestone of New York,

M (?) canadcnsc Foerste (1933) of the Black River limestone

of La Petite Chaudiere, at Ottawa, M. {?) zvarsazvense Foerste

(1933) of t'^^ Decorah shales of Minnesota, and M. (?) wykojj-

cnse Foerste (1933) of the Prosser of Minnesota. These, togeth-

er with the species described below from the Cincinnati region,

constitute the known representatives of the genus.

All of these species are not, as Foerste (1933) noted, typical.

M. middlcvdlcnse is a form which is unusually narrow in section

and has unusually deep camera?. It is known only from small

fragments. M ( ?) zvarsazvense is at}'pical but is not well known
morphologically. It is a small .cyrtocone of generalized aspect,

more rapidly expanding than typical Maiiitutdinoceras, and diffi-

cult to place anywhere satisfactorily on the basis of the present

evidence. M. ( ?) canadense is rather too narrow in section and

shows the suture curving with the concavity orad as in Richard-

sonoceras. M. zvykojjcnsc appears to be quite typical in the

slender form of the shell and also in the form of the segments of

the siphuncle. M. posfumhis (Billings) is poorly known exter-

nally. Foerste considered it too rapidly expanding for typical

Manitoidinoceras, but it is fairly typical in the outline of the seg-

ments of the siphuncle. Further, it is possible that the type may
represent the early portion of the shell. Commensurate speci-

mens of the species of Manitoidinoceras which in later stages are

slender and tubular, in short, typical of Manitoulinoceras

agreeing with the genot}'pe in form, may be quite rapidly expand-

ing. This is true of M. moderatum, M. williamsw, and M.

temiiseptiim.

I
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The nucleus of the genus is made up of a group of species in

which the late part of the sliell is very slender and has very shal-

low camerse. This includes the genotype, M. lysander, which

seems to be known exclusively from fragments representing this

portion of the conch. Closely similar in late growth stages are

four species of the Cincinnati area, .M. wUlianiscc, M. temdseptnm,

M. modcratum, and M. gyrojormc. While the part of the phrag-

mocone v\diich is commonly found shows these features, there is

an earlier stage in wliich the .camera; are markedly deeper and the

rate of expansion of the shell is considerably greater. Tiiis has

been oljserved in M. tcnuiseptuiii and is strongly sug-

gested in M. gyrojormc, and is also developed in M. moder-

atum, though confined to a considerably smaller apical interval in

that species. In contrast, there are species in which whatever

the form of the shell, the camerse remain relatively deep until

late in life. M. zvykofjcnsc apparently belongs to this group, as

does the Cincinnatian species M. erraticuni, while in M. ultinium

the deeply camerated stage is succeeded by a broad gerontic in-

terval in which the camene are very shallow as in the better

known specimens of other species of the genus.

Cincinnatian species.—Manitoulmoceras is not common any-

where in the Cincinnatian and is found onh' from the lower

Waynesville to the Elkhorn. The first occurrence of the genus is

found in the soft trilobite shales of the Fort Ancient, lower

Waynesville. Here occur two closely related forms, M. will-

iamsce and M. teuuiseptum. Early stages of these species cannot

be distinguished. Typical fragments of the phragmocone can be

recognized readily by the different course of the sutures. In M.

tenuiseptitni the suture is transverse over the dorsum and finally

develops a mid-dorsal saddle. In M. zvilUamscc a broad shallow

lobe is present on the dorsum up to the mature and even gerontic

living chamber.

The middle Waynesville has yielded only one small unidenti-

fiable fragment which lacks the obliquity of the sutures of both of

the lower Waynesville species.

In the lower Whitewater two species o,ccur. One is the

anomalous M. ( ?) trigonale, which may not even be a ManitouUn-

oceras. It may be distinguished by the triangular cross section,

which is not so pronounced as that of Kindlcoceras, but suggests
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that of Staujjeroceras suhtria)iijitlare. Due to the slender form of

the shell it is tentatively included in Moiiituitlinuceras. At the same

liorizon there appears a typical slender species, gently curved,

wliich differs from M. zvilllamscc and M. tcniiiseptum in that the

sutures are scarcel} inclined orad from dorsum to venter. This

is M. jnoJcrahini, hetter rei)resented in the Saluda and upper

Whitewater and known from one fragment in the Mlkhorn. Also

in the upper Whitewater and Saluda there is found a relatively

L'irge species with deep camerje and nearly transverse sutures, M.

crraticum. The Elkhorn has yielded one very characteristic form,

.'1/. iilfiiintni, the early stages of which agree with M. erraticum

in the distant septa hut which develops later a considerable series

(;f closely spaced camerae.

One problematical meml)er of this genus remains to be men-

tioned. It is quite possible that Cyrtoccras irregiilarc Wetherby

might prove to belong to Manitoitllnoceras. If so, it is probably

identical with either M. wilUamsa: or M. tenuiseptum. However,

judging from the extant information, even if the type is found, it

is feared that it is too poorl}' preserved to he identified in terms

of either of these species with certainty.

KEY TO CINCINXATIAN MANITOULINOCEKAS
1. Shell witii deep camerae and a moderale rate of expansion confined to

extremely early stages, the greater part of tlie shell (usually the only

part found) being nearly tubular and having very shallow camerse 2

Shell with relatively deep camera^ except possibly for a short interval

near tlie living chamber of gerontic forms 3

2. Shallow cameras and a marked tubular form appear at a shell width of 20
mm M. ultvmum

Shell slender beyond 15 mm. width, but with shallow cameras not devel-

oi)ed in known portion (up to 30 mm. width) M. erraticum
'.\. Shell strongly keeled on the venter; section triangular. M. (/) trigonale

Siiell rounded, keel vestigial or absent 4
4. Shell very strongly curved, approaching the gyroceraconic form

M. gyroforme
Shell cyrtoconic, gently curved 5

5. Sutures scarcely inclined orad from dorsum to venter M. moderatum
Sutures strongly inclined orad on venter 6

(i. Sutures describe a broad lobe over the entire dorsum throughout life

M. wiUiamscp
Sutures at first becoming transverse ilorsally, so that there is a definite

bend where they swing orad laterally toward the venter, and finally

with a sligiit saihlle on the mid-dorsal region M. tenuiseptum

Manitoulinoceras williaimsae Flower, n. sp. Plate 23, figs. 1-6

( i) Manitouliiwceras lysander Foersto, 1924, Canada Geol. Surv., Mem,
138, pp. 231-2 (pars).

>

I
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Shell gently curved, slender, depressed in section, the dorsum
slightly more flattened than the venter, attaining a large size with-

out the development of any saddles on the dorsum. The holotype

is a slightly crushed mature living chamber showing the maxi-

mum size of the species, but in which the original section has

been compressed, and its subtriangular aspect strongly exagger-

ated. The normal shell is depressed in section, and in the early

stages is probably indistinguishable from M. tcnuiseptum which

is associated with it, and probably comparable stages of M. lysan-

der would be indistinguishable. The dorsum and venter there

are about equally evenly rounded, but soon the dorsum becomes

flatter than the venter, though at comparable growth stages the

dorsum is more flattened in M. tenuiseptum which is a smaller

species and consequently attains ephebic characters at lesser shell

diameters.

The curvature of the shell and the rate of expansion are es-

sentially similar to those of M. tenuiseptum; for practical pur-

poses of distinction they are of little value because shells of both

species are frequently more or less distorted. The paratype, rep-

resenting a slightly compressed portion of the earlier stages of

the shell, increases in height from 14 mm. to 21 mm. in a length

along the venter of 85 mm. and has a radius of curvature of no
mm. The holotype has a ventral length of 65 mm. and increases

in height from 24 mm. to 27 mm. In its present condition the

corresponding widths are 24 mm. at the base and 15 mm. at the

aperture. In undistorted specimens the width is slightly greater

than the height, and the dorsum is slightly more flattened than

the venter. This condition apparently increases adorally, for at

one portion of the paratype which is undistorted the width is 20

mm. and the height 16 mm., the greatest width being attained

about halfway between the center and the dorsum. At the base

of the holotype, however, the maximum width is attained farther

dorsad indicating a flatter dorsum and a section which is more

subtriangular.

The sutures in this species differ from those of M. tenuiseptum

in being more uniformly oblique and not flattened on the dorsum.

Instead, as the result of the obliquity, the slightly convex dorsal

face appears to bear a broad lobe which is continued orad toward
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a saddle on the venter. This condition continues up to the latest

sutures noted. The camera are shallow. Five occupy a length

of II mm. at the base of the paratype where the shell height is 14

mm. I'ive occur in the same length at a height of 20 mm. at the

dorsal end of the paratype. The same relation holds at the base

of the holot}pe, but at the adoral end of the phragmocone next to

the base of the living chamber, six or seven camerae may occur

in a length of 10 mm., plainly a gerontic feature, though the ger-

ontic contraction of the camerae is never so strongly developed

as in most other cyrtoconic genera. The siphuncle lies close to

the venter. Although several specimens have been sectioned,

none Iiave been found preserving the segments of the siphuncle

very clearly. The segments are rounded as in M. moderatum.

No trace of internal deposits has been observed in the siphuncle

of M. williamscB.

The living .chamber, as observed on the compressed holotype,

has a ventral length of 38 mm. and a dorsal length of 29 mm.
and may not be quite complete, as the hyponomic sinus cannot

be seen. The liolotype is compressed gradually as it approaches

the aperture, a condition, which although exaggerated by lateral

compression of the shell after death, was almost certainly origin-

al, as displacement of tlie shell parts is not greater adorally than

adapically.

The surface features of the shell are not displayed well in this

species, although the sliell fragments are preserved as a black

carbonaceous film. The hyponomic sinus is not demonstrated

in this species, but there is no real evidence that it was not de-

veloped here as it is in closely related species. The aperture,

aside from the probable sinus, was evidently strongly oblique,

sloping orad from dorsum to venter.

Discussion.—Thxs species is closely allied to M. lysander

(Billings) rif the Meaford shales of Ontario and also to M. tcnui-

scptwii witli wliich it is associated. I regard the form as dis-

tinct from Af. lysander on the basis of the greater curvature of

the ventral profile, the sr)mcwhat more rapid expansion, and the

very slight!)' deeper camera:. It agrees with M. lysander and

differs from ."•/. fcm/iseptuni in that the sutures are uniformly
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oblique, are not Hatteiieel conspicuously on the dorsal surface in

the early stages, and lack saddles on the dorsum in the late

stages. I-robably the early stages of all three species would be

indistinguishable, a condition not confined to these species or

this genus in nautiloids. This species is slightly more abundant

in the trilobitc beds of tlie Waynesville than is M. tcnuisci tiir.i.

There both species show the crenulate sutures which cause them

to show such a strong resemblance to 31. lysandcr and seem to

set these three species apart from all others of the genus. This

feature may be more apparent than real and due to the nature

of the preserving medium which brings out sutural details as

well as details of the surface of the internal mold very clearly

not only in the Manifonlinoceras but also in associated genera.

Rather strangely, no trace of conchial or septal furrovvs can be

seen in this species.

Types.—Holotype and paratype, University of Cincinnati, Nos.

24293, 24294. Shideler Collection, two specimens.

Occurrence.—From the shales of the lower Waynesville, re-

garded as the uppermost part of the Fort Ancient division. The

species is not commonly encountered anywhere but is occasion-

ally found in the vicinity of Clarkesville, Ohio. The holotype

is tlie gift of Miss Carrie B. Williams, for whom 1 have named

the species as some slight expression of gratitude for this and

man}^ ether fine paleontological gifts to the University of Cin-

cinnati Museum.
Manitoulinoceras tenuiBeptum (Faber)

Plate 22, figs. 1, 2, 9-11; Plate 23, fig. 10

Cyrtoccras tenriisepium Faber, 188G, Ciiiciiiuati Soc. Nat. Hist., Jour.,

vol. 9. p. 18, pi. 1, fig. 3a-c; Cumingj, 1908, Indiana Dep. Geol. Nat.

Res., Ann. Rep., 32, p. 1928, pi. 49, figs. 16-17; B;!ssler, 1910, U. S.

Nat. Mus., Bull., 92, vol. 1, p. 357.

Manitoulinoceras lyt^andcr Foerste, 192-1, Canada Gcol. Surv., Mem. 138,

p. 232. {Fa.rs.)

This is a slender species of depressed section, characterized

b}' a rather pronounced flattening of the dorsum where the su-

tures are relatively transverse in the early stages and in the later

stages develop a slight median saddle. The two syntypes rep-

resent undistorted individuals, one a small part of a phragmo-

cone which supplied the original figure of the section, the other
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a nearly complete but immature living chamber with several

camerse attached. These are supplemented in the following de-

scription by a third specimen consisting of a somewhat larger

phragmocone.

The shell is cyrtoconic, though variable in curvature, the ra-

dius for the ventral profile varying from 85 mm. in the longer

syntype to 50 mm. in the hypotype. The section is broader than

high, the venter rounded, and the dorsum more flattened. In

earl}- growth stages the greatest width of the shell lies about

midway between the dorsum and venter, but adorally it comes

to lie well dorsad of the center of the shell as the flattening of

the dorsum becomes more pronounced. The shell is very slen-

der. The hypotype increases in its undistorted portion from 17

mm. and 20 mm. to 19 mm. and 22 mm. in a ventral length of

35 mm. The one syntype, representing a living chamber and

four attached camera, increases from 19 mm. and 22 mm. to 24

mm. and 22 mm. in a ventral length of 24 mm. The immature

living chamber increases from 20 mm. and 22 mm. to a height

of 24 mm. and an estimated width of 26 mm. in a mid-ventral

length of 27 mm. Because of the hyponomic sinus the maximum
leni,^th of the living chamber is 30 mm. and is ventro-lateral.

I'rom t'le ventro-lateral region the aperture slopes apicad toward

the dorsum, where it has a length of 27 mm.
The camerse are shallow, the closely spaced septa show in the

internal molds curious finel}' crenulated sutures which are pres-

ent in the associated M. willwiuscc and also in the genotype, and

which are unknown in all other species. The early sutures are

nearly straight and transverse, but from the earliest stage they

can be seen to slope slightly apicad from the lateral to the mid-

ventral region while remaining straight on the dorsum.

The obliquity of the sutures on the ventral side increases as the

sutures are traced orad until a fairly conspicuous saddle is de-

veloped on the venter as the result of obliquity. At a shell width

of 21 mm. there begins to appear a slight mid-dorsal saddle which

is prominent at a w4dth of 22 mm.
The septa are very flat in this species. The camerje orad of

a shell width of 18 mm. occur six in a length of 10 mm. The
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four cameice at tlie base of the larger syntype occupy a ventral

length of 7.5 mm. In tlie 10 mm. orad of a shell width of 23

mm. five camera occur, tlie latest stage observed. The siphuncle

lies close to the venter. Its structure in this species has not

been observed.

The surface of the shell bears subrugose lines of growth which

follow the contours of the aperture.

Discussion.—Tliis species is a relatively rare one found only

in the trilobite shales in the lower Waynesville, where it is asso-

ciated with the simpler Manitoulinoceras williamscc. It may be

distinguished readily from that species, however, by the more
transverse dorsal sutures in the early stage, as well as by the

dorsal saddles of the later growth stages. The species was for-

merly regarded as a synonym of Manitoulinoc eras lysander by

Foerste, as noted in the synonymy of the species, but the conclu-

sion Vv^as reached without a study of types. M. lysander has the

sutures more uniformly sloping and is not known to develop

dorsal saddles. It shows the same corrugation of the sutures

which is exhibited by M. temtiseptum but is more tubular and

sligiitly less curved than either M. tcnuiseptitm or M. zuilliajuscv.

Probably extremely early stages of M. williamscc or M. tenui-

scptuni would be very difficult to differentiate. I have not had

opportunity to compare these stages, for curiously the earlier

portion of all of the shells of this genus in the Wa}nesville are

very badly crushed.

The syntypes by their lithology come from the shales of the

lower Waynesville, where additional material of this species has

been found. The species is not recognized from higher or lower

levels. Probably the original record of this species from Ver-

sailles, Indiana, is false, though the specimen on which it was
based cannot be located. Quite probably that represented a dif-

ferent species from higher in the section, possibly M. medium of

the Whitewater and Saluda.

Types.—Syntypes, Univ. of Cincinnati Museum, Nos. 103-104,

the originals of Faber's figures accompanying the original de-

scription of this genus. One additional specimen, figured here,

is from the collection of Dr. W, H. Shideler.
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Occurrence.'—F'rom the "Orihoceras dttseri" bed of the Fort

Ancient member of the Waynesville, from the vicinity of

Waynesville and Clarkesville, Oliio.

ManitouJinoccras ( ?) trigonale Flower, n. sp. Plate 22, figs. 6-8

This is a relatively large species, readily differentiated from

other species of Manitoulinoceras by the relatively rapid rate of

expansion and the siibtriangnlar section. The holotype increases

in the length of the phragmocone, a ventral length of 37 mm.
and a dorsal length of 30 mm., from 17 mm. and 21 mm. to 19

mm. and 23 mm. The living chamber shows the same rate of

expansion, and expands to 22 mm. and 27 mm. at the adoral end

which is incomplete on the venter, tliough the aperture can be

seen dorsally and laterall}' where it lies 22 mm. beyond the last

feptiun. The shell has a nearly uniform radius of curvature of

85 mm.
The sutures are nearly straight and transverse, showing only

a \Q.ry slighit obliquity, moving slight!}' orad from dorsum to ven-

ter, ?X tlie adoral end and very faint lobes on the flattened dorsal

free, 'file (lorsum is flattened, the venter broadly rounded but

witli the faintest suggestion of a median keel. The camer^e are

shallow, averaging 3 mm. in deptli throughout most of the phrag-

mocone, but sliglitly shorter near the base of the living chamber.

The internal structures arc not preserved on any of the speci-

mens. Lines of growth are preserved very faintly on the dor-

sum. There is good reason to believe that the aperture was

strongl)- inclined orad from dorsum to venter, where it was in-

teiruptcd by a h}ponomic sinus.

Discussion.—This species is atypical of Manitovlinoccras in

t'le slrongdy triangular section, a feature which gives it a strong

similarity to the associated Staujjcroccras subtrian(iulor. It

may be flistinguished from Stauffcroceras by the more slender

p1iragmo,cone, the more gradual curvature, and the failure of

the mature living chamber to show any gibbosity. The section

and large size together will differentiate this species from asso-

ciated Manitoulinoceras. The subtriangular Kindleoceras is also

comparable, but the section of M. trigonale is not so strongly

keeled ventrally as is KimUcoceras, and the mature part of the

5hell has not developed the tubular condition which is charac-
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teristic of all known species of that genus.

The exact alunities of this species remain obscure. Possibly

it will eventually be set aside from ManitouUnoccras in a dis-

tinct genus ; certainly in section and the rather rapid rate of ex-

pansion it is not typical of the genus. Foerste (1933) has dis-

cussed Midi'le Ordovician species as well as C. postimiius of

the Riciunond of Ontario which ai)pear to be at3pical of Mani-

touUnoccras, but none appear to agree closely with this species

which instead seems to be intermediate between Staufferoccras

and Manitonlinoceras in form.

/-fo/ph'/'^'.—-Collection of Dr. W. H. Shideler.

Occurrence- -From the cephalopod bed of the lower White-

water, Little Four Mile Creek, near Oxford, Ohio.

Manitoulinoceras modcrstum Flower, n. sp.

Plaie 21, figs. 1-3, 9, 15; Plate 22, fig;;. 12, 13

wShell gently curved throughout and broadly depressed in sec-

tion, dorsum and venter bein\^ about equally rounded. The

radius of curvature varies owing largely to flattening of the shells,

but in the best preserved specimens, including the holotype,

ranges from 70 mm. to 90 mm. in the mature portion. The holo-

t^-^pe increases from 16 mm. and 22 mm. to 18 mm. and 23 mm.
in the ventral .)0 mm. of the phragmocone, and in the 26 mm.
of the living chamber increases to 20 mm. and 25 mm.

The sutures are straight and transverse failing to slope orad

on the venter adorally as in most other species of the genus.

The septum, shown at the base of the holot}'pe, is relatively deep,

but other specimens show the same relativel}- flat scptujii found

in most members of the genus. The explanation for this dis-

crepancy probably lies in the development of relatively strongly

curved septa in the late stage of Manitoulinoceras, such as have

been observed in the late growth stages of ylugu^toceras.

The siphuncle lies close to the venter. A segment 2 mm. long

expands from 1.6 mm. at the septal foramen to 2.5 mm. within

the camera. The septal neck is gradually recurved, the segment

circular for the most part in its expansion within the camera.

The adapical end of the connecting ring swings centrad meeting

the next adapical septum at a considerable angle. The holo-



463 CiNCiNNATiAN Cephalopods : Flower 381

t}pe, upon being sectioned, showed in addition to the outhne of

the siphuncle a curious thickening of the connecting ring such

as is observed in the incipient stage of development of actino-

siphonate deposits in I'alconroceras. Occasionally this shows

also slight thickenings of the deposit at the septal foramen, a

condition shown in a more advanced state in another specimen.

]n neither section, however, was there any apparent correlation

between these deposits and growth stages, as the deposit was

not uniff)rml\ thicker adapically than adorally, but seemed ra-

ther erratic in its distribution throughout a series of camera.

The septa are relatively closely spaced, as is common and, in

fact, characteristic of Manitoulinoceras. Five occupy a length

of lo mm. throughout the phragmocone of the type, though they

arc. iiot unnaturally, somewhat closer in other specimens repre-

senting fragments of earlier stages of growth attributed tu tin:'

s:.nne species.

'Ilie length of the complete living chamber is not known nor

is the aperture.

Discussion.—This ap[)ears to be the common species of Mani-

foiilinoccios from the lower Whitewater tlirougli the Saluda and

upper Wb.itewater, although many of the fragments from these

Iiori;:ons are really too poor to merit specific identification. How-
ever, tliis form ma} l)e distinguishcl from the older species of

the V. a}nesville by the more transverse condition of the sutures

in the late stages of growth. I''ven this feature, wlu'ch is eaay

\::> Vise in comparing undistorted material, fails when an attempt

i:"- mac'e to appl} it to l^adly crushed specimens. From M. ciyro-

foriite of the Saluda, this form differs on the basis of the much
mere gradual curvature of the shell.

I attribute to this species one fragment representing the early

growth sta.,i;e of a Manitoulinoceras. This specimci increases

in 30 mm. from 6 nim. and 7 mm. to ji mm. and 14 mm., show-

ing that in the early stages the section enlarges quite rapidly

Ijcfore assuming the ephebic subtubular condition, and that the

breadth of the section increases more rapidly than does the

height. This septate fragment .cannot, if real caution is em-

ployed, be assigned to any species with certainty until specimens
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are found which show definitely the continuity from the early

rapidly expanding portion to the later subtubular portion of the

s'lell. However, there can be little doubt but that such early

: tagcs belong to most ManiiouUnoccvas. Allowing for such an

earl}- stage, the shell would be expected to attain when complete

a lengtb of about 150 mm. Without sucli stages it would neces-

sarily be much longer. A rapidly expanding apical portion

\^ ould cxj'lain tlie puzzling absence in all beds containing Mani-

icuUiioccras of s]cn(!cr adapical fragments.

Types.—liolotype and three paratypes, collection of Dr. W.
II. .Shideler; also a suite of ^dcHtional specimens referred to this

species.

Occurrence.—From the lower Whitewater through th.e upper

Whitewater and apparently in all stages of the Soluda. This

,-pecies is recorded from many localities larg^ely from the area of

outcrop extending from the vicinity of Oxford to Madison, In-

diana, though it is far more abundant in the northern half of this

range, lieing known in t'le southern half only from three frag-

mentary shells. Probably also one specimen which Foerste de-

scril)ed but did not figure, as Manitoidinoccras lysamlcr, from

the Hitz la\-cr of Madison, Indiana, belongs .to this species. At

present, owing to tbe storage of types due to the present war,

this specimen is not available for examination.

Tlie I-olotypc is from tlie middle \Vhitewatcr l)efls, thougli ap-

pr(iacliing the Saluda in lithology, from the eastern slope of Four

Mile valley, opposite the mouth of Lil Brook, near Oxford, Ohio.

Two distorterl specimens from the cephalopod zi;ne of tlie lower

Whitewater, which show, however, the tranvcrse condition of

th.e septa clearly, are from the cephalopod zone of the lower

Whitewater of Little Four Mile Creek. The paratype illustrat-

ing the early stages is from tlie Saluda of Dodge's Creek near

Oxford. Other specimens are from Big Sains Creek, near Lau-

rel, Indiana, and Laughery Creek, Batesville, Indiana.

BIan,Jlou5iiH)ccrag g3'roformc Flio^ver, 11. sp. Plate 21, figs. 12-14

This species ,cnn be readily distinguished from all others of

this genus by the combination of shallow camerte and a relative-

ly strongly curved shell. The cross section is broadly rounded,
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depressed, and with the dorsum scarcely more flattened than tlie

venter. The holotype increases from 15 mm. and 21 mm. near

the base to 18 mm. and 25 mm. in the lent,i:h of tlie p'nragmocone,

35 mm. ventrally and 22 mm. dorsally, and to 21 mm. and 27 mm.
in the incomplete Hving chamber, measuring 2^ mm. on the ven-

ter and II mm. on the dorsum. The rathus of curvature of the

shell is uniform throughout the t}pe and is 45 mm. Expansion

of the shell is constant in the type except where it appears to lie

greater at the very base of the specimen, an effect vvhicli is part-

ly at least (hie to w^eathering. The sutures are straiglit and

transverse to the curving axis of the shell, but are sliglitly in-

clined orad from dorsum to venter over the adoral portion. The
camer?e are uniformly shallow, and the 16 present on the type

average 2 mm. in depth on the venter.

The living chamber has a maximum ventral length of 31 mm.
and fails to retain the aperture. The surface features and the

siphuncle are not preserved.

Dicussion.—In all known features this is a typical Maiiilouluw-

ceras though more strongly curved than most other species. It

can be most readily distinguislied by the great curvature from

the associated M. modcratum, as well as from the slightl}' curved

Waynesville species. The curvature will also distinguish this

from M. lysander, and indeed from all described species, M.
lysander also has much more oblique sutures.

Types.—Holotype, collection of Dr. W. H. Shideler, Miami
University-

Occurrence.—Saluda beds, from a tributary of Indian Creek

near Oxford, Ohio.

Manitoulinoceras erraticum ri.Tle 21, figs. 4, 5, 10; Plate 22, figs. 3-5

Two fragments of Manitoidinoceras from the upper part of

the Richmond appear to represent an otherwise unknown spe-

cies characterized b}- relatively deep cameras, large size, and a

rapidly expanding slightly curved initial portion followed by a

tubular straight mature portion. The early part of the shell ex-

pands from II mm. and 14 mm. to 13 mm. and 19 mm. in a

ventral length of 28 mm. The dorsum is straight in profile, the

venter slightly .convex, and in section the dorsum is broadly flat-

tened and the venter more rounded. In this part of the shell the

sutures are uniformly and very slightly inclined orad from dor-
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sum to venter and are spaced four in a length of lo mm. The

mature part of the shell is shown on another specimen which con-

sists of five camerre and a portion of a living chamher. In tive

length of the five camcrce the shell increases from 20 mm and

26 mm. to 22 mm. and 29 mm., and the ventral length of this in-

terval is i^ mm. The living chamher extends 29 nun. heyond

the last septum, and adorally has a width of 28 mm., hut a lieiglit,

owing to slight flattening and perhaps also to weathering, of 18

mm. Three canier:c occupy a length of 9 mm.
The siphuncle lies close to tlie venter and is seen only on tlie

smaller specimen.

Discussion.—This species is clearly recognized on the hasis of

the relatively deep camera?, the large size, and the very slight

curvature of tlie shell. The rapidly expanding portion of the

conch persists to much greater diameters than in any other ob-

served species, and the shell is considerably less curved. 1 he

marked flattening of the dorsum in cross section noted in the

early stages is probably due to pressure rather than to an origin-

al condition, but distortion is relatively slight.

Types.—Holotype and parat}pe, .collection of Dr. W. H. Shide-

ler, Miami University.

Occurence.—From the upper Whitewater beds. The liolo-

type is from Dodge's Creek and the paratype from AlcDill's Mills,

near Oxford, Ohio.

Manitoulinoceras, sp. Plate 23, figs. 7-9

Two specimens of ManitouHnoccras in the upper Wliitewater

show well-pre.served actinosiphonate deposits but are so flat-

tened that it is uncertain whether they belong to M. hioderafu)!!

or to an otherwise unknown species. Indeed, one fragment is

so distorted that its position in Manitoulinoceras is not clearly

demonstrable, and it is placed here because no other genus in

the Richmond is known to exhibit such a slender shell in com-

bination with such uniformly shallow camera. This fragment,

26 mm. in length, shows no curvature and is so flattened that

the siphuncle appears near one e(.\ge of one of the two broader

surfaces. In its present condition the shell increases from 8 mm.

and 12 mm. to 9 mm. ami 16 nmi. The camerse are very shal-

low, three occurring in a length of 5 mm. The sutures are ap-
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parently straight. The marginal siphuncle is well exposed hy

weathering ant! shows hroad short rounded segments typical of

Manitoullnoceras anil in no way different from tlu^se of M.

inoderatnrn ex.cept that they contain well-defined actinosiphoii-

ate deposits consisting of a small numher of simple ra)s similar

to those of Angnstoceras.

The second six^cimen is somewhat hetter preserved. It has

a maximum length of 32 mm. and is incomplete ha sally. In the

adoral 25 mm. it expands from 9 mm. and 14 mm. to 10 mm. and

14 nmi. The shell has heen flattened somewliat vertically but

still shows a faint trace <jf curvature. The sutures are straight

and transverse. At the middle of the specimen seven camerse

occur in a length of 10 mm. The siphuncle is exposed by wea-

thering on the venter, showing broad segments, rounded and ex-

panded within the camerse, typical of ManitotUinoceras in form,

but containing very clearl}' preserved actinosiphonate rays.

Discussion.—These poorly preserved specimens, and also a

third which shows a lining of the siphuncle in a later growth

stage but no rays, may be flattened individuals of M. moderatum,

from which they cannot be distinguished on the basis of the pres-

ent material. However, I refrain from identifying them in

terms of any species largely because of the much distorted con-

dition of the shells. They suggest that actinosiphonate deposits

with well-defined rays and a very slight thickening of the con-

necting ring may have been developed adapically while adorally

the rays were not developed gerontically, but instead the con-

necting ring became more thickened, especially at the region of

the septal necks. Of these two specimens, the generic position

of the first might be questioned because of the peculiar distor-

tion. The second, however, which shows identical structure,

clearly has all of the essential features of the phragmocone of

Manitonlinoceras. KindJeoccras has such a strongly triangular

section that flattened specimens would be expected to show some

trace of it at least in the .configuration of the sutures. Further,

in the known Kindlcoceras of the Richmond the sutures slope

orad from dorsum to venter.

Figured specimens.—Collection of Dr. W. H. Shideler.

Occurrence.—From the upper Whitewater beds, from Dodge's
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Creek and McDill's Mills, near Oxford, Ohio.

Manitoulinocerasi ultir.ium Fiovvtr, n. ko. Plate 21, fifis. G-S

Conch only very slightly curved, depressed in section, and the

dorsum slightly more llattened than the venter. The liolot}pe

has a ventral profile with a rachus of curvature of at least 120

degrees ephebically, l)ecoming perfectls' straight in the gerontic

portion as marked by the series of contracted camer^e. The holo-

type is 52 mm. in length. In the basal 32 mm. tlie shell increases

from 12 mm. and 15 mm. to 18 mm. and 21 mm., and in the

adoral 20 mm. the rate of expansion has deci eased so that at

the end of this interval the sliell attains 20 mm. and 22 mm.
The .camerse are usually deep adapically but are replaced at

a shell width of 21 mm. by a series of gerontic camerce vvhicli

are almost twice as closely spaced. Adapically five camerte oc-

cur in a length equal to an adoral shell width of 19 mm. ; ador-

ally II or 12 camerre occupy a length equal to a widtJi of 22

mm. The septum is very flat basall}' antl more curved geron-

tically. I'he sutures describe a broad lobe on th.e dorsal face

and adapically a similar but broader lobe appears on the ven-

ter. Adorally the sutures are straight and transverse ventrally.

The siphuncle has been lost by weathering over the adapical

part of the type, but the cavity remaining suggests that the seg-

ments were broad at the septal foramen, short, and expanded

only slightly within the camerse. Adorally the segments are

somewhat better preserved where they appear very slightly nar-

rower, much shorter, and as a consequence appear to be more

broadly expanded within the camerse. The filling of the adoral

segments of the siphuncle shows that the connecting rings were

somewhat thickened, particularly at the septal foramina, sug-

gesting annulosiphonate deposits, and also reminis,cent of the

structures seen in a much less advanced condition of growth in

Manitoulinoceras medium. Possibly farther apicad true actino-

siphonate rays were developed. Nothing is known of the sur-

face of the living chamber.

Discussion.—This species, the youngest known member of the

genus Manitoulinoceras, shows marked gerontic phenomena

;

first, in the shortening of the adoral camerse, and second, in the

development of deposits within the siphuncle close to the liv-
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ing chamber. Other species of Manitoulinoceras in the Rich-

mond fail to show any adoral shortening of the gerontic cam-

ene. Instead, such slight shortening as does occur is to be found

in a much earlier part of the shell, and in one which is, unfor-

tunately, not often found. In comparing this species with M.

medium, it is apparent tliat the deposits of the siphuncle occur

much farther orad in the shell and are much more strongly de-

veloped, a condition vvhich is to be expected if actinosiphonate

deposits are, as the writer has suggested, one of several meth-

ods of removing excess calcareous material in the gerontic stage.

The remarkable shortening of the adoral camerae will distin-

guish this from all other Manitoulinoc eras. Fragments of this

species showing only one stage or the other might, however, be

confused with other forms. The early part of the phragmocone

is superficially similar to commensurate portions of M. crratic%un

but in that species c()mparal)le stages show a greater rate of expan-

sion, slightly shallower cauierre, sutures which are straight ven-

trally instead of faintly l(jl)ed, and a siphuncle whicli is some-

what narrower.

Adoral parts of the shell would show alx)ut the same sort of

shallow camera; developed over wider regions of the shell in

M. zuUliauis(c, M. tcnuiseptum, M. medium, M. moderatum, and

M. gyrojorme. Commensurate portions of M. temiiseptum. have

dorsal saddles. M, moderotitm has the sutures more transverse

on the dorsum, M. gyrojorme is more strongly curved, but Af.

ivilliamsce could probably not be distinguished with certainty on

tlie basis of such fragments alone. The species are, however,

quite distinct in range, and may be distinguished at a glance on

the basis of reasonably complete specimens, for the camerae are

never deep adapically in M. williamsce. The two have not been

found in association and to all practical purposes stratigraphy is

apparently a lielpful guide here, for M. zvilliamsce is known only

in tlie lower Waynesville while M. nUimiim is upper Elkhorn.

Holotype.—Collection of Dr. W. H. Shideler, Miami Univer-

sity.

Occurrence.—From the upper Elkhorn, 2 miles west of Ham-
bur", Indiana.
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Manitoulinocoras (?) irrcgiilare (Wetherby)

Cyrtoceras irregulare Wetherby, 1881, Cincinnati Soe. Nat. Hist., Joni-.,

vol. 4, p. 79, pi. 2, iig. 3 ; James, 1886, Cincinnati Soc. Nat. Hist.,

Jour., vol. 8, p. 246; Nickles, 1902, Cincinnati Soc. Nat. Hist., Jour.,

vol. 20, p. 93; Bassler, 1915, U. S. Nat. Museum, Bull. 92, vol. 1, p. 35:5.

This little known species is based upon a much crumpled spec-

imen which it has not been possible to locate. Wetherby's orig-

inal description is quoted

:

Shell composed of sliort segments, nearly equal in length and size in tlie

anterior third, gradually becoming sliorter and smaller in the posterior

two-thirds. It is moderately curved, the curvature not being well shown
in the figure, wliich is a dorsal vievi'. The specimen is slightly distoited liy

pressure, but evidences remain that it was somewhat elli])tical in section

from the sliortening of the dorso-ventral diameter.

The irregularities in form, which are well shown in the figure, charac-

terized, likewise, a specimen once sliown to me at tlie University by the

veteran paleontologist, C. B. Dyer, Esq., and whicli I instantly recog-

nized as being this species. The two specimens are tlie only ones that

liave fallen under my observation. The siphuncle is dorsal and compara-
tivly large.

The specimen figured, which has a small portion of the body chamber,
consists of twenty-four septa, and measures 55 mm. in length. Tlie body
chamber measures 24 mm. in its greatest and 11 mm. in its least diam-
eter. The opposite extremity measures 8 nmi. and 5 mm., in the same
diameters respectively. I collected this species in May, 1877, at Freeport,

Warren County, Ohio, in the upper part of the Cincinnati group. It ap-

pears to be rare.

Discussion.—From the shallow condition of the camerse and

the evidently slight curvature, as well as the presumably depressed

section, this is probably a species of Manitoulinoceras. It has

been reported as Waynesville in range by Nickles and by Bass-

ler. It is c|uite possible that it may be conspecific with one of

the two species of Manitoulinoceras subsequently described, M.

tenuiseptum (Faber) or M. williamscc Flower, n. sp. However,

it is greatly to be feared that even were the type available, it

would prove too poorly preserved to be regarded as definitely

conspecific with either of these species which are associated in

the Waynesville. Further, it is not certain that the specimens

upon which Nickles and Bassler based their determination of the

horizon of tliis species included the type which cannot be located.

Manitoulinoceras has been found in the trilobite beds of the

Waynesville crushed in a manner suggesting Wetherby's figure

but may be distorted similarly in other horizons.

Ty/*?.—Location unknown.

Occurrence.—"Upper part of the Cincinnati group, at Free-
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port, Warren Count}', Ohio, in the upper part of the Cincinnati

group."

Genus STAUFFEROCERAS Foerste

Genotyi'O.

—

( ijrloceras feaihernlnnehaughi Clarke.

Utaujfcroccras Focistc, 19:^3, Diniisou Univ. Bull., Hci. Lab., Jour., vol.

28, pp. 130-ini.

Conch cyrtoconic, exogastric. Section depressed, the dorsum
strongly flattened and the venter more broadly rounded or sub-

angular. The living .chamber is slightly contracted at the aper-

ture and may be slightly inflated near its base. The sutures are

slightly oblique being inclined orad from dorsum to venter. The
siphuncle is made up of expanded segments and is located close

to the venter. The shell is strongly curved but shows much
variation in rate of expansion and the condition of the mature

living chamber, as well as in cross section.

Discussion.—Not much information is available to serve as the

basis of difl:'erentiating this genus clearly from Manitoidinoceras

which agrees with it in being exogastric, sometimes sub-

triangular in section, but which differs mainly in that the shell

is always very slender and the sutures are always very closely

spaced. Probably additional dift'erences may be found in the

siphuncles, but the Cincinnatian species concerned has not yield-

ed siphuncles well enough preserved to stutly by means of sec-

tions.

The relationship of this genus is obscure. It might belong to

the Valcouro,ceratid?e, but definite evidence of actinosiphonate

structure is lacking in the genus, and this conclusion is reached

solely upon the basis of the form of the shell, which in some re-

spects seems to be transitional between Augustoceras and Kindle-

oceras. However, it might also belong to the large group of

cyrtoconic genera of which the Oncoceratidse form the nucleus,

in which the siphuncle was free from organic deposits, and in

which the section departed sometimes from the supposedly prim-

itive compressed condition to a circular or depressed one. How-
ever, so little is known of the internal structure of many such

genera, including Loganoccras, Staufferoceras, Romingeroceras,

Schofieldoceras, Ehlersoceras, and Fayettoceras, that their re-

lationship to other cephalopod genera is uncertain. At the pres-

ent time tlie available information suggests that these forms had
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relatively small empty cyrtochoanitic siphuncles, but in some

cases the siphuncle is not known at all, and in others it has ap-

parently been examined only from weathered internal molds, not

always satisfactory for preservation of the organic deposits which

have such great taxonomic significance.

The genus is thus far known only from the genotype, which

occurs in the Platteville limestone at Minnesota, and the Rich-

mond species described below\

Staufferoceras sul)triang-ulare Foerste, n. sp. Plate 24, figs. 5-7

This is known only from a single specimen. The shell is small

and rather strongly curved. The section is subtriangular, being

flattened dorsally, and having a rounded ventral keel. The shell

increases from ii mm. and 17 mm. to 16 mm. and 19 mm. in

the 38 mm. of the phragmocone as measured ventrally, and to

18 mm. and 21 mm. at the adoral end of the living chamber

which is complete laterally where the length is 13 mm. The

ventral length, incomplete, is 16 mm. The radius of curvature

of the ventral profile in this length is 35 mm. over the phrag-

mocone but 33 mm. over the living chamber, which is faintly

gibbous just above its base and then less curved to the aperture.

The sutures describe broad shallow lobes on the flattened dor-

sal surface and slope orad from the rounded lateral angles to

the venter. The nine preserved camerae are relatively deep and

range from 2.5 mm. to 4 mm. in length on the venter. The septa

are not exposed. The siphuncle, seen only at the base of the

specimen, is small and close to the venter.

Discussion.—This species can be distinguished from other Cin-

cinnatian cephalopods by the characters of the genus.

Holotype.—Collection of Dr. W. H. Shideler, Miami Univer-

sity.

Occurrence—From the lower Whitewater beds, of Little Four

Mile Creek, near Oxford, Ohio.

Family DIESTOCERATID^ Teichert (emend.)

The family Diestoceratidse is employed here for the reception

of compressed brevicones with cyrtochoanitic siphuncles, typical-

ly with discrete rather irregular aotinosiphonate deposits. The

shells are more or less contracterl to the aperture where a hypo-
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nomic sinus is developed. The conchs often appear straight but

usUfilly show some trace of endogastric curvature. Sometimes

this is shown in the curvature of the early stages of the phrag-

mocone, again it may he indicated only by the sutures which

are typically somewhat more closely spaced on the venter than

on the dorsum.

At the present time only two genera are included in this fam-

ily, Dicstoccras and Danoccras. Dicstoceras was originally

used for gibbous straight to faintly endogastric shells, and as

such has been stretched to include a large number of Ordovician

species which vary considerably in aspect and internal struc-

ture. IJypcroccras Foerstc is a synon}iri of Danoccras, which

is more slender and is characterized by having more slender seg-

ments of a characteristic form. However, on the basis of shell

form Dicstoccras and Danoccras are so closely allied that it is

questionable to which some species should be referred. Possibly a

clearer distinction can be found on the basis of the form of the seg-

ments of the siph uncle, but in the present state of our knowl-

edge this is impractical, because the siphuncles are not known
for a number of the borderline species.

Early stages of both genera have not been available for study.

How'ever, since the segments of the siphuncle do become simpler

adapically and are simpler in small species than in large ones,

it is suspected that the same relationship holds here which was

found in Valcouroceras, and that the Diesto.ceratidce represents

another family of the secondarily cyrtochoanitic cephalopods.

As such, it may be readily differentiated from the Allumettocera-

tida; which are depressed and not at all breviconic. The Onco-

ceratidse and Valcotn-o,ceratidse are compressed but both are

exogastric groups. The Valcouroceratidre have actinosiphonate

deposits but of a t\'pe more regular than those of the Diestocera-

tidse. No deposits are found in the siphuncles of the Oncocera-

tidse.

Teichert do.^^, P- 107) proposed the Diestocerati(kc as a fam-

ily of the Actinosiphonata defining it as containing "either straight

or slightl}' curved brevicones," and including in it Dicstoceras,

IVcthcrhyoccrcs, Jlcrkiincroccras, and Pachtoceras. The writer

(Flower, 19.13) has presented evidence which leads him to be-
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lieve that the Aclinusiplionata are polyphxletic, and that actino-

siphonate structure appeared at various times in a nnniber of

distinct lines of descent in the cephalopods. Further, it does not

appear that the genera which Teichert placed in the Diestocera-

tid?e are demonstrably related. Dicstoceras has endogastric

tendencies and highly distinctive actinosiphonate deposits. Dif-

ferent types of deposits are found in the exogastric yliujiistoccras,

which has essentially tlie features attributed to Wetherhyoceras

by Foerste, and belongs in the Valcouroceratid?c. Wetherhyo-

ceras, as noted in connection with the Vakouroceratidce, is

abandoned for nomenclatorial reasons. The affinities of the De-

vonian genera, Herkiiiwroceras and Pachtoceras, are admitted-

ly certain but there does not seem to be clear evidence con-

necting them with Dicstoceras. Hcrkiiiieroccras Foerste occurs

in the Upper Silurian and Lower Devonian. It is a depressed

exogastric cyrtoceracone with a slender living chamber. The

ventral siphvmcle is broadly expanded within the cameree an-l

possesses well-developed actinosiphonate deposits. If it is to be

traced to any Ordovician genus, Manitoulmoccras of the Valcour-

oceratidje is probably the best candidate for its ancestor. Pacht-

oceras Foerste of the Up])er Devonian is a straight depressed

brevicone, peculiar in that the actinosiphonate sipliuncle is rela-

tively far from the wall of the shell. Its affinities are uncertain,

but while the genus resembles Dicstoceras in form, except in

being depressed instead of compressed and is not known to

have a hyponomic sinus, its affinities are admittedly uncertain.

Unfortunately, w'hile a considerable series of species and a

good supply of specimens represent this family in the Cincinna-

tian, many of the specimens are so jworly preserved that the in-

ternal structure is lost. As a consequence, much more remains

to be learned concerning the structures of the siphuncle in this

family. The extant material suggests that Dicstoceras possesses

deposits which are irregular, but essentially similar to th(^se

found in the earlier and simpler of the Valcouroceratidae, In-

deed, the internal structure found in Dicstoceras cyrtocerinoides

is so similar to that exhibited by Valeouroceras secleyi (Ruede-

mann) and allied species of the Qiazyan, that I at iirst believed
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the species to ])cl()ng to that genus, hut later removed it to Dies-

occras on the basis of its evident endo.t^^astric tendencies. It supplies

the only e\"idence, however, serving to connect the Diestocera-

tidje with any other family. Inasmuch as these shells are com-

pressed cyrtoceracones with cyrtochoanitic siphuncles which are

marginal and sliow some slight simplification of outline when
traced from the later to the younger stages, it appears that they

might join the Oncoceratid?e and Valcouroceratidse. D. cyrto-

ccrinoidcs by its internal structure, lends some support to this

view. In Danoccras the segments of the siphuncle are relative-

\\ slender and simple and possess only vestiges of annulosip'hon-

ate deposits. Only in the larger species of Diestoccras is the

.-;'. tinosiphonate structure well developed. The same relation-

ship which is found in the various species of the Chazyan VaJ-

cov.rGCcras but which is lost taxhygenetically in the higher Val-

couroceratida? appears to persist into the Richmondian and

ycnmgest of the species of the Diestoceratid?e.

On the basis of the gross features of the shell no clear distinc-

tion exists between Diestoccras and Danoccras. Typical Diest-

cceras expands rapidly and contracts strongly toward the aper-

ture. Typical Danoccras presents a very dififerent aspect, be-

cause the initial part of the shell expands very gradually, and

the contraction near the aperture is relatively slight. However,

the described species supply a series of forms showing such

j.'radation of form from one extreme to the other that no clear

(h'stinction can be drawn on this basis. A clear distinction seems

to exist on the basis of the form of the segments of the siphuncle,

but the siphuncles are not known for those species which in-

tergrade on the basis of form.

Genus DIESTOCERAS Foerste

Gfnot3j'e.

—

Goviphoccras indianense Miller and Faber.

Dicstocera-'i Foeisie, 1924, Denison Univ. Bull., Sci. Lab., Jour., vol. 20,

]). 262; Foerste, 192d, ibid, vol. 21, p, 326; Troedsson, 1926, Med-
fleU'ser on> G'.'Oiil i!>v!, vol. 71, p. 99; Foerste and Savage, 1927, Denison

Univ. Bull., Sci. Lab., Journ., vol. 22, p. 86; Foerste, 1929, ibid., vol,

•J4, p. 22.^: Foerste, 193:'., ih'd., vol. 28, p. 142; Foerste, 193.5, ibid.,

vol. 30, p. 61; Rov, 1911, FieM Mus. Nat. Hist., Gool. Mem., vol. 2,

]>. 1.51.

This large genus is characterized mainly by the form of the

shell, which is compressed and which may be faintly endogas-
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trie or straight adapically but is strongly gibbous adorally, the

shell usually attaining its greatest height and width close to the

base of the living ,chamber and then contracting toward the

aperture which has a hyponomic sinus but is otherwise straight

and transverse.

The sutures are typically transverse, the camerse slightly deep-

er on the dorsum than on the venter, but lateral lobes are poorly

developed if at all discernible. The siphuncle lies close to the

ventral side. The segments are broadly expanded, subquadrate

in section, and usually more or less scalariform in outline. The

necks are short and abruptly recurved. The connecting ring is

broadly adnate beyond the tip of the neck on the dorsum but is

free on the venter. The ring then swings apicad, sometimes being

curved, as in D. cos, and again being nearly straig'ht as in D..

indianense and D. scalare of Anticosti, in both of which the seg-

ments of the siphuncle appear strongly scalariform and subquad-

rate in section. At the adapical end of the segment the ring joins

the septum at the edge of the foramen on the dorsum, but well

outside of it ventrally, so that a broad area of adnation is de-

veloped on that side of the shell. Deposits within the siphuncle

begin as small annulosiphonate rings derived from the adapical

end of the connecting ring which extends inside the neck of the

adapical septum nearl)' to the tip. These deposits then give rise

to irregular linear processes which extend apicad and orad of the

original annulosiphonate mass. The structure is essentially

actinosiphonate but irregular and cjuite characteristic. The de-

posits never form a series of rays which may appear to continue

from segment to segment as in some other actinosiphonate types.

Faint cameral deposits in the gerontic stage may produce shallow

linear impressions on the internal molds of the phragmocones.

The aperture is .commonly bent inward in this genus and is

commonly preserved as a band of black carbonaceous material.

This is suggestive of the black deposit of the hood of Nautilus

but probably has no such significance in Diesfoccras, as many pel-

ecypods are preserved completely by a similar carbonaceous sub-

stance. Apparently it represents an excess of conchiolinous mat-

ter in the shell at this region.
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Discvssion.—Dicstoccras is a ver}- lari^e genus, cibout 40 spe-

cies having been placed in it from the American Ortlovician alone.

These species range from tlie Chazyan through the Richmond and

include small as well as large forms. The internal structure of

the siphuncle is known for probably not more than a half dozen of

these species. The typical broadly expanded scalariform seg-

ments and actinosiphonate deposits occur in the larger species

but have not been observed in the smaller ones. The small and

medium-sized species agree in being compressed straight or faint-

ly endogastric brevicones, but differ in the extent of gibbosity,

the position of gibbosity in relation to the base of the living cham-

ber, and in the pattern of the sutures. Also, among these species

there is apparently considerable va^riation in the form of tbc seg-

nients of the siphuncle, some segments being elongate and rela-

tively slender while others are more broadly expanded.

A.mong these smaller species there are a number which ap-

}jroach ver_\- close to Daiioccras Troedsson in form. A number of

the smaller species of the Cynthiana and Lei])ers have been placed

in Danoccras, particularly since one of them shows a siphuncle

V. hich is t\ pical of tliat genus in the form of its segments. Some

nf these are related to species from other regions which have

been placed in Dicstoccras. The siphuncles of tliese sjiccies arc

not known, but it is highly probable that such species might bet-

ter be placed in Danoccras. From the few siphuncles which are

known in the species of the two genera, the form of the segments

of Danoccras and Dicstoccras appear to be very distinct. How-

ever, gradation may be found with the study of the internal

structure of more species. Further, a few forms show simple

elongate ovoid segments which are properly typical of neither

genus. These species are tentatively retained in Dicstoccras.

Dicstoccras is not, in its present state, a very satisfactory genus.

Possibly it can be subdivided with further study, but data for

such procedure are lacking at the present time. Typical forms

are the large essentially straight brevicones represented in the

Cincinnatian by D. waynesvillense, D. indianensc, D. cos, D.

shideleri, and D. otfcmiatuni. D. scalarc of Anticosti is typical

and is quite similar in form of its siphuncle to D. indianensc,
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thnu'^'^Ii I'ociste (I'j-'O, p. 3-(^i) at one time suspected that this

i'uriji niii^lit l)e atypical. At that time the segments of D. india-

neiisc \\'ere net known. D. strangulatiim Focrste of the Vaureal

formation and D. arenicolwn Foerste of the ElHs Bay formation

are t}'pical Dicsfoccras. Other Anticusti species are smaller and

not really typical in form. D. anticostiense, on the basis of the

strong lateral lobes and strong saddles, appears to be a Dan-

cccras. I), vanuui and D. carletoncnse of the English Head for-

mation are smaller more generalized species, which remain in

Dlestoccras on the basis of the form of the shell, but apparently

belong to a group of small slender forms quite distinct from the

large species which comprise the nucleus of the genus. D. obcsum

F( e'ste, also of the English Head formation, is small but more

t\pical of tlie genus in its strong gibbosity.

Tlie \Vhiteliead formation of Gaspe has yielded D. ijaspcnsc,

D. hrcv'uiovnvm, and D. subglnbosum, large strongly gibbous spe-

cies, but the slender and smaller D. cooperi is atypical and may-

be as easily placed in Danoceras.

In tiie boreal faunas of Red River affinities the largest spe-

cies are found. The Cape Calhoun formation has yielded Dlest-

occras pyrijonnc, an almost j^loljose form, which has markedly

d!evelo])ed actinosiphonate deposits and subcpuadrate siphuncular

segments.

The "Richmond" of Frobisher ]]ay has \ielded a bulbous D.

schudicrli Foerste and the larger D. milleri Roy. The Ordovi-

cian of Hudson Bay has yielded D. tyrreUi Foerste and Savage,

a form faintly reminiscent of our D. cJteni'.ahcn. from the .Sha-

mattawa limestone, and an unnamed form, known from a dis-

torted piiragmocone in the Nelson limestone, which appears to

be one of the typical northern globose forms.

Tiie Red River formation of Lake Winnipeg has yielded the

giants of the genus, D. nobilc (Whiteaves) being perhaps the

largest known brevicone. The other species are typical of the

group including the genotype. These are D. zi'hifciwcsi Foerste,

a small form but one quite typical in shape, and one characterized

by broad segments of the siphuncle and an incurved aperture, D.
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( ?), sp., also witli a typical aj)erture, the subglobose D. (jihbosinn

and D. aperl k in, which is more similar to D. sliidclcri and D. i;i-

(lai'.c;isc than most of tlic Red Rixer species.

The Bij<,''horn formation has yielded the large D. magistcr, a

form witli a relativelv' slender ])]iragmocone and a domelike livin';-

chamlxM', D. landcrcnsc, a moderate-sized form, and D. jlex-

visutile Miller, a species which is atypical in the large siphuncle

and may be a Londcroceras. Smaller species are D. jremontensc

Foerste, D. kirki Foerste, D. occidcntale, and a very slender form

which is atypical of any known genus, D. ivcdcoiti Foerste, de-

scribed from the Fremont limestone of Colorado.

The Middle Ordovician species of North America are inad-

e(|uately known, indeed a considerable scries of s];ccies, largely

frcnn t)ie Trentr)n of (Quebec, now await description. The two Cha-

zvan s{)ecies describeil by Foerste (1938) from the .Mingan

Islands of Quebec, one as Dicstoccras, sp., tlie other as D. luaccoyi

(IHllings), are small slender shells known only from exteriors.

The}' are far from being typical members of the genus in fonn

bi!t fit there better than in any other genus described at the pres-

ent time. I have not encountered Diestoccras in the Chazyan of

tlic Champlain Valley. The Black River and Trenton beds have

\ielded a few species, all small and atypical. D. alceum (Hall)

occurs in the Platteville betls (Foerste, 1928. p. 209, pi. 44, fig.

3A-r>). This is a small slender form which might as easily be

l)la,ced in Daiwccras, although its Vvcathered siphuncle shows

segments which are too large and too broad for that genus.

D. clarkei Foerste (1929, p. 314, pi. 47, fig. 5) of the Galena of

}.linnesota is smaller and more slender than typical species of

Dlestoceras but .closer to them in form. D. roniingeri Foerste

('1033, pi. 3.;, T033, P- i-!5) is a species which is scarcely con-

tracted adorally and appears to be closer to Daiioccras tlian to

Dicstoccras on the basis of the form. D. comcllcnsc Foerste (1932,

pl- 3S; 1933. P- i-!5) ^^^ the Cornell member of the Trenton of

Michigan is a small si)ecies but a gibbous one, differing in form

from typical species mainly in the production of the aperture.
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The single Maquoketa species D. staiiffcri Foerste belongs to

the globose group of arctic species but is atypicall}- small. The
absence of species in the Macjuoketa similar to those of the White-

water of Cincinnati is surprising.

The genus is present in Europe, though it is less well known.

The only typical form is Dicstuceras stensioi (Troeclsson, 1926)

cf the Lykholm formation of Esthonia. This form, which is quite

similar to D. cus and D. indianeiisc in general aspect, was origi-

nally described as a Cyrtoyomphoceras
,
probably because of the

markedly endogastric condition of the apical part of the phrag-

mocone. Strand (1934) has described three species of the Oslo

region in terms of the genus Diestoccras, all of which are relative-

ly small and only faintly gibbous forms. Of these, D. stormeri is

probably the most t}pical, having a well-rounded living chamber.

D. isotelorif.ui expands fairly rapidl) but the aperture is only

slightly contracted. D. acnininatutn has a more slender phrag-

mocone but the living chamber becomes rounded and contracts

adorally as in Diestoccras. However, all these three are among
tlie group of species which border upon Danoceras. Strand also

notes other European species belonging to Diestoccras or Dan-

oceras. He doubtfully assigns Poterioceras intortum Blake of

the English Bala group to Diestoccras and notes that in Bohemia

Goinplweeras prinnun Barrande of horizon D5 is either a Dan-

oceras or a Diestoccras. This is a moderately gibbous species.

The siphuncle on Barrande's specimen is lost by weathering and

shows as an im^^erfect external mold. Its segments seem to be

quite slender and more consistent with placing this species in

Danoceras than in Diestoccras.

The Cincinnatian species likewise form a heterogeneous group.

Closely allied are tlic large Whitewater forms which may be

briefly diagnosed as follows

:

D. indianensc.—A shell with a nearly straight rather short liv-

ing chamber, little contracted adorally. The phragmocone is

concave adapically on the venter, strongly convex dorsally. .Su-

tures moderately close. Lower Whitewater, Saluda, and prob-

ably upper Whitewater.

D. eos.—A larger form, living chamber nearly symmetrical,

gibbous, .contracting more strongly toward the aperture. Early
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stages slender, then rapidly expanding, becoming concave, and

then convex in profile. Gibbosity best developed shortly orad of

the base of tiie living .chamber. Lower Whitewater and Saluda.

D. shideleri.—A large form, living chamber comparable in

length with D. eos, but less gibbous, only slightly contracted

toward the aperture. Phragmocone with exceptionally deep cam-

erae; early part curved as in D. indianense. Lower Whitewater,

Saluda, upper Whitewater. A form similar to this is found in the

Elkhorn.

D. atteniiatnm.—A smaller species, nearly straight, with a

long living chamber and a rather slender phragmocone with deep

camerse. Not markedly curved.

D. waynesz'iUcnsc.—Phragmocone nearly symmetrical as in D.

eos, but the living chamber is slender, as in D. shideleri, only

much smaller.

D. cyrtocerinoides.—A small rapidly expanding phragmocone

in outline similar to D. eos, but differing in cross section and in

the spacing of the camera;. This occurs in the Hitz bed at Mad-

ison, Indiana.

The remaining species are small, atypical and remain in Diest-

oceras largely because no better resting place has been provided

for them, and they are insufficiently known to serve as genotypes.

D. sp. (Flower, 1941).—Cynthiana limestone, Cynthiana.

D. edenense.—A tiny top-shaped shell of the Eden, typical in

form, but a miniature edition of the genus. Its siphuncle is not

known.

D. bettincp.—'A Fairmount species peculiar in the low position

of gibbosity and the conical contraction of the entire living cham-

ber.

D. vasijorme Flower.—A slender form, apparently from the

Saluda, close to Danoccras in form, but placed in Diestoceras

largely on the strength of the low gibbosity and the absence of

any decisive characters or strong resemblances to described

species.

D. pupa.—A tiny species of the Hitz fauna, inadequately

known, but tv-pical of the genus in being a straight compressed

brevicone.
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D. reversum.—A Saluda form peculiar in that the camerse are

deeper on the ventral than on the dorsal side. This is another

atypical form without close relatives.

Diestoceras indianense (Miller and Faber)
Plate 3G, figs. 1-3; Plate 41, figs. 10, 11

Gompliscercts indiancnse Millei' and Faber, 1894, Cincinnati Soc. Nat.
Hist., Jour., vol. 17, p. li!'/, pi. 7, lig. ."1-5; Harper and Basslei-, 189u,

Cat. Foss. Trenton and Cincinnati Periods occurrnig in the Vicinity of
Cincinnati, Ohio, Cincinnati, p. '11; Nickles, iyu2. Cincinnati tSoc. Nat.
Hist., Jour., vol. 20, p. 9;>; Cuniings, 1908, Indiana Dep. Geol. Nat.
Res., Ann. Eep. 32, p. 1030, pi. 19, fig. 4, 4b; Bassler, 1915, U. B. Nat.
Mus., Bull. 92, vol. 1, p. 560.

Dientoceras indianense Foerste, 1924, Denison Univ. Bull., Sci. Lab.,

Jour., vol. 20, p. 263 {parti), pi. 25, iig. lA-B; pi. 26, lig. 2A-B.
(Not pi. 26, fig. lA-B.)

The holotype of this species is missing, and not one of tlie

specimens of Dicstoceras available for the present study agrees

with the original tigure in combining the shell size inchcated with

the depth of the camerse shown. Hovvcver, a series of specimens

which constitute a species agree quite closely with the original

description in the proportions of the living chaml>er, ant! D. iii-

dianense is recognized here, though of necessity tentatively, pentl-

ing the rediscovery of the type specimen. These forms differ

from the original illustration mainly in possessing deeper camene.

It may be that the camera; have been represented as too closely

spaced on the original drawing. l~heir s[)acing is n(jt emphasized

in the original description. Nevertheless, inasmuch as indiancnse

is the genotype of the widely known genus, Diestoceras, it seems

best to retain the name particularly in view of the fact that the

characters of Diestoceras will not be altered at all on the basis of

the question as to which of the large Diestoceras species of the

upper Richmond is properly the genotype.

Description.-—Tlie shell is compressed in section, the venter

slightly more narrowly rounded than the dorsum. In profile the

venter is slightl}' concave adapically, becoming straigiit and then

faintly convex as the base of the mature living chamber is ap-

proached. Over the living chamber the venter is convex ami

approaches the dorsum gradually at the aperture. Hie dorsal

profile is convex adapically and more uniformly curved, thougli

becoming slightly less curved in the adoral half of the living

chamber. The sides are slightly convex in profile, more curved
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adapically than adorall}. The greatest siiell width is attained at

or slig-htly apicad of the I)ase of the livin.'^- chaniher ; die greatest

height occurs just orad of the base of the Hving chamber.

The early part of the shell is displayed in a specimen, essential-

ly a topotype, shown on Plate 41, ligs. 10-11. luglit camerre arc

preserved, the phragmocone being 52 mm. long dorsally and 43

mm. ventrally. l^^xcept for the last camera, which is shortened

gerontically, these increase gradually in depth orad. The phrag-

mocone in this length increases in lieight from 25 mm. to 53 mm.

The dorsal wall of the shell continues for 35 mm,, but the aperture

is evidently not attained. The siphuncle, clearly shown here, is

composed of broadly quadrangular segmentf^, wliich are scalari-

form very much as in Dicstoceras scalarc of the Rich-

mond (Vaureal) of Anticosti. The necks are strongly recurved

on the dorsum, much more so than on the venter. At the adapic-

al end of the siphuncular segment the connecting ring is broadly

adnate ventrall}- but not dorsally. This specimen shows annuli

at the septal foramen which give rise to irregular actinosiphonate

processes, though these processes have not been observed to be

as complexly developed as in D. scalarc.

Another specimen (Univ. of Cincinnati, No. 24480, pi. 36, fig.

3), though flattened on one lateral surface, displa\s the same pro-

file and retains a complete living chaml>er. The phragmocone re-

tains seven ephebic camer?e and one gerontic. In the adoral six

camerse, which occupy dorsal and ventral lengths of 38 mm. and

30 mm. respectively, the height of the shell increases from 34 mm.

to 51 mm. The living chamber has a length of 42 mm., increas-

ing to a maximum height of 53 mm., and contracting toward the

aperture. At the aperture the shell is retained as a carbonaceous

film and bends strongly inward, a feature characteristic of

most Diestoceras. The height of the aperture is estimated at .::|5

mm., but it is not quite complete ventrally.

A tliird specimen retains the original propositions more closely

(Univ. of Cincinnati, No. 24479, P^- 3^, figs. 1,2) but has been

flattened very slightly obliquely. The phragmocone of six camera

has a ventral length of 34 mm., a dorsal length of 36 mm. The

living chamber increases from 51 mm. and 56 mm. to 52 mm. and

57 mm. shortly above its base and contracts to a slightly distorted
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aperture estimated at 40 mm. an<l 32 mm. The 1611,^411 is between

38 mm. and 40 mm. The phragmocone increases from 44 mm.
and 40 mm. to 56 mm. and 51 mm. This specimen appears less

curved and shows an angular bend separating the expanding part

of the shell from the contracting living chamber. These are re-

garded as the results of slight distortion. In section, this form

shows the ventral sipliuncle but its outline is poorly preserved,

represented only by faintly darker material, and while the struc-

ture is not particularly clear there is indication of segments simi-

lar to those shown in the first of the specimens discussed above

and also of faint actinosiphonate deposits. The septa, as can read-

ily be seen, are broken and disjilaced slightly internally.

Discussion.—Diestoccras iiuiiancnsc was originally separated

from Dicstoceras cos largely upon features which are unnatural

and are largely due to the distortion of the holotype of D. cos.

However, Miller and Faber present measurements of the living

chambers of a specimen which they recognized, probably correct-

ly as D. eos and also measurements of their type. It is evident

from these that D. indiancnsc has a mature living chamber whicli

is considerably shorter than tliat of D. eos and also somewh:it

smaller in both height and width. Further, in D. indiancnsc the

ventral side of the phragmocone is evidently either straight or

slightly concave, wJiile in typical D. eos it is onl}- slightl\' less

curved and less convex than is the dorsum. The original figure

of D. indianense represents the species as possessing extremely

shallow camerae. Since the t}pe cannot be located the accuracy

of the drawing could not be checked. However, the presence of

a number of specimens which agree in other features with D. in-

dianense, but possess slightly deeper camer?e, suggest very strong-

ly that the drawing was inaccurate in this matter. Two of tlic

three specimens studied by the writer are from the Faber Collec-

tion in the University of Cincinnati Museum. These are apparent-

ly not, on historical evidence, any of the specimens upon wliich the

original description was based. Such specimens were a part of

Faber's first collection, sold to the University of Cliicago, which

has one unfigured specimen of this species indicated as a "cot> pe."

The Faber specimens in the University of Cincinnati collections
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were obtained at a later date from Little Four Mile Creek, a local-

ity not mentioned in connection with the original description of

D. iruiiancnsc. The one topot} pe was collected by the writer in

the Saluda at Versailles in 11J38.

D. shideleri is a somewhat more slender form with a less gib-

bous living chaml)er and in which the camerse are somewhat

deeper and the living chamber considerably longer. D. eos is a

larger and more gibbous species with a much longer and more

gibbous living chamber. One of the specimens which Foerste

(1924) figured as D. indianense (Foerste, 1924, pi. 26, fig. lA-

B) is atypical and is here referred to D. cos, as it has the longer

and more inflated living chamber which characterizes that spe-

cies.

Types.—Holotype, location unknown. Paratype, Univ. of Chi-

cago (unfigured), No. 8818. Hypot\pes, Univ. of Cincinnati

Nos. 24479, 24480.

Occurrence.—The holotype is from Versailles, Indiana, from

an unspecified horizon probably either lower Whitewater or Sal-

uda. Hypotypes are from the lower Whitewater of Little Four

Mile Creek, near Oxford, Ohio, and from the Saluda of Versailles,

Indiana. I have not been able to recognize the species from any

specimens of the upper Whitewater or Flkhorn beds.

Diestoceras eos (Hall and Whitfield)

Plate 34, figs. 1, 6; Plate ?,5, fig. 9; Plate :>7, fig. 10; Plate 38, fig. 7;
Plate 39, fig. 10

Gomphnceras eos Hall and Whitfield, 1875, Ohio Geol. Surv., Paleontology,
vol. 2, p. 100, pi. 3, fig. 5; Ulrich, 1880, Cat. Foss. occurring in the
Cincinnati Group of Ohio, Indiana and Kentucky, Cincinnati, p. 21;
James, 1886, Cincinnati Soc. Nat. Hist., Jour., vol. 8, p. 244; Harper
and Bassler, 1896, Cat. Foss. Trenton and Cincinnati Periods occur-
ring in the Vicinity of Cincinnati, Ohio, Cincinnati, p. 27 ; Nickles,

1902, Cincinnati Soc. Nat. Hist., Jour., vol. 20, p. 95; Bassler, 1915,
U. S. Nat. MuR., Bull. 92, vol. 1, p. 560.

Biestoceras eos Foerste, 1924, Denison Univ. Bull., Sci. Lab., Jour.,
vol. 20, p. 265, pi. 28, fig. lA-B.

Biestoceras indianense {pars) Foerste, 1924, ihid., p. 263, pi. 26, figs.

1-2.

Biestoceras cf. indianense Foerste, 1924, ibid., p. 265, pi. 27, fig. 2.

The holotvpe of Dicstoceras eos is a shell which has been wid-

ened greatly b\ flattening. The specimen is 117 mm. long. Of
this lengtli the basal 11 mm. represents a septal surface the curv-

ature of wliich has Ijcen greatly exaggerated by flattening. The
phragmocone has a basal width of 41 mm. Its length is 45 mm.
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on the supposed dorsum and 40 mm. on the supposed venter.

Orientation is assumed here by the fact that in undistorted speci-

mens of Diestoceras the septa are characteristically shorter on the

venter. The phragmocone contains seven camerje which vary

slightly and irregularly in length. At the base of the living

chamber the shell is 70 mm. across. About 25 mm. above the

base the maximum width of the shell, 75 mm., is attained. The

aperture is obscure, but at the adoral end of the living chamber

the width is 58 mm.
The original shape of the shell is probably most closely approxi-

mated in the specimen which Foerste (1924, p. 26, fig. lA-B)

figured as D. indianense (PI. 34, fig. 6). The dorsum is slightly

and uniformly convex, the venter is faintly concave adapically

owing to the rapid development of the gibbous area, and more

strongly .convex than the dorsum over most of the specimen. The

greatest height and width are attained slightly orad of the base of

the living chamber. The phragmocone, consisting of eight normal

and one gerontic camerae, occupies a ventral length of 48 mm. and

a dorsal length of 51 mm. In this interval the shell increases from

a height of 33 mm. and a width of 29 mm. to a height of 60 mm.
and a width of 52 mm. The living chamber has a ventral length of

39 mm., owing to the deep hyponomic sinus, and a length else-

where of about 43 mm. The aperture, measured just

prior to its abrupt rounding inward, has a length of 50 mm. and a

width of 37 mm., but is slightly compressed by pressure. The hy-

ponomic sinus is well developed. The septum at the base of the

specimen exposes the siphuncle close to the siphonal side of the

shell. The phragmo,cone bears faint linear impressions interpret-

ed as the molds of cameral deposits.

A second specimen figured by Foerste, as D. cf. indianense

(Foerste, 1924, pi. 2y, fig. 2) fails to expose the phragmocone but

shows the surface of the shell on the dorsum as well as the shape

of the early part of the shell. The septum is 90 mm. in length,

expanding from 18 mm. near the base to 58 mm. in a length of 55

mm. In this length gibbosity is attained, the shell expanding

rapidly so that the sides become faintly concave adapically.

Farther orad, the sides become .convex. Adorally the shell is in-

complete. (PI. 39, fig. 10.)
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A slightly atypical specimen ( I'l. 34, iii^^. i) represents a shell

which has been flattened obliquely so that the venter is slightly

to the left of the center of the best presei"ved side. This shell

expands from a widh of 42 mm. to 64 mm. in the length of the

phragmocone which contains ephebic camerse and one gerontic

camera. The camerae are shallower basally and deeper adorally

than in other specimens of the species. The living chamber has

a ventro-lateral length of 43 mm. and displays the hyponomic

sinus clearly. The aperture in its present condition has a width

of 55 mm. The living chamber attains its greatest width of 65

mm. slightly above its base. The internal mold retains traces of

the growth lines which swing apicad on the venter forming the

hyponomic sinus.

Another specimen shows a somewhat broader and more gibbous

phragmocone, a feature which is regarded as the result of slight

distortion, as the specimen was found nearly vertical in the bed

from which it came. This shell has a phragmocone of nine cam-

er?e, the last gerontically shortened, expanding from 44 mm. and

38 mm. to 64 mm. and 59 mm. The living chamber is incomplete

but extends 35 mm. farther orad. (PI. 37, fig. 10.)

Several portions of phragmocones doubtfully assigned to this

species have been sectioned. None shows the siphuncle with par-

ticular clarity. However, they are adequate to show that the seg-

ments are typical in form, being essentially rectilinear in section

and scalariform. They are broadly adnate to the septum adorally

on the venter and adapically on the dorsum. Deposits are pres-

ent in the siphuncle. These begin as annuli at the septal foramen

but subsequently send out irregular processes which extend orad

and apicad of the original annulosiphonate ring.

Discussion.-—^Much perplexity has attended the determination

of tlie limits of this species, owing largely to the varied effects of

distortion upon the shells. Indeed, no two specimens have been

found showing precisely the same proportions. This is in part

due to the dififerent positions in which the various shells were

buried and the different directions in which flattening has conse-

quently occurred. Most of the specimens are from the arenaceous

shales of the lower Whitewater l)eds in which shells are us-

ually more or less distorted. Further, among these specimens
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there is indication of apparent lengthening and sometimes contrac-

tion of the length of the camerse. This condition cannot occur

in the flattening of a normal shell but may occur if the shell is

first dissolved and its mud-filled internal mold is distorted. Simi-

lar phenomena have been observed in the asso,ciated Charactocer-

as baeri.

Foerste (1924) was in some doubt as to the validity of a dis-

tinction between D. indianense and D. eos. He figured the badly

flattened holotype of D. eos but did not recognize any other speci-

mens as conspecific. He did figure a considerable suite of speci-

mens as D. indianense, all of which were relatively well preserved.

With a larger series of specimens available for study, it was possi-

ble to trace a series showing progressive flattening of the shell

from a relatively unaltered shell to the holotype. On the basis of

such specimens I have included under D. eos some of the speci-

mens which Foerste figured as D. indianense. Miller and Faber

(1894) correctly recognized that their holotype of D. indianense

was distinct from D. eos having considerably smaller maximum

diameters and a somewhat shorter living chamber. Further differ-

ences are found in the shape of the shells. In D. indianense the

venter is distinctly concave adapically, and the living chamber is

relatively slender, not being so strongly inflated nor so strongly

contracted as it approaches the aperture. Further, the camerje

in D. indianense are more uniform in depth, the phragmocone ex-

pands more gradually, without developing concave lateral pro-

files, and the venter is almost uniform in its curvature through-

out the phragmocone, though becoming typically slightly less

curved along the living chamber.

D. shideleri, on the other hand, is a species which approaches

D. eos in size but retains the concave venter of D. indianense in

the early part of the shell. Its camerse are appreciably deeper

than those of ephebic D. eos, and the living chamber is much less

gibbous. Admittedly, badly distorted specimens cannot sometimes

be assigned either to D. eos or to D. shideleri with absolute cer-

tainty, particularly as distortion may apparently elongate speci-

mens of D. eos so that their camerge approach those of D. shi-

deleri in length. However, in such flattened specimens the more
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slender living cliamber of D. shidclcri serves usually to distinguish

the species, for in flattened D. eos the living chamber contracts

strongly toward the aperture.

In view of the distorted condition of most specimens of D. eos

it is difficult to draw a clear distinction between it and species

from other regions. F^robably the closest is D. scalare of the

Viaureal formation of Anticosti. This form has the gibbosity lo-

cated higher on the shell and has somewhat deeper camerse.

Happily most boreal species are much larger and quite differ-

ent in aspect from D. eos, though closer to it in the general sym-

metry of the shell than to the more easily oriented D. shideleri or

D. indianense.

Types.—Yio\oty\)e, Ohio State University, No. 3082. Hypo-

i:ypes, Shideler Collection, five specimens, Univ. of Cincinnati,

Nos. 1 71 76, 24500.

Occurrence.—This species ranges throughout the White-

water. One specimen, suggesting the Saluda in lithology, is from

Versailles, Indiana. Lower Whitewater specimens are from Lit-

tle Four Mile Creek and Dodge's Creek near Oxford, Ohio. Up-

per Whitewater forms are from McDill's and Dodge's Creek. The

holotype is from an unspecified horizon near Dayton, Ohio. The

lithology suggests overwhelmingly the cephalopod beds of the

lower Whitewater.

Dicstoccras shideleri Foerste Plate 38, figs. 1, 8

Biestoceras shideleri Foerste, 1924, Denison Univ. Bull., Sci. Lab.,

Jour. vol. 20, p. 266, pi. 27, fig. lA-B.

This is a large Diestoceras characterized by the deep ephebic

cameras and the relatively slight contraction of the aperture. In

profile the venter is faintly convex throughout, less curved adoral-

ly. The dorsum is strongly convex over the phragmocone, the

curvature decreasing on the living chamber. The living chamber

is not strongly inflated nor contracted at the aperture ; the great-

est shell height is attained near its middle. A hypotype, consist-

ing of an incomplete but undistorted shell from the Saluda, in-

creases from 44 mm. and 39 mm. to 56 mm. and 46 mm. in the

lengtli of five cameree of the phragmocone, in a length of 38 mm.
ventrally and 30 mm. dorsally. The living chamber is 52 mm.
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long" laterally, increases in liei,L(lit to 6o mm. near its center. It is

incomplete adorally, but the aix:rture is estimated at 55 mm. in

height.

The siphuncle is ventral. Its structure has not been observed.

The tiiree basal camera; arc subequal in length; the last two arc

slightly shorter.

A second specimen, somewhat badly flattened, retains seven

camerae in a ventral length of 55 mm. and a dorsal length of 40

mm. The living chamber has a length of 53 mm., a basal height

of 65 mm., which increases to 68 mm. and contracts to 58 mm. at

the aperture. The hyponomic sinus is well develo[>ed, and the

shell curves inward at the aperture.

Discussion.—The liolotype of D. shidelcri is not available for

the present study, but Foerste's original illustration and descrip-

tion leave little doubt as to its identity. In size the species approxi-

mates D. COS and exceeds D. indianense. However, in fonn the

phragmocone shows the marked dorsal convexity which suggests

D. indianense. The living chamber is longer and less gibbous

than in either species and shells consisting only of phragmocones

can be recognized by the relatively deep camerse. Foerste believed

that the phragmocone was very rapidly expanded. A specimen

retaining seven camera indicates that it is relatively slender at

least in the middle part of the phragmocone.

Type.—Holotype, U. S. National Museum. Flypotypes, Shid-

eler Collection and Univ. of Cincinnati Museum, No. 24508.

Occurrence.—From the lower Whitewater, Little Four i\lile

Creek, and from the Salu la of McDill's Mills. Additional speci-

mens include one shell frvjm a point a few inches below the base

of the Saluda at Madison, Indiana, regarded by the writer as

lower Whitewater.

Diestocera.s cf. shideleri Foerste Plate 39, fig. 3

The onl}' large Diestoceras thus far known from the Elkhom
beds is a large badly flattened shell incomplete adorally. In it?

present condition the sliell is apparently depressed, the dorsum

being the best preserved surface. Orientation by the siphuncle

and aperture is impossible, since neither are well enough pre-

served, but the camerse are typically deeper on the dorsum in
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Diestoeeras. The phragmocone increases rapidly in width from

52 mm. to y2 mm. in 35 mm. The three adoral camerge are sub-

equal in depth and are 25 mm. long dorsally and 19 mm. ventral-

ly. The Hving chamber retains a small part of the aperture, show-

ing its dorsal length as 55 mm. The sides are preserved only for

the basal 35 mm. The shell expands very slightly alcove the base

of the living chamber attaining a width of 74 mm. and then con-

tracts slightly to 71 mm. The sides do not seem to be approaching

each other strongly adorally. The shell surface shows the coarse

transverse markings typical of the genus.

Discussion.—This single Elkhorn specimen is too badly dis-

torted to be identified with certainty and is discussed here large-

ly because of the importance of the few known Elkhorn cephalo-

pods. The deep camerse and the very slight gibbosity of the liv-

ing chamber suggest D. shideleri and set this form apart from

D. eos and D. indiancnse. However, the difference in the dorsal

and ventral length of the camerse is greater than in typical D.

shideleri, the gibbosity is attained lower on the living chamber,

most of the length of which is given over to a gradual contraction

as the shell approaches the aperture. In view of these dififerences

it appears probable that this form will prove to be a distinct spe-

cies when it is studied from better material.

Figured specimen.—Collection of Dr. W. H. Shideler.

Occurrence.—From the Elkhorn beds, Seven Mile Creek, Ea-

ton, Ohio.

Diestoceras attenuatum Flower, n. sp. Plate 39, fig. 7

The holotype is a shell 85 mm. in length of relatively slender

form. The basal four camerae are displaced and somewhat dis-

torted, but suggest a rather rapid initial expansion, the shell in-

creasing from 25 mm. and 19 mm. to 38 mm. and 28 mm. in this

interval of 17 mm. The venter is uniformly and slightly convex

over the remainder of the shell, the dorsum is slightly less strong-

ly curved. The adoral part of the phragmocone, consisting of five

camerae, 30 mm. long on the dorsum and 22 mm. on the venter,

increases from 38 mm. and 28 mm. to 42 mm. and 31 mm. The

living chamber has a length of ;|0 mm. on the ilorsum. The aper-

ture is incomplete ventrally but was between 25 mm. and 30

mm. in height. The lateral lobes are vestigial, the siphuncle
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ventral. The sutures, as is usual in the genus, are shghtly closer

dorsally than ventrally.

Discussion.—This species is smaller and more slender than the

associated D. cos, D. slridelcri, and D. indianensc. The Jaolotype

shows no contraction of the adoral camerse but by its dorsal pro-

file is close to maturit}'. The form may be readily recognized b}-

its proportions. In addition to the holotype, only one other

specimen aniong our material appears to belong to this species.

This consists of a phragmo.cone 40 mm. long containing eight

camerae and the base of a living chamber 28 mm. long. The shell

has been widened considerably by flattening but shows the same

spacing of cameras exhibited by the holotype. The adoral part of

the living chamber of the holotype was badly broken and has been

somewhat restored. The exact condition of the curvature of the

ventral profile near the aperture is uncertain and may have been

somewhat less than the present illustration suggests. The aper-

ture is clearly preserved on the dorsum, where it is preserved as

the carbonaceous film common among apertures in Dicstoccras.

Type.—Holotype, University of Cincinnati, No. 2452^.

Occurrence.—Lower Whitewater beds, Little Four Mile Creek,

near Oxford, Ohio.

Diestoceras cyrtocerinoides (Flower) Plate 29, fig. 3; Plate 38, figs. 2, 3

Wetlierhyoceras (.<') cyrtocerinoides Flower, 194o, Ohio Jour. Sci., vol.

43, p. '55. pi. 1, figs. 9-11.

This species is known only from the holotype, a small com-

pressed phragmocone which is essentially straight. At the base

the shell is 21 mm. higli and 16 mm. wide. In a siphonal length

of 16 mm. and an antisiphonal length of 18 mm. the conch in-

creases to a height of 33 mm. and a width of 29 mm. The great-

est width is attained ventrad of the center of the cross section,

and the dorsum, the antisiphonal side, is more narrowly rounded

than the venter. Parts of five camerte are presei'ved with the

adoral end retaining some matrix suggesting that the cameras

were followed by a living chamber which has been weathered

away. The siphuncle, close to the assumed ventral side, is made

up of broadly expanded segments. The septal necks are long.
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strongly i-ccurvcd, so that tlic length of the hiini is great while

the length of the neck, in its adapical extent, is very slight. The
recurved brims are, however, free from th.e septum though only

narrowly separated. On the venter the connecting ring leaves the

tip of the neck swinging at once apicad ; on the dorsum the ring

expands before swinging apicad. At the adapical end of the seg-

ment the ring is broadly adnate ventrally but is free dorsally.

Small annulosiphonate deposits occur at the septal foramina.

Small patches of the same material occupy the inside of the si-

pliuncle, but whether they represent actinosiphonate structure, or

whether they are inorganic and adventitious in their similarity to

the annuli is uncertain from the single specimen available. An
cUK^malous feature of the specimen is the irregularity of spacing

of the septa. The fourtli camera is very much shorter than any

of the others, and its septum is poorly preserved. The form

of th.e segment is here indistinct, !)ut the last siphuncular segment

is similar to the earlier ones.

Discussion.—No additional material of this species has been

available since its original description. However, study of other

material has necessitated a revision of its taxonomic i)Osition.

The species was originally referred to Ji'etherhyoceras with

doubt, because it was recognized that the structure within the

siphuncle was practically identical witli that of such species as

Oonoceras sccleyi Ruedemann whicii were related to Jl'ctJier-

byoccras as described by Foerste. Subsequently the author de-

scribed the genus Valcouruccras in which this and allied spe-

cies fall. However, in one important respect this species is atypi-

cal of Valeoxiroceras and in fact the entire Valcouroeeratidae, the

smaller interval occupied b\- the cameras on the venter than on

the dorsum. As this feature is known only in Dicstoceras, I

have no hestitation in removing the species to this genus. In the

rapid rate of expansion it is probably most comparable to early

stages of the large Richmond species, D. cos, D. shidclcri, D. iii-

(Jianeiisc, and D. attenuatur,i. All of these except D. cos tliffer

from D. cyrtoccrinoidcs in showing a deflnite convexit}' of the

dorsum and concavit\- of the venter in early stages commensu-

rate with the part of the shell known in this species. The camerse

of D. COS are known in a commensurate part of the shell, which
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is quite similar in rate of expansion but has deeper .camerae, and

clearly differs in that the venter is more narrcnvly rounded than

the dorsum in cross section.

This small and inadequately known species is extremely sig-

nificant, in that in a shell with the proportions of a Diestoccras

and apparently closely related to the large typical species which

form the nucleus of this genus, the internal structure is essentially

that of the older genus Valcouroceras. This presents the only

evidence in support of the hypothesis proposed by the writer that

the DiestOrCeratidee may have arisen from the secondarily cyr-

tochoanitic cephalopods and even suggests further that it may

have sprung from Valcouroceras of the Chazyan. However,

more observations on the early stages of more species are badly

needed before the relationship of the Diestoceratida can be es-

tablished satisfactorily.

Type.—Holotype, University of Cincinnati, No. 23971.

Occurrence.—From the Hitz layer, at the top of the Sahula,

at Madison, Indiana.

Diestoceras waynesvillense Flower, n. sp. Plate 41, fig. 9

This species is known from a single somewhat flattened but

relatively complete shell with a maximum length of 102 mm.

The shell is somewhat compressed by pressure. At the base it

is 26 mm. high and 19 mm. wide. In the 50 mm. of the phrag-

mocone the height increases to 50 mm., the width to 32 mm.

;

flattening is marked here. Farther apicad a width of 36 mm. is

attained. The living chamber is 48 mm. long, incomplete adoral-

ly, 50 mm. high at the aperture and of undetermined width. The

shell is convex in all profiles throughout its length, but less curved

apicad than elsewhere. The greatest diameters are attained near

the middle of the faintly gibbous living chamber. The sutures are

straight and transverse. The camerpe are obscure, but near the

base two subequal camerje occur in a length of 9 mm. The si-

phuncle ,can be seen at the base of the specimen where it is 13

mm. in diameter and 1.4 mm. from the shell wall. The surface

of the shell is preserved in places sufficient to show that it bore
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faintl} rugose and rather irregular transverse ridges which slope

apicad on the siphonal side, even near the base of the specimen, to

fomi a well-defined ]i\[X)nomic sinus.

Discussion.—This rare form is the only large-sized Dicsf-

oceras encountered in the Cincinnati section below the lower

Whitewater beds. It ma\' be distinguished from other forms of

comparable size of the Cincinnati region by its relatively slender

outline.

Type.—Holot}pe, collection of Dr. W. H. Shideler, Miami

University.

Occurrence.—From the Clarkesville member of the Waynes-

ville, from Harper's Branch, Oldenburg, Indiana.

IMestoceras, sp.

l)ic.sioct;nt<i, sp., Flower, 11)412, Bull. Amcr. Palooiit., vol. '2,7, No. hV.',, p.

i58, jil. 1, figs. 5-(i.

No new" information is available for this species, which is

known only as a compressed essentially straight rapidly expand-

ing phragmocone. The siphuncle is ventral, the segments small

for Diestoceras, but typical in their subquadrate form as seen in

section.

Type.—^Univ. of Cincinnati, No. 22699.

Occurrence.—From tlie cephalopod bearing lens in the Poin-

dexter quarry, C}nthiana, Kentuck}, in the Greendale phase of

the Cynthiana limestone.

Diestoceras (?) cdencnse Flower, n. sp. Plate 15, figs. 5, 6

The holotype, the only known representative of this species,

is a small complete brevicone of depressed section. The conch

has a total length of 22 mm. and enlarges in the first 17 mm. to

17 mm. and 15 mm., then contracting to 9 mm. and 12 mm. at the

aperture. The lateral outline is subangular at the point of gib-

bosity, the sides nearix' straight below and only faintl}" convex

above. The concli. is plainly slightly cui'ved, one side being more

convex than the other, but which side is to be regarded as ventral

is uncertain. The aperture is transverse but without any trace of

a hyponomic sinus.
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The sutures avc straif^ht but slope slij^lul}- orad on the more

convex side of the shell. The only clearly preserved camera is

3 mm. (;eep and appears to be located at the base of the living

chamber. The siphuncle is not known.

The surface markint^s are clearly preserved on various regions

of the shell and consist of fine evenl}-' spaced transverse stria; and

lirce which, retain no trace of a hyponomic sinus.

Discussion.—This remarkable little species is of uncertain

generic position. It is atypical of Dicsfoccras in that th.e section

is slightly depressed instead of compressed, and there is no de-

velopment of the hyponomic sinus. Hov/ever, enough of this

form is not known to connect it even remotely with any other

known genus. The specimen is apparently undistorted and oc-

curred in pyritiferous shales of the Eden. The condition of pres-

ervation did not seem to warrant destruction of the si^ecimen in

search of the siphuncle, for pyritiferous specimens of the Eden

frequently fail to preserve any trace of the interior.

Holotype.—Univ. of Cincinnati, No. 22700.

Occurrence.—From the Southgate beds of tlie Eden, Hillside

Ave. Flats, Cincinnati, Ohio.

Diestocer.-js (?) bettinee Flower, n. sp. Plate 9, fig. 8

This species is based upon a flattened living chamber and two

attached camer^e. The specimen is strongly compressed as a re-

sult of pressure. It has a basal height of 19 mm. and a width of

II mm. In the length of 16 mm. it contracts to 10 mm. and 7

mm., the living chamber contracting and being subconical in form.

The tv/o camera; at the base are subcqual and together raeas'are

3 mm. in length. The septum at the base of the specimen is

markedly convex, though this is in part, at least, the result of

flattening. The siphuncle is well exposed and parts of two seg-

ments are seen protruding from the apical septum of the speci-

men. They are elongate, inflated slightl}' within the ,caraerre, and

show traces of possible actinosiphonate deposits. The surface is

unknown. The aperture is poorly preserved ; there is no evidence

of the development of a hyponomic sinus.

Discussion.—This small s]x?cies is unique in the small size and

the subconical contraction of the living chamber aniong Mays-

ville and in fact all L'pper Ordovician forms of the Cincinnati
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area. The llattening has had but httle elYect upon the surface of

the interior, and the stron,^- internal flattening indicates strongly

that the section of the shell was originally compressed. The spe-

cies is not strongly similar to any of those previously described in

Diestoceras but does not suggest an}- other known genus. As is

the case with Diestoceras cdenense, it is probably not congeneric

with the large Richmond species which .constitute typical Diest-

oceras, but enough is not known of this group of smaller species

to permit separating it upon legitimate structural characters at the

present time.

Type.—Holotype, University of Cincinnati, No. 2-1230.

Occurrence.—Fairmount beds, Maysville from Cincinnati,

Ohio.

Dieatoccras rcNorsura Flower, n. sp. Plate 37, fig. 5

This is a small Diestoceras which attains its greatest gibbosity

early and contracts oxer the adoral part of the phragmocone and

the living chamber. At the base of the type the height is 30 mm.,

the estimated width 28 mm. The three camerse preserved occupy

9 mm. on the antisiphonal side and 12 mm. on the siphonal side

of the shell. At their adoral end the height is 28 mm., the width

estimated at 26 mm. The living chamber contracts more rapidly

laterally than the earlier part of the conch. It is 15 mm. long,

and the aperture, though incomplete, can be estimated at a height

of 24 mm. and a width of 20 mm. The siphuncle is poorly in-

dicated at the septum at the base of the specimen. It leaves an

impression there 3 mm. across, probably representing the size of

the expanded part of the slightly compressed segment, and is 3

mm. from the shell wall.

Discussion.—This small species is peculiar in a number of fea-

tures, the low position of gibbosity, the rapid increase in lateral

contraction on the living chamber, the great length of the cameras

on the siphonal side of the shell, and the position of the siphuncle

well removed from the ventral wall of the shell.

lype.—Holotype, Shideler Collection.

Occurrance.—From the Saluda beds. Big Sains Creek, Laurel,

Indiana.
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Diefitoceras (?) vasiforme Flower, n. sp. Plate 37, fig. 1

This is a straight rather slender brevicone, tiie type of vviiich is

6o mm. long. The orientation of the specimen in the absence of

the siphuncle is uncertain. Tlic sutures suggest that the shell is

somewhat flattened, probably laterally. The shell expands from

15 mm. and 13 mm. near its base to 28 mm. and 20 mm. at the

base of the living chamber in a length of 20 mm. The living

chamber has a length of 30 mm., and expands in the Ijasal i>art of

29 mm. and 22 mm., contracting orad to an aperture estimateil at

24 mm. and 18 mm.
The phragmocone consists of nine cameras which arch forward

on one flattened side of the specimen and are straight on the (op-

posite side. The camerse increase gradually in depth orad. No
trace of the siphuncle is preserved. The aperture is preservetl

only in a very small part and fails to show an\' trace of a hypono-

mic sinus.

Discussion—The position of this species is rather problemati-

cal, particularly since its orientation in the absence of the criteria

of the siphuncle and aperture is uncertain. It is quite distinctive

in form and unlike any other species found in the Cincinnatian.

The straight form of the shell and tlie contraction of the aperture

are features by which Diestoceras is customarily recognized, and

the species is, therefore, placed tentatively in this genus. Altliough

a number of small and relatively slender species have been placed

in this genus, there is none which resembles this form particular-

ly closely.

Type.-—^Holotype, Earham Collection, No. 7948.

Occurrence.—No data. Evidently Cincinnatian and very prob-

ably from the vicinity of Richmond, Indiana. The lithology is

strongly indicative of the Saluda.

Diestoceras pupa Flower, n. sp. Plate 41, figs. 3-5

Conch small, erect, breviconic, the holot}pe obliquel}' flattened

slightly by pressure. The type has a length of 22 mm., and ex-

pands from 14 mm. and 10.5 mm. at the base to 19 mm. and 17

mm. in a length of 10 mm., and then contracts to 18 rnm. and 13

mm. at the aperture. The shell is slightly compressed by pies-
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sure, probabl}' only accentuating a slight original compressed

condition. All profiles expand convexly over tlie apical part of

the shell and contract as nearly straight lines converging orad.

The septa are straight and transverse. Eight camera.^ occur in the

lo mm. of the phragmocone, the last three shorter than the otliers.

The siphuncle is marginal, small, its structure not shown. The

surface of the shell bears transverse obscure coarse faintly rugose

annular markings. The aperture is incomplete but preserves a

shallow hyponomic sinus.

Discussion.—This species is among the smallest of the known

species of Diestoceras and resembles Diestoceras scotium Teichert

(1940, p. 112, pi. 5, fig. 15; pi. 6, figs. 4-7). It differs from that

species in the lower position of the point of greatest gibbosity on

the shell and in the greater length of the living chamber in pro-

portion to its diameters. The type is .considerably more flattened

laterally in its present state than is D. scotium, but tliis difference

is largely and perhaps entirely due to distortion of the shell. The

species does not appear to be particularly closely allied to either

of the two Diestoceras known from the Covington subseries of

the Cincinnatian.

Type.—Holotype, Univ. of Cincinnati, No. 23905.

Occurrence.—From the upper part of the Saluda, equivalent to

the upper Whitewater, in southern Indiana. Additional but poor-

er specimens have been found in the Hitz layer at Madison, In-

diana.

Genus DANOCERAS Troedsson

Genotype.—Danoceras ravni Troedsson.

Danoceras Troedsson, 1926, Meddelelser om Gronland, Bd. 71, p. 101.

Hyperoceras Foerste, 1928, Canada Geol. Surv., Mem. 154, p. 815.

Danoceras Foerste, 1929, Denison Univ. Bull., Sci. Lab., Jour., vol. 24,

p. 41; Strand, 19;J4, Norsk Geologisk Tiddskr., Bd. 14, pp. 79, vSO.

The genotype is essentially a straight compressed shell, with a

marginal siphuncle, sutures which develop lateral lol3es separated

by dorsal and ventral saddles, and a living chamber which con-

tracts slightly at the aperture. The most distinctive feature of the

genus is tlie form of the segments of the siphuncle. The necks are

recumbent, in contact with the septa from which they spring, and

probably the adoral end of the connecting ring is at least nar-

rowly adnate to the dorsal septum. The connecting rings become
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free and are straight, approacliing eacli other as seen in section as

they approach the next aciapical septum. They meet tiie septiur.

at the foramen, producing segments which are elongate trapezoids

as seen in section. At the septal foramen there are faint annular

thickenings in t'.ie genotype, which are apparently derived fruvn

the connecting ring, and in otiaer species give rise to irregular and
discrete actinosiphonate rays, though actinosiprionate structure

is not well developed in this genus.

Other species show that the segments of the siphuncle ma\' as-

sume a slightly more convex outline as they pass apicad from one

septum to the next. The shell shov/s very faint traces of endogas-

tric cui"vature, largely in the slightly closer spacing of the septa on

the siphonal side of the shell. The aperture is not well known
in the genotype, but one of the Cincinnatian species shows a faint

sinus on the siphonal side of the shell.

Discussion.—Troedsson based this genus upon a single species

known from a living chamber and a few attached camera?. The
siphuncle was known, and the sutures showed clear lateral loijes,

but tlie aperture was not completely preserved. The form was,

however, evidently an essentially straight compressed brevicone.

Foerste (1928) subsequently named the genus Hypcroccras

based upon H. twenhojcU Foerste of the Vaureal formation of An-
ticosti. The living chamber is inadequately known in this species,

and the shell appears to be a compressed straight orthoceracone,

differing from the Danoceras mainly in having deeper .camera an.d

straight sutures. Foerste subsequently noted that the two genera

were the same but did not refer an}' species to it under citlier

name.

In the Cincinnatian a number of species occur wliich appear to

be best placed in this genus. The most striking is Danoceras

crater of the Leipers formation, a species which is more rapidly

expanding and more convex in profile than either of the two pre-

viously known but retains the distinctive siphuncular segments

of the genus. In aspect the species is close to Dicstoccras but is

atypical in the high position of gibbosity on the mature living

chamber. Associated with it is D. bulbosum, a larger and more

gibbous species, which still has the gently expanding phragmocone

of Danoceras and is again atypical of Dicstoccras in the high po-
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sition of the gibbous region near the aperture of the shell instead

of close to the base of the living chamber.

Danoccras cynlhiancnse agrees with the genotype closely in

the lateral lobes of the sutures. Its internal structure is unknown.

This species is closely similar not only to Danoccras ravni but to

two slightly more gibbous species which have been placed in

Diestoccras. These are small strongly compressed shells and are

iicjt tNj'ical of Diestoccras. Their internal structure is unknown,

but it ma\- easily be that these forms also should be placed in Dan-

occras. The\' are Diestoccras anticostiensc Foerste of the Vau-

real formation of Anticosti and Diestoccras cooperi Foerste of tlie

Whitehead formation of Gaspe. Determination of the proper posi-

tion (>i tliese species must await the discovery of their siphuncles.

A thirrl Cincinnatian species, Danoccras ( ?) gracile, of uncer-

tain horizon is placed here with doubt largely because the species

is not well enough known. It is a small slender fusiform shell,

originally compressed in section, but known only from a flattened

sliell. The species is belieYcd to be from some part of the Ma}'s-

\ille group of Indiana.

On the basis of form, no clear distinction is possible between the

relatively slender compressed shells which constitute Danoccras

and the more gibbous shells which properly constitute Diestoccras.

The siphuncles of the two genera are typically very different.

Diestoccras has broadly expanded segments, scalariform, and

sometimes subquadrate in vertical section. The segments of

Danoccras are slender and trapezoidal. However, the segments

of t!ie siphuncle are unknown for a large number of those species

\','hich appear to be border line cases on the basis of form. At the

present time it is .convenient to have a receptacle for these more

slender forms apart from Diestoccras, as such forms appear to

constitute a natural sn'oup, and further distinctions among the 40

odd species which have been placed in Diestoccras are eminently

desirable. In the present work four Cincinnati species are inchul-

ed in Danoccras, D. cynthiancnse of the Cynthiana limestone, D.

crater and D. hulhosivm. of the Leipers formation, and D. {/)

ijracilc of uncertain position.
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Strand ( 1934) discussed the genus, thou'rh without comparing

it to Diesfoceras, and described three species. D. scandanavicum

(p. 82, pi. II, figs. 9, 10) is internally typical of the genus and

seems quite close to the Cincinnatian Danoceras crater (PI. 10,

figs. I, 2) though slightly more contracted adorally. D. hrcvc

Strand (p. 81, pi. 11, fig. 6; pi. 13, fig. i) is also faintly gibbous

adorally and is perhaps closer to D. bulhosum of the present work.

D. broggeri Strand (p. 80, pi. 8, fig. 6) expands nearly to the aper-

ture where there is a slight rounding of form. This species in its

straight slender form seems closer to Danoceras fzt'enhofeli of An-

ticosti than to any other species.

Danoceras cynthianense Flower, n. sp. Plate 14, figs. 1, 2

Conch a small compressed brevicone. The type preserves in

addition to an incomplete camera at the base, five complete

camerae and a nearly complete living chamber. In form the

straight and evidently slender phragmocone is typical of the

genus ; the living .chamber is somewhat more contracted toward

the aperture than that of the genotype. The shell is 28 mm.
high and 22 mm. wide at the base. In the interval of 17 mm.
occupied by the five complete camerae, the shell first expands to

a height of 31 mm. and a width of 22 mm., and contracts in the

adoral 3 mm. of the phragmocone to a height of 29 mm., while

the width remains unchanged. The living chamber contracts

further to a height of 24 mm, and a width of 18 mm. in its basal

13 mm. The complete aperture was 17 mm. beyond the base of

the living chamber and the apertural diameters are estimated at

21 mm. and 15 mm.
The sutures develop broad rounded lobes which are separated

by narrow rounded saddles on both dorsum and venter, the ven-

tral saddles higher than those of the dorsum. The septa are

relatively slightly curved. The extant camera, except the last,

are 4 mm. in depth. The siphuncle is seen obscurely at the septal

foramen. It is small, circular, and close to the venter. Its struc-

ture has not been observed.

Discussion.—This form differs from other Danoceras in the

contraction of the shell orad from a point slightly apicad of the

base of the mature living chamber. It is typical in the straight

compressed breviconic shell and the lateral lobes of the sutures.
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It is slightl)' more gibbous than the genotype, but the diflferences

are not great. The species is comparable also to species which

have been placed in Dicstoceras, though these are forms with rel-

atively slender phragmocones, lateral lobes, and might as easily

be placed in Danoceras. D. anticostiensc Foerste of the Vaureal

formation of Anticosti is comparable, but this is a smaller species

and a more slender one. D. cooperi Foerste (1926, p. 382, pi. 55,

tigs. 3, 4) of the Whitehead formation of Gaspe is quite similar to

Danoceras cynthiancnse in the strongly compressed section and

the lateral lobes of the sutures. It also approximates this species

in size. Its greatest shell diameters are attained higher on the

shell, the conch is more slender, contracts less rapidly orad, and

the species is slightly larger.

//o/on'/>i''.—Collection of Dr. W. H. Shideler.

Occurrence.—Cynthiana limestone, Cynthiana, Kentucky.

Danoceras crater Flower, n. sp. Plate 8, fig. 3; Plate 10, figs. 1, 2.

This is a moderate-sized species which expands fairly rapidly

to a point near the aperture before contraction begins. The hol-

otype is 54 mm. long, a rapidly expanding straight shell of com-

pressed section. The dorsum and venter are both faintly con-

vex in profile but diverge rapidly. The lateral profiles are faintly

convex but less divergent. The phragmocone is 33 mm. long on

the venter and 29 mm. on the dorsum. It expands from 12 mm.
and 16 mm. to 29 mm. and 35 mm. The living chamber is 20 mm.
in length on the venter. It expands from 29 mm. and 35 mm. to

32 mm. and 40 mm. at the aperture. The greatest height is at the

aperture, although the convex sides give the effect of contraction.

The .cross section of the shell is compressed, the venter only

slightly more narrowly rounded than the dorsum. The sutures

are essentially straight and transverse. Ten camerse occupy the

adoral 28 mm. of the phragmocone, the apical portion lacking all

trace of the sutures. The last camera is slightly shortened, but

the others increase orad in depth from 1.7 mm. to 2 mm. The

siphuncle is small and lies close to the venter. As seen in a trans-

verse longitudinal section the segments expand abruptly at the

foramen, the necks being recumbent. The free part of the seg-

ment is but faintly curved, and the rings approach each other
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apicad, as seen on the two sides in the section, so that they join

the next septum at the foramen. Tlie connecting rings and trie

septal necks cannot i^e clearly differentiated. Probably the neck

is recumbent and the adoral end of the ring also appears to be in

contact with the adoral septum. There are small actinosiphonate

deposits which are hardly more tlian small annulosiphonate

rings with a few short irregular processes. They .clearly spring

from the connecting rings, and in one adapical segment three dis-

tinct rays can be seen extending from a mass of calcareous ma-

terial developing from the adapical portion of one connecting ring.

At other points similar masses are seen, but the actinosiphonate

nature of the deposit is not evident. There is no trace of cameral

deposits.

The aperture bears a faintly developed hyponomic sinus. The
shell is preserved in part but shows no surface markings.

Discussion.—^This species expands much more rapidly than the

previously described species assigned to Danoccras but is placed

in this genus because of the form of the segments of the siphuncle.

The straight sutures recall D. hvenhojeli, but the shell expands

more rapidly, the cameras are shorter, and the profiles of that spe-

cies are straight and not convex. No species of Diestoceras is

closely comparable. From typical Diestoceras this species is dis-

tinguished by tlie lack of a real apertural contraction and the form

of the segments of the siphuncle. The species resembles Danoc-

eras scandavicum Strand of the Gastropod limestone of Nor-

way more closely than any other described species, but that spe-

cies is larger and differs somewhat in proportions.

Type.—Holotype, Univ. of Cincinnati Museum, No. 24225.

Occurrence.—From the limestone immediately above the Tc-

tradium reef beds of the L.eipers formation, on the Cumberland

River, just downstream from the ferry at Rowena, Kentucky.

Collected by W. FL Shideler and the writer, 1942.

Dimoceras bulbosuin Flower, n. sp. Plate 17, fig. IG

Conch breviconic, compressed, essentially straight. The phrag-

mocone is relatively slender, the living chamber strongly gibbous,

the greatest shell diameters occur v/ell orad of the middle of the

living chamber. The supposed dorsum is faintly convex through-
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out its length. The supposed venter is convex over most of its

leng'th but becomes sHghtly concave near the aperture. The sides

are diverj^ent, nearly straig^ht adapically but become convex

over the living chamber. The holotype has a maximum length

of 53 mm., of which the adoral 30 mm. pertain to the living cham-

ber, the remainder to an incomplete and very imperfectly pre-

•served phragmocone. The living chamber increases from 38 mm.
and 31 mm. to 44 mm. and 2,3 nim. and then contracts to 41 mm.
and 28 mm. at the aperture. The aperture is slightly oblique,

sloping slightly apicad from the convex side to the concave side.

No clear hyponomic sinus is developed.

The sutures are essentially straight and transverse. Only two

ridoral camera? are well preserved; the}- are both 3.5 mm. in

length. No trace of the siphuncle remains. The interior of the

phragmocone is extensivel}' recrystallized in the type and only

known specimen. The surface appears smooth, but encrusting

algje m.a}' have obscured any original markings.

DisciissioK.—Thi? form is a relatively gibbous one, and in this

resj>ect, is atypical of Danoceras. However, the phragmocone is

relatively gradually expanded, and tl^e gibbosity is high on the

living chamber. In these respects the genus agrees more closely

with Danoceras than with typical Diestoceras. The species ap-

pears to have no close relatives in American Ordovician faunas

but is most similar to Danoceras stivrmeri (Strand) originally

described as a Diestoceras.

Type.—Holotype, Univ. of Cincinnati, No. 24323.

Occurrence.—From the Leipers formation at the Painted

Cliffs, on the south side of the Cumberland River west of Horse-

slioe Bottom, Kentucky.

Danoceras (?) gracile Flower, n. sp. Plate 41, fig. 8

This is a small straight breviconic shell, laterally flattened. The

dorsum and venter are slightly convex throughout, though near-

ly straight adapically where they diverge moderately. Gibbos-

ity is attained just apicad of the base of the living chamber. The

shell expands in its present .condition from a height of 13 mm.

at the base to a maximum of 18 mm. in a length of 15 mm. and

contracts to 16 mm. in the next 15 mm., not quite attain-
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ing the aperture. The phragmocone has a ventral length of

20 mm., a dorsal length of 17 mm. At its base the living cham-

ber is 18 mm. high. It has a maximum (lateral) length of 12

mm. Apparently most of the living chamber is presei"ved, but

the aperture is not shown. The siphuncle lies close to one side

of the specimen and supplies the only basis for its orientation.

The eight camerse of the phragmocone scarcely vary from the

average depth of 2 mm. Lobes are developed in the sutures on

the right side of the specimen. These are lacking on the oppo-

site side and are evidently the effect of distortion.

Discussion.—This shell is placed in Danoceras because the

slender phragmocone and gradually contracted aperture seem to

suggest this genus more than any true Diestoceras. The form is

known only from the flattened holotype. No closely allied spe-

cies are known. The shell is one of the smallest species placed

in Danoceras. In size and shape it is perhaps most closely ap-

pix)ximated by the larger Diestoceras vasijorme which has the

aperture more contracted and then produced and also has much
shorter camerje. Diestoceras bettince is comparable in the low

position of gibbosity, but is a larger species, and one which has

a nummuloidal siphuncle, which, together with the stronger con-

traction of the aperture, has caused me to retain it in Diestoceras.

Types.—Univ. of Cincinnati, No. 24473.

Occurrence.—From an unknown locality in the Cincinnatian

of Indiana. The lithology, consisting of arenaceous shale, is not

diagnostic. The specimen, from the collection of the Cincinnati

Society of Natural History, was associated with the two small

species here described as Vaupelia ( ?) minutum. Since Vau-

pelia is known only from the Covington, it is possible that this

species is also from this part of the section.

Superfamily DISCOSOROIDEA Flower

The superfamily Discosoroidea was erected for the reception

of a group of ,cyrtoconic cephalopods characterized by

broadly cyrtochoanitic and usually rather large siphuncles

throughout life. The earlier members of the group are marked

by the thickening of the connecting ring, usually by addition

to the outer or cameral surface. Also there may be an-

nulosiphonate deposits as in the Cyrtogomphoceratid<e and West-
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onoceratidae. Higher members of the group may lose both the

thickening of the connecting ring and the annulosiphonate de-

posits but possess endocones instead. Morphologically the group

is rather diverse. From other cyrtoconic cephalopods of the

early Paleozoic, the Discosoroidea may be distinguished by the

appearance of broadly expanded siphuncular segments in the

earliest known growth stages. The large broadly expanded

siphuncles sometimes suggest the Actinoceroidea ; indeed, Dis-

cosorus was originally regarded as an actinoceroid. However,

the discosorids are largely cyrtoconic forms, while the actinocer-

oids are essentially orthoconic. The discosorids fail to show a

siphonal vascular system and possess no perispatium. The early

stages are as yet poorly known, but there is clearly no such large

blunt apical end as is found in the larger Actinoceroidea.

The Discosoroidea was originally recognized as one of two

groups of early Paleozoic cephalopods which have broadly ex-

panded cyrtochoanitic siphuncles throughout life. There is no

indication that they have any relation to the Actinoceroidea, the

only other group of cephalopods with similar cyrtochoanitic si-

phuncles which appears in the Ordovician. Teichert (1933) pro-

jiosed that the Actinoceroidea were more closely related to the

endoceroids (in the broad sense) than to any other cephalopods.

Although this view has been opposed by Schindewolf (1934) and

Kobayashi (1935, 1936, 1937) their objections do not appear

altogether valid. .Subsequently the writer (1941) traced the an-

cestry of the Actinoceroidea through Polydesmia to the Bathmo-

ceratidcc and ultimately to the Ellesmeroceratidae. While the

Rllesmeroceratidse are not considered endoceroids at the pres-

ent time (Flower, 1941), the term being restricted to cephalo-

pods possessing endo,cones, they were grouped with the endocer-

oids at the time when Teichert made his proposal.

The origin of the Discosoroidea, however, is still very uncer-

tain. There is not at the present time adequate evidence to war-

rant placing them either with the Stenosiphonata or the Eurysi-

phonata. The small early stages would suggest the Stenosiphon-

ata but are hardly to be considered conclusive. The Sactocera-

tida^ of the Actinoceroidea diffc'- from other members of that

superfamily in having minute early stages, the shell beginning at
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a diameter of less than 5 mm., while in more typical, and pi'e-

sumably more generalized actinoceroids, the tip of the shell is

bluntly rounded becoming tubular only at a diameter of 15 ri:m.

or more.

Morphologically the discosorids are an exceedingl}- diverse

group. The siphuncle ma}' be on the convex side, the concave

side, or may be centrally located. The necks are never so long as

in the Actinoceratidae, but the outline of tlie se^^aiients at the si-

phuncle is more like that of the Armenoceratidse v/ith short necks

and sometimes extensive brims. The deposits of the siphuncle

vary among the different families and sometimes within the gen-

era. The thickened rings appear alone in the Chazyan Ruede-

mannoceratidee. To these are added parietal annulosiphonate

deposits in the Westonoceratids and Cyrtogomphoceratidse.

Some species of Faberoceras possess endocones in addition. En-

docones alone mark the Lowoceratidje and Discosoridae of the

Silurian. Schindewolf (1943) has reported diaphragms cross-

ing the central canal of a Devonian Endodiscosorus, but other-

wise the group is not definitely known in the Devonian, though

it is possible that Alpenoceras and its allies may belong to this

stock.

At present the Discosoroidea contain all of the early Paleozoic

cephalopods with broadly expanded siphuncular segments

throughout life vvhich are not actinoceroids. The grouping w^as

first recognized, but not named, on the basis of the study of the

Chazyan cephalopods of the Champlain Vallc)-. There an associ-

ation w^as encountered which was unique for the preservation of

early stages of most of the genera in a condition suitable for study

by sections. On the basis of this material a grouping of ellipo-

choanitic cephalopods into six morphological groups was pro-

posed. It was found that most of the cyrtoconic cephalopods

which have ephebic cyrtochoanitic siphuncles possessed early

stages which were suborthochoanitic, thereby suggesting that in

these forms cyrtochoanitic structure was secondary, and that such

cephalopods had descended from a primitively suborthochoanitic

stock. Tliis was found to be true of the Oncoceratid?e, the Al-

lumettoceratidse, and the Valcouroceratidae. Sucli ontogenetic

evidence as is available for the Diestoceratidae, dealt with in the
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present work, suggests a similar early sta;;c and. tlid'efcrc, a sim-

ilar origin for that fajuily. 'J lie (•:!]> reinaiuiag cyi-toclioa.nitic

ccphalopods, which are knc/wn to lack such snborthochoanitic

early stages, are grouped in the Discosoroidea. Such a n'iorpho-

logical criterion may, however, fail in a ,' t:ict application to young-

er cephalopoda. There is indication of a tachygcnctic reduction

in the suborthochoanitic early st.'"Te evc:i in the Ordovician cepii-

alo[X)ds. It is possible that by .'•ilurian t'uv.e the .secondarily

cvrtochoanitic cephalopods may have eliminated the subortho-

choanitic stage from their orto,;;e:!y. For this reason it is uncer-

tain wliether the phragmoceroids, which appear to be cyrtochoani-

tic throughout, as well as certain Mississippian cyrtoconic types

of uncertain generic position with expanded siphuncles from the

Gnrl:e:t stage, are allied to the disccsovids or to tlie more prolilic

secondarily cyrtochoanitic stock.

As the Discosoroidea have jsreviousl;- been treatcdi cnlv ;;; ab-

stract form (Flower, 19-10), an account of the sujierfamily and its

divisions is inclucV'd here licfore proceeding to the description of

the Cincinnatian genera and. species.

Fai^iily RUEDEMANNOCERATTD/"E Flower. 1040

'i'liis fan'ily is based uji;)n the geni;s Ruc.'cricujioccras Flower

•' jQJo) and; should pcssibl;,- inclu'le also the little known Yaheiics

i",ndo, the only othe.- genus which appears to be at all similar.

'i1)e shell of Rvedcmavjwccras {i\g. j8 I, J, K) is cyrtoconic and

slighitly depre.'^sed in cross section. The siphmicle is subcentral

throughout life. The septal necks are strongly recurved but the

brim does not lie in contact with the septum. The connecting

ring' was apparently originally free and not adiiate even adapical-

]y, hvX a .secondary broad area of adnation is produced by a thick-

ening of the ring by the adchtion of material to its outer surface.

This produces liroad areas of adnatirai at both ends c-f the con-

necting ring as .sliown in figure 18 K.

Rve:^cr,ianncccras is based upon Cyrfoceras Boyci Whitheld of

the Chaz\- limestone of New York, 'i'wo other species are known.

( >ne is R. cliaatplninciisc (Ruedemann) of the Valcour limestone,

upper Cha;^}'an, of the Cham])lain Vialley, and the other is R.

stoncuse (Safford) of the Murfreesboro limestone of the Nash-
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villc basin of Jcniiessec. liic genus lias not been recognized in

the Minj.fan Islands and is one of several peculiar to tlie Murfrees-

boro and the Cham])lain Chazyan which lead to the belief that the

Chazy fauna of the Chaniplain Valley may contain more south

yVtlantic elements than have previously been recognized.

The large siphuncles of Ruedcniannoc eras commonly contain

mucli calcite, but thin section examination has failed to reveal any

organic deposits other than the thickened connecting ring.

Family WESTONOCERATID^E Foerste and Teichert

This famii}- is enlarged to include dominantly exogastric cyrto-

ceracones and brevicones. The siphuncle is composed of seg-

ments v/hich vary from subspherical to subquadrate in vertical

section. The connecting ring is thickened, thougli sometimes the

thickening may be confined to certain parts, in particular the reg-

ion near the septal necks. In addition, annulosiphonate deposits

appear which develop into a parietal lining of the siphuncle very

similar to that foinid in the Devonian orthoconic family Pseud-

orthoceratidse. Some specialized species of Paberoccras possess,

in addition, endocones within the siphuncle.

At the present time the genera Westonoccras, Tcichertoceras,

and Fabcroceras comprise the family. With these I have tenta-

tively placed U'innipeyoceras, Glytodcndron, and Clarkesvillia.

The ventral siphuncle and the annulosiphonate deposits dis-

tinguish the family from the Ruedemannoceratidac. The Cyrto-

gomphoceratidge are characterized by similar structure, but the

siphuncle is characteristically on the concave side of the shell.

The Discosoridge and Lowoceratid?2 lack annulosi}>honate de-

posits and have apparently lost the thickening of the connecting

ring.

The Westonoceratidse were at first regarded as actinoceroids

(Foerste and Teichert, 1930), but Teichert has subsequently

recognized that this family must be placed elsewhere. The shells

are cyrtoconic, sometimes breviconic, exogastric in general, and

have the siphuncle close to the venter in the early stages of

growth. The segments of the siphuncle vary from subspherical to

subquadrate in section and are never so broadly expanded as those

of Ruedemannoceras. The connecting ring is typicalh- thickenedi

in this faniil} , also by the addition of material to its outer surface.
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H(>\vc\cr. it is su|)|tlcnientcfl licre I)\ a true anmilnsijihonate de-

Figuio 18. iOssriitijil c'hiiiJH-tt'iistics of the Oriloviciau geiu'ra of the

Disc'iporoiflea. AD. Fahrriurrm Flower. A, vcrtk-al section of i)hrag-

nioconc showing si]ihimcle attached to an ailoral unsectioned iiortion. In-

ternal mold of base of living chamber is exposed showing the basal zone.

Siphuncle exposed in section showing ontogenetic change in position and
size, also endocones developeil adapically; B, cross section of F. elegant;

Flower showing the most central position of the siphuncle in the genus;

C, cross section of F. perciiictum Flower sliowing small marginal siphuncle;

D, vertical section, venter on right, of siphuncle. E, vertical section of

siphuncle of Wcsionoceras ef. ornatum (Troedsson), venter on left. F.

Generalized vertical section of Cyrtogomphoccras Foerste. G. Section of

wall of siphuncle of Cyriogomplwceras, modified from Troedsson (1926).

H. Cross section of Cyrtogomphoceras. I-K. RiwdemaniHweras Flower.

I, vertical section; J, cross section; K, vertical section of siphuncle show-

ing thickening of connecting ring. L. JVestonoceras Foerste, lateral view,

venter on left. M. Teichertooe>as Foerste, same orientation slowing dif-

ference in curvature distinguishing it from Westonoceras. N. Typical

cross section of T/esto)tocer(is. O. Vertical section of Wuinipegoceraa
Foerste, venter on right, a.^

—^Connecting ring; thickened s; condarily

where stipjileil. b.—Annulosiphonate deposit. Lines indicate position of
rov.-s of aragonite prisms, c.—Endocones of the V'iseoiivrus type.
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jM sit \vluch is always mural, l\in;.'; cl(;se a;;ai)5st: the connecting

ting (fig. i8 D, E). Tlie deposit appears ri''st at the septal fora-

men, appearing on the inner surface of the apical tip of the con-

necting ring. The deposit grows oracl over the length of the con-

necting ring until adjacent segmental deposits fuse and form an

apparently continuous lining within the siphuncle. The grov>th

relations of these deposits have not been thoroughly worked out,

but it is evident that in Westonoccras tlie segmental deposits form

a complete ring at the septal foramen at an early grov/th stage, but

that they grow orad over the free part of the connecting ring first

on the venter, and later grow laterally, so that the (eposit finally

closes on the dorsum, as in Pscudorthoccras (Flower, 1939, pp.

139-142, fig. 17, p. 142). Figure 18E shows the fusion of seg-

n:ental deposits on the ventral side of t!ie sipliuncle, on the left

side of the figure, while on the dorsal side only the original an-

nulosiphonate ring, the annulus, is perfected in the adoral seg-

iricnt. The middle segm.ent shov/s in addition a deposit in the

middle of the free part of the conrecting ring. A similar struc-

,-iure in PseudortJioceras has been determined to represent a pair

of lobose processes which spring from ihe ventral ('eposit and

grow laterally so as to meet on the dorsum in tlie middle of the

segment. The adapical segment shows a more complete develop-

ment of the deposit on the dorsum, though it is still not cjuite per-

fect. This section is drawn from a thin section of JVcstonoccras

cj. ornatuni Troedsson from the Ordovician of Baffin Land. It

should also be noted that in this section the connecting ring is

markedly thickened throughout on the dorsum, but ventrally the

only trace of thickening is found at the point at which the rings

invaginate to join the septa. Elsewhere the ring is only the

usual thin structureless band outsifle of the annulosiphonate

dejxDsit. Where the ring is curve') over tlie recurved septal necks

it is free from the adapical sr-.rfacc of the recurved neck. The si';-

nificance of this phenomenon is not clear, but it af>pears to be

characteristic of the genus.

The species of V/estonoceras are listed under the discussion of

the genus. The shell is exogastric throughout, and the living

chamber is contracted at its base, follovvcd by a somewhat tub-

ular prolongation of the aperture (fv^. 18 L). Tciclierfocercs
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Foerste is very similar to li'estonoceras, but adapically it is

curved endogastrically instead of exogastrically (tig. i8 M).

Adorally the venter becomes convex and the hving chambers are

very similar in asjxict. Both are compressed in cross section

(fig. i8N) with the venter more narrowly rounded than the dor-

sum. The appearance of the siphuncle at the septal foramen is

rather characteristic owing to tiie small foramen and the large

area surrounding it at which the connecting rings touch the free

part of the septum.

Faberoceras (fig. i8 A-D) is simpler in form being an exogas-

tric compressed cyrtocone without any trace of an adoral con-

traction of the shell. The segments of the siphuncle are more

rounded than those of li'estonoceras, are sometimes broader, and

the tip of the connecting ring is filled in solidl)' around the re-

curved septal neck, while the remainder of the ring is thickened

both dorsally and ventrally as shown in figure i8D, a. The

annulosiphonate deposits are similar to those of IVestonoceras,

though it is not obvious here that a complete lining of the siph-

tmcle is formed on the venter before development of the deposit

begins on the dorsum. In this respect IVestonoceras is compar-

able to certain of the genera of the Pseudorthoceratinze as is

Faberoceras to those of the Dolorthoceratinse.

In addition a third deposit appears in some species of Faber-

oceras which is similar to the annulosiphonate deposit in composi-

tion and sometimes cannot be distinguished clearly from it. This

consists of additional lamellar material deposited within the si-

phuncle, but this time in the form of endocones and not as annuli.

These cones are essentially similar to those of the Silurian Dis-

cosoridae. The cones are indicated in figure iSA, while in figure

iBD the adoral part of the cone is indicated as c. The endocones

are also shown in figure 20. Their appearance in opaque section

is shown in Plate 12, figure 3, Plate 16, figure i, and Plate 17,

figure I. They are represented by the white calcite within the

siphuncle of figure 10, Plate 29 (a section which is taken too far

from the center of the siphuncle to show their true form) and bet-

ter at the base of figure i, Plate 30, a photograph of the thin sec-

tion upon which text figure 18D is based. Such endocones are
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present in Covington species of Faberoceras but are unknown in

Cathys and Cynthiana forms. Indeed, Faberoceras shows a

marked advance from its Cathys and Cynthiana species to those

of the Leipers. The early forms have siphuncles which are small

and ventral. In }'ounger forms the siphuncle tends to become

larger and may become more ,centrally located (see fig. i8 B-C).

The Covington species are more advanced in ornament, having a

strong tendency toward the development of ridges, annuli, and

constrictions of the shell, which the earlier forms lack. Finally,

it is only in the Covington species that the endocones have ap-

peared. The differences seem sufficient to warrant a subdivision

of the genus, were it not for practical difficulties involved.

In the Waynesville Clarkesvillia occurs. The siphuncle is rel-

atively far from the venter, but annuli of the surface antl endo-

cones of the interior are absent. The genus is ilistinguished from

Faberoceras on the basis of the flattening of the venter, so that a

true ventral face is developed set oft" from the sides by well-de-

fined angles.

Winnipeyoceras Foerste, I have tentatively included in this

family. The genus may be interpreted as a strongly curved ed-

ition of Wcstotioceras (fig. i8 O), and the subquadrangular seg-

ments of the siphuncle are superficially similar to those of W'eston-

oceras. However, the material by which this genus is represent-

ed fails to show any clear deposits within the siphuncle. Their

absence, however, is only negative evidence, for the mode of

preservation of the known species is unfavorable for the preserva-

tion of such internal structures and is therefore not conclusive.

The possibility remains, however, that Winnipegoceras may not

be a discosorid at all but instead a member of the Oncoceratid?e,

as suggested earlier by the writer (Flower, 1942, fig. i, p. 30),

This is possible by the form of the shell, but the siphuncle is larg-

er in proportion to the rest of the shell than is usual in the On-

coceratidae.

The Brassfield genus Glyptodendron Claypole, formerly re-

garded as a plant, but shown by Foerste (1893) to l)e a [jeculiarly

ornamented cephalopod, possesses a large siphuncle which sug-

gests very strongly that it is a member of the Westonoceratid;e

possibly allied to Faberoceras. However, the extant sections, while
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they indicate annular deposits and suj^^gest a thickening of the

connecting ring, are too poorly preserved to show these features

conclusively.

Family CYRTOGOMPHOCERATlDi^ Flower, 1940

This family was erected for the reception of two genera similar

to the Westonoceratid?e in internal structure but endogastric in

form. The internal structure is not so well known as may be de-

sired. Cyrtogoniphoccras Foerste is developed in the Arctic Or-

dovician from the Big Horns to northern Greenland. Most speci-

mens known fail to preserve the siphuncle very clearly. The ver-

tical section shown in figure i8 F gives a conception of the form

of the shell and the relative size of the siphuncle, also shown in

cross section in figure i8 H. The walls of the siphuncle of the

genotype exhibit an apparently continuous lining which is lamellar

and is composed of several la}ers. However, all specimens stud-

ied failed to show the structure and arrangement of these layers

very clearly, and the exact structure could not be determined, at

least on the basis of opaque sections. Troedsson (1926) found

deposits which he was reluctant to classify as either actinosi-

phonate or annulosiphonate in Cyrtogomphoceras turgidimi of

the Cape Calhoun formation of Greenland. His figure (1926, pi.

2, fig. 2) can, however, be interpreted in the light of the structures

observed in the Westonoceratidae, to which it is essentially simi-

lar. The annulosiphonate ring of Troedsson's species is a struc-

ture which passes orad of the septal foramen outside of the other

deposits, which are bounded externally by a very clear dark line,

the original thin connecting ring. The structure (a of fig. 18 G)
appears to terminate in the matrix but might continue originally

orad around the remainder of the outline of the siphuncle. This

is clearly the homologue of the thickened connecting ring de-

veloped in the Westonoceratidae, while the clear dark line bound-

ing the outside of the continuous part of the siphuncle represents

the thin original connecting ring. The siphuncle contains a con-

spicuous lamellar deposit. The section of Troedsson's specimen

shows too little of the siphuncle to determine whether the adapical

thickening of the lamellar deposit is merely annulosiphonate, or

whether it is an annulosiphonate structure supplemented by en-

docones, or even, although this seems unlikely since such massive



4;14 BtiM.ETTN IK) 516

structures shouM be more universally preserved, whether massive

endocones alone arc present. Our fi'i^urc shows a]i interpretation

of tlie structures as annulosiplionate parietal deposits vv-hich were

fusing to f(;i'n] a continuous lining within the siphuncle.

LanCcroceras Foerste appears to he cssentiall}' a straight edi-

tion of Cyriogomphoceras. The interior of tlie genus has not yet

been studied from sections, i)ut tlie large size of tlie sij)huncle is

such as to preclude placing it with any other known group of

cyrtoconic or breviconic cephalopods known in the Ordovician.

}'\irther, the superikial features by v/liich this genus is distln-

g-uished from Cyrt ogor.iphoceras are concerned only with the habit

of growth of the shell and suggest a close relations! ii;:'.

Strandoccras Flov/er, new genus, is based upon Profophrai/-

nioceras tyriense Strand of the Uj'»per Ordovician {'rri}iuclciis

limestone and Gastropod limestone) of Oslo, Norway. This

species and Protophragmoccras sphyiix (Schmidt), wlu'ch is com-

mon to the Gastropod limestone of Norway and the Ly.ckholm

formation of h^sthonia, represent a genus quite distinct from true

Frotophragmoccras. The shell is an endogastric cyrtocone, com-

pressed in section, the venter more narrowly rounded than the

dorsum. The living .chamber tends to be slightly less curved than

the remainder of the shell. Growth lines indicate a sinus on th.o

convex, supposed dorsal side as well as a small ventral sinus, llie

sutures develop slight lateral lobes, and tend to rise orad on the

dorsum. The siphuncle, as illustrated by Strand, is composed of

very broad segments showing clear indication of a thickening of

the connecting ring and annulosiphonate deposits. These struc-

tures are characteristic of the Middle and Upper Ordovician Dis-

cosoroidea, and the endogastric position of the siphuncle the getuis

indicates that it should be placed with the Cyrtogomphoceratidfe

rather than with the Westono,ceratida?.

This genus differs from Protophragmoceras, which is based

upon Cyrtoceras niurchisoni Barrande from the Middle Silurian

(E2) of Bohemia. In that genus the camerae are very closely

spaced, the venter is not so narrowly rounded, the curvature of

the living chamber is uniform with that of the rest of the shell,

but, most important, the siphuncle is smaller in relation to the shell

as a whole, and shows faint thickenings of the connecting rings
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(see Barrande, \)\. lOo, fig. 17). I)ut lacks any trace of annuli.

Famiiy LOWOCERATID^ Flower, l'J40

The Lowoceratida" contain cyrtoconic shells with large ventral

siphuncles which are c.\ rtochoanitic and which are known to con-

tain endocones. The type genus, which is known only from a loose

sii)hur;cle, was evidently a c\ rtocone with a relativel}' slender

cyrtochoanitic siphuncle. The siphuncle is filled with massive en-

docones as in the Discosoridic, hut no evidence of annulosiphonate

deposits is preserved. The siphuncle is so slender as to he scarce-

1;. cyrtochoanitic. L'nfijrtunately the only known si)ecimen is a

loose sipliuncle whicli cannot he expected to preserve the connect-

ing i^iirgs well enough to show whether they are thickened. There

is clearly n<j inliation of the rings at the septal foramina within

the septal necks. Lozvoceras Foerste is based upon L. soutliamp-

loiicnsc from tiie lower Clinton of Southampton Island. The
species, insofar as the writer is aware, is known only from the

ty{)e. This has been studied from sections, prepared by the

C(jurtes\- of the Canada Ceological .Survey, which show the dis-

c(JSorid affinities of the genus.

Tuyloceras Foerste and Savage, leased upon Tuyloccras per-

cim-otitiii Foerste and Savage (1927, p. 81, pi. 13, fig. lA-R)
from the e(juivalent Fkwan limestone of Hudson Kay, is appar-

ently known only from the type specimen. This is a cyrtocone

with a large cyrtochoanitic siphuncle. As no sections have been

made, the presence of cones, or indeed of an} deposit whatsoever,

is an assumption. However, it seems unlikely that the siphuncle

would be as vrell preserved as it is without the strong support

furnished by the development of such cones. This supposition is

further supported b\' the presence of cones within the similar

Discosoridre aiu! Lo-cvoccras. As the shell is relatively slender, I

I'lace the genus tentatively with Luwoccras in the Lowoceratida?.

Ouite possibly Tuyloceras is the connecting link between Lntv-

c'crras and Fahcroccras.

Family DISCOSORID^ Teichert

I'his famil} has been investigated by Teichert, who has sup-

plied the essential known facts concerning the structure of the
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peculiar disembodied sipliuncles which constitute Discosorus and

alHed genera. The segments are broadly cyrtochoanitic and are

filled with endocones. No segmental deposits are known, and the

connecting ring has not been fully observed, largely because most

specimens wdiich have been studied have been either broken

along the connecting ring, or have been previously weath-

ered out along it. Discoscorus Hall, Endodiscosoriis Teichert,

Stokesoceras Foerste, and Kayoceras Foerste constitute the fam-

Lowoceras
Ksuocero:: ^'"'Sioke .9c .'.; cra s

/ ^-.——Endociiscosorus

_ -DISCOSORiDAE

TLj!or!tiocersis /-'*'

LOWOCERATiDAE ill—Str^ridocsra a

CYRTOGOiVIPnOCERATIDAE

GiMptodendron / Wirrnipe^joceras
Clarkesvi! tia

Faberocera

VVESTfONOCERATIDAE

Ruederna'iTnocera.s

RUEDEMANNOCERAT! DA5

Figure 19. Phylogony of the Diseosoroidea. For inorpliological fea-

tures, see figure 18. The Suedemaimoceratidse lack an area of adnatiou
but have thickened rings. In the WestonoceratidfP, Fabcroceras possibly

includes the simplest types, both in regard to shell form and internal

structure ; later the genus develops specializations of its ov/n. The brevi-

eonic shells of the family including Westonoceras, Tcichcrtoceras, and
Winnipegoceras are united because of similarity of form. The Cyrto-
fjomphoceratidsB must have sprung from generalized Westouoeeratidse,
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while the Ixiwoceratida) appnrontly came from spoeialized Fabrroccras
possossintf entlocones. Tlie Disoosoriiltr (iiffcv from the Lowoceratidae in

being brovicoiiic and f.oarcely ciirvcd, l>;il Hie orjj.-Muzat'.on of tlie two fam-
ilies is veiv similar.

ily. The sliells are, in genera!, little curved and the siphuncles

expand quite rapidly orad. The exterior of the shell is known
only in Kayoceras, although Discosorus mistini Foerste preserves

in addition to the siph uncle, a rough mold of the living chai'n][)er.

The entire family is one of the most characteristic features of the

lower Clinton ])eds of the Arctic embayment from Southampton

Island to northern Michigan. Discosorus itself penetrates the

Clinton of New York and Ohio, and Kayoceras is knowiii only

from the Hopkinton of Iowa. The family is best developed in

northern Michigan and in the Silurian outlier of Lake Timiskam-

ing which has unfortunately received thus far no better designa-

tion than the erroneous one of "Lockport".^' "
,

The Discosoridas and LowoceratidcC have no direct bearmg up-

on the problems concerned in tlie Cincinnatian Discosoridse and

are only summarized here. Tlie probable genetic relationship, of
, ,. - ...... , . V '^^^''''- '-"' '

tne discosonds is indicated m text hgure lo.

Family WESTONOCERATID.^ i^oerate and Teichert
'''''^"''''

''I

It) i\u o')!;(;i

Conch cyitoconic, exogastric at least in the mat^r.e-; po-rt^pn,

compressed in section, the siphuncle close to the venter in at 'jea^t

the early stages of growth; connecting ring thickened in^ad-

\anced stages of growth. The interior of the siphu,iT,cle be^ijs

parietal annulosiphonate deposits which develop drad fj'^ni ithe

septal foramina until adjacent segmental deposits fuse.forrning,,an

apparently continuous lining of the siphuncle. In addition^ en-

docones niav develop but are not present in all genera-., , , r»

Only two of the genera of the Westonoceratidse'are. deyetlpped

in the Ordovician of the Cincinnati region, \\'est(^noc.eras .^,^n^

Faberoccras. The characters of the family hav'e. bee^,,d|ispM^se,d

rather full\ under the Discosoroidca. •
'•

•,

T 'J1ie Tiniiskannug- Silurian beds are, as will e-CKjsdiowDiJ-ffti^h tuiir

time, not Loekport but mueii lower in the Silurian. As .the tKime.LtQekj|oat

eunnot be applied to them prcjierly, the name Tliornloe limestone 'js' pie-

posed from the town of Thoruloe, Ontario.
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Genus WESTONOCERAS Foerste

Genotype

—

Cyrtoccros man itohense Whiteaves.

Westonoceras Foerste, 1924, Denison Univ. Bull., Sei. Lab., Jour., voL

20, p. 253 ; Foerste, 1926, Denison Univ. Bull., Sci. Lab., Jour., vol. 21,

p. 331; Troedsson, 1926, Meddelelser om Greenland, vol. 71, p. 90.

Thuleoccras Troedsson, 1926, ibid., p. 93.

Wesionoceras Foerste and Savage, 1927, Denison Univ. Bull., Sci. Lab.,

Jour., vol. 22, p. 54; Foerste, 1928, Michigan Univ., Mus. of Geol.,

Contrib., vol. 3, p. 48; Foerste, 1929, Denison Univ. Bull.., Sci. Lab.,

Jour., vol. 24, p. 219; Foerste and Teiehert, 1930, Denison Univ. Bull.,

Sci. Lab., Jour., vol. 25, p. 280; Foerste, 1935, Denison Univ. Bull.,

Sei., Lab., Jour., vol. 30, p. 59; Teiehert, 1934, Meddelelser om Green-

land, vol. 92, No. 10, pp. 36-38.

This genus is made up of .compressed cyrtoconic shells. The

early part of the shell is slightly exogastric or sometimes nearly

straight. Adorally the venter becomes markedly convex, the

dorsum slightly gibbous, and the conch contracts slovk^-ly over

the entire length of the mature living chamber to the aperture.

The general aspect of the genus is shown clearly in figure i8L, N.

The sutures are variable, sometimes essentially straight and

transverse, sometimes with shallow broad lateral lobes. The si-

phuncle lies close to the ventral wall in the early stages and is

made up of cyrtochoanitic segments usually subquadrangular in

longitudinal section. The septal necks are short, recumbent, that

is, so recurved as to be in contact with the septum from which

tliey arise (fig. i8E). The connecting ring lies in contact with

the adoral septum and also with the adoral surface of the adapi-

cal septum, but it continues around the adapical surface of this

septum without being in contact with it there until it joins the tip

of the septal neck. In advanced stages of growth in a segment,

the connecting ring may be thickened, the thickening usually oc-

curring on the outside or the siphonal surface of the original thin

ring. Annulosiphonate deposits are developed which grow orad,

finally fusing, at least on the ventral side, to form an apparently

continuous lining of the siphuncle. Completion of the lining on

the dorsum has not been noted. Vestigial deposits within the

camerse are responsible for the low longitudinal markings which
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are characteristic of the internal molds within this genus and the

allied Teichertoceras.

The genotype was first described as having siphuncular seg-

ments which expand only slightly within the camera, a condition

due, in specimens of the genotype, to poor preservation of the

strongly recurved septal necks. In the holotype of the genotype

the apparent siphuncle wall is styliolitelike in structure and has

been modified by loss, probably by solution, of some of the es-

sential morphological features.

The deposits within the siphuncle consist of (
i ) annuli at the

septal foramina which project orad along the free part of the con-

necting ring to the point orad where a new annulus appears and

(2) a secondary organic deposit covering this, sometimes of uni-

form thickness, sometimes thinner over the annuli and over the

free part of the connecting ring. These features, characteristic

of the Westonoceratidse, show some m.inor modifications but are

easily recognized in opaque sections.

The phragmocone of IVestonoceros often bears broad low long-

itudinal markings, here regarded as incipient cameral deposits.

Discussion.—Thuleoceras Troedsson differs from Westono-

ccras in having a less curved phragmocone, a feature which is

not constant but was separated largely because of the supposed

slender siphuncle of the type of IVestonoceras. It is now proper-

ly regarded as a synonym of IVestonoceras. Teichertoceras

Foerste is very similar to IVestonoceras in form and structure,

diflfering mainly in that the early part of the shell shows a con-

cave ventral profile. Faheroceras agrees with IVestonoceras in

the structure of the siphuncle, but differs from it in form, being

expanded to the aperture. Though the adoral part of the shell

may be slightly more slender than the adapical part, and the aper-

ture may contract very slightly, complete shells of the two genera

are not at all similar, as IVestonoceras is gibbous well below the

base of the mature living chamber, and the adoral part of the

.shell contracts to the aperture over not only the .complete living

chamber but also some of the phragmocone. Fragments of the

adapical part of the phragmocone. however, are not distinguish-
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able with certaint}-, at least, if the}' sliow marked exogastric

curvature. Wliile Faberoceras is more strongly curved in gen-

eral than iresioiioceras, aclapical fragiiients of exogastric shells

.cannot be placed in either genus with certainty until tlie adoral

part of the shell has been made known.

IVcstowceras is widespread in America in strata deposited by

seas connected with the Arctic embayment. It is still uncertain

whether some of these beds are to be regarded as Trenton or

Richmond. The described species are listed below:

IV. deckeri Foerste. Viola limestone (Trenton), Oklahoma.

\V. greggi Ro\'. "Richmond," 5nlliman's Fossil ]\Iount, Fro-

bisher Bay, Baffin Land.

JV. gouldi Foerste. Red River ecpiivalent, Putnam Highland,

Baffin Land.

U\ cf. gouldi Foerste. Red River equivalent, Putnam Pligh-

land, Baffin Land.

IV. iowcnse Foerste and Teichert. Maquoketa shale, Iowa.

W cf. iowensc. Red River equivalent, Atpatok Island.

/r. latum Troedsson. Cape Calhoun beds, Greenland.

//'. manitobeuse (Whiteaves). Red River jjeds, Lake Winni-

peg-

W. cf. manitobeuse (Whiteaves). Stewartville dolomite, Miss-

ouri.

W. ornat'iim (Troedsson). Cape Calhoun beds, Greenland;

Iglulik Island.

W. minnesotcnsc (Clarke). Prosser limestone, Alinnesota.

W. cf. minnesoteiise (Clarke) Foerste. Cornell member, Tren-

ton, Michigan.

JV. nelsonense Foerste. Nelson limestone, Hudson Bay.

]V. ortoni (Meek.). Southgate, Eden, Cincinnati.

JV. putnami Foerste. J\&(\ River equivalent, Putnam High-

land, Baffin Land.

IV ? rallseuse Foerste and Teicliert. Kimmswick limestone,

Missouri,
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f-F. ? septcntrionale Foerste and Savage. Attawapiskat lime-

stone, Hudson Bay (probably not a Westonoceras).

W. tumidum (Schuchert). Trenton or Richmond, Frobisher

Bay, Baffin Land.

IV. ?, sp. Foerste and Savage. Nelson limestone, Hudson Bay.

W., sp. Foerste and Teichert. Stewartville dolomite, Minne-

sota.

Strand (1939) has described Westonoceras oslocnse from the

Trinucleus limestone and fl". ( ?) askerensc from the Gastropod

limestone, both at the Oslo area. However, even W. osloense

may be an oncoceroid from its form. The siphuncles of both spe-

cies are inadequately known.

F"rom the close relationship between the upper Richmond of

Ohio and the Arctic embayment in which Westonoceras attained

its optimum development, one would expect to find this genus

there. However, only three little known species in the Cincin-

nati area show any relationship to Westonoceras. These are

W. ventricosum (Miller), W. ? ortoni (Meek), and W. ?, sp.

All three are known only from portions of phragmo,cones, and

more material is needed before their generic position can be de-

termined more accurately. W. ? ortoni and W. ?, sp, have rela-

tively straight shells and are fairly typical of the phragmocones

of Westonoceras in form insofar as they are known. W. ventri-

cosum is an exogastrically curved form. The extant descriptions

and material suggest that the shell may become gibbous adorally,

but such a phenomenon may be the result of distortion by pres-

sure. If the gibbosity is real, the species is a Westonoceras. If

it is false, the species is to be placed instead in the closely allied

genus Faberoceras. The presence of Westonoceras in the Eden
and its absence in higher beds in the Cincinnati area is strongly

suggestive that the so-called Richmond strata of the Arctic em-

bayment, in which this genus is best developed, may range in age

through the Covington.

Westonoceras ventricosum (Miller) Plate 9, fig. 1; Plate 4, figs. 3, 4

Cyriocerm venincuaa S. A, >[iller, 187.5, Cincinnati Quart. Jour, Sci.,



442 Bulletin 116 524

vol. 8, pp. 131-132, lig. 16.

Cyrtoccras ventricosum James, lS8(i, Ciuciimati Soc. Nat. Hist., Jour.,

vol. 8, p. 2-16; S. A. Miller, 1889, Norto Aiupricaji Creol.. ]'al., p. -i::').

fig. 731., Nicklcs, 1902. Ciuciimati Soe. Nat. Hist., Jour., vol 20, p. 73;

Bassler, 1915, U. S. Nat. Mus., Bull. 9.::, vol. 1, p. 358 ; Chappars, 193(i,

Ohio Jour. Sci., vol. 36, p. 18.

This species is known only from portions of phragmocones

which enlarge relatively rapidly and are curved with the siphon-

al side convex, the opposite and supposedly dorsal side concave.

The section is circular or nearly so according to the original de-

scription which was based apparently upon a less distorted speci-

men than that available to the writer. Expansion is fairly rapid,

at least in a vertical direction, increasing from about I2 mm. to

21 mm. in a length of 20 mm. The sutures are apparently

straight and transverse or nearl}' so in undistorted specimens,

though adorally they tend to slope forward on the convex side

of the shell. The siphuncle is close to but not in contact with

the venter. At a diameter of 16 mm. the septal foramen is i mm.
in diameter and lies 3 mm. from the venter. Here the segment

is 2.5 mm. in length and attains a width ot 5 mm. Farther orad

on the hypotype, a segment 4 mm. long has a maximum width

of 6 mm. and is 1.4 mm. at the septal foramen. The segments

are subquadrangular in form, slightly oblique in vertical section,

due to the slope of the septum, and in ever\- wa}- typical of

Westonoceras. The necks are recumbent, the connecting ring

is adnate to the septum at both of its ends. The connecting rings

are thickened in this species, apparently on both the dorsum and

on the venter. Annulosiphonate deposits are developed, but

in the portion known have not developed beyond the stage of

widely separated annuli. The structure as observed in this spe-

cies is typical of the genus.

Discussion.—This is a rare and apparently a very little known
species. The original description was based upon a single speci-

men, from internal evidence, and is accompanied by a line draw-

ing, rather diagrammatic, of a vertical section, apparently of the

type. A specimen in the collection of the University of Cincin-

nati Museum listed as holotype by Chappars (193'^) cannot

from its condition or its measurements be the s|)ecimen upon

which this description was based. The specimen was not sec-
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tioncd prior to this study and was vertically ilattened by pres-

sure. The oris(inal label, apparently b> S. A. Miller, indicates

the specimen as a t}pe. It is probably, therefore, one of the

specimens mentioned b}- Miller in the original description as fol-

lows: "I found this specimen and other fragments in the exca-

vation for Columbia avenue, east of Torrence road, in Cincinnati,

at an elevation of about 150 feet above low water mark."

ft is apparently this information which served as the basis

up(jn which Nickles attributed the species to the middle Utica

(,M- Bctastor.w jcniicsi beds, and Rassler (1915) later attributed

it t(j the same level in the modern stratigraphic nomenclature as

Southgate. The location of the holotype is unknown. Accord-

ing to Foerstc (Ju!c lilf.) this ma\- have been among the group

of .cyrtoconic ceplialopods the types of which have been lost. The

above revised description is prepared partly upon the basis of

the measurements of the original description but very largely

upon the specimen mentioned above in the collection of the Uni-

versity of Cincinnati. This specimen is badly crushed adorally,

Hattening being vertical. However, while this has modified the

proportions and has destroyed the septa in part, it has failed to

disturb the siphuncle which upon sectioning yielded structure

typical of the \Vestonoceratidse.

The adoral part of the shell is unknown. The original figure

suggests that at the adoral end of the holot3'pe the venter was

becoming more strongl\- curved ! The paratype h.ere studied

also suggests tliat the shell becomes gibbous adorally, though from

this specimen alone the j)henomenon might be due to flattening.

However, the suggestion of gibbosity from two different sources

seems sufficient to warrant placing the species, at least tenta-

tivel}-, in the genus W'cstonoccras instead of in the simpler cyrto-

conic genus Foberoccras. Further, both the original figure and

the paratype show that the dorsum is only faintly concave adapic-

ally and straight adorally, a feature which is characteristic of

ll'csfonoceras but is at least not typical of Foberoccras.

Type.—Location of holotype uncertain. The above descrip-

tion is based largely upon a specimen labeled as a type in the

University of Cincinnati Museum, No. 105, which is evidently
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atiioii?; liic speciir.en.s of Miller's uri^^inal material of the species,

Ijears his label, and is, therefore, regarded as a paratype.

Occurrence.—Known only from excavations for Columbia

Avenue, Cincinnati, in the Southgate beds of the Eden.

\V<?3to:)c.<:cras (?) orSoni (Meek)

Orlhoccrn'i Orioni Moi-l;, 1872, Pidladclphisi Arad. Nat. Sei., Proc, p.

:\:\0; Meek. 187;!, Gi)ol. Siuv. Oliio, vol. 1, Geol. and Pal., Part II,

Pal., vol. 1, p. 155, pi. U, fig. 8; Millci', S. A., 1875, Cincinnati QutM't.

Jour. Sci., vol. 2, p. lot); James, J. F., 18S6, Cincinnati Soc. Nat.
Hist., Jour., vol. 8, p. 2;;9; Leslie, 188P, Geol. Surv. Pennsylvania,
Rep. Progr., vol. 4, p. 555, fig.

Cijrfocera't ortonh NJckles, 1002, Cincinnati Soc. Nat. Bisc., Jouv., vol.

"20, p. 73.

Orthocems ortoni Basslei-, 1915, U. S. Nat. Mus., Bull. 92, vol, 2, p. 912.

iyr.'i:cnccern3 (?) ortoni Foi-istf. 19::2, Doiiisoa Univ. Bull., Sei. Lab.,
.louv., vol. 27, i:!. ;!;>,. Pg. ;;A-B: ibid., vol. 28, p. 117.

This little known species I have not seen. The long list of

bibliograpfiic references contains no additions to the infomiation

accompan\-!V;^ the original description except for the revised de-

i-cription of Foerste v/hich is based upon additional material.

The species is represented only by rather badly distorted frag-

ments of phragmocones. Because of the distorted condition,

Foerste referred ortoni to JJ^cstonoceras with doubt. Unfortun-

ately his revised de^rxription was based upon a specimen in the

collection of tb.e IJ. S. National Museum which does not appear

to be conspeciiic with the specimen which Meek figured as Ortho-

ceros ortord. This specimen, the original of Meek's pi. 13, fig.

8 (1873), is hereby selected as the lectotype of Orfhoceras ortoni.

Meek's type, as well as other specimens available to him at

the time when the description \v3s vv'ritten, are so poorly pre-

served that it is very doubtful v;hcther an uncrushed specimen

could be recognized as conspeciiic. Indeed, until the types are

restudied it will not be possible to refer any other specimens to

this species with certainty. Today such specimens would be re-

garded unsatisfactory as t\pes upon which to erect a species,

and the characters which made O. ortoni seem strikingly differ-

ent from other cephalopods are known to be characteristic of a

considerable number of species of the genera l\'estonoccra.'< /i\\v\

Tcichcrtoccra.';. These features consist of the longitudinal mark-
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iiigs on the walls of the canier.'c. 1'hcse vcprcseiU canieral de-

I'osits wiiich have this striking pattern only in the Westonocera-

tlcko. Sucli markings may represent the internal molds of cam-

era! (icj.'osits. Again, they may represent exfoliation of the shell

i-.nd pa it of the canieral deposits along growth lines, leaving at-

tached to the internal nK.ild liie inner and }Ounger parts of the

deposits. Such a condition of preservation is common in the

Ciucinnatian and is particularly abundant in tlie Eden. Insofar

as the available information is concerned, Orthoccras ortoni is a

niiembcr oi the WestonoceraticUe which preserves only a small

part of the phragmocone and occurs in a flattened condition in

the Eden of tlie Cincinnati area. Until the species is restudied

on the basis of tlie types, and probably additional material will

i>e necessarx , it will not be possible to make an intelligent com-

l)arison witli other members of tthe Vvestonoceratidsc.

W'cstonoccras vcniricosuiii (Miller) is based u])on better ma-

terial. It is clearl}- a li'csfonoccras of circular section in which

the phragmocone is exogastric in tlie early portion. It fails to

preserve the cameral deposits in the manner exhibited by fE.

ortoni, but that ma\' be due to conditions of preservation. If it

coidd become possible to recognize Ji\ ortoni it may eventually

prove tiiat lE. z'C/itricosuDi should be reduced to synonomy.

However, until this is demor.strated, it seems best to retain the

name ll'csfonoceras ventricosum although JE. ortoni w'as de-

scril)ed first, as W. z'aitricosuni is based upon material which is

adequate for th.e recognition of a species, while "Orthoceras"

ortoni is not.

Tlie specimen, wliich Eoerste tigured as W'csionoceras ( ?)

ortoni and upon which he based his revised description of the

species, Siiovvs features not exliibited b\' Meek's original figure.

'ri:e sutures are lobed, and from the condition of Foerste's spe-

cimen the lobation apjjears to be original. Typical ]\'estonoceras

Ijears broad lateral lolx^s separating rounded dorsal and ventral

saddles. This feature is connected with a compressed section

and is not developed in /E. rentricosnm in which the section is

circular. The correlation between lobation and dei)arture from

a simple circular section is a common feature in nautiloids.
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Foerste's specimen is clearh' not conspeciiic with IV. ventricos-

um, an^l cannot be placed in JVesfonoceras orfoni since (i) it

is not possible to identify specimens as representing this species

in the present state of our knowledge and (2; the compressed

form and the lobation of the sutures indicates clearly that Foerste's

specimen is c;uite different from the original of ortoni. The pro-

posal of a new name for Foerste's si)ecimen seems to be indi-

cated. However, it is felt that this species is not well enough

known so that it can be distinguished specifically from described

species of IVestonoceras. Comparable species are found in the

Stewartville formation of Minnesota, the Red River fauna, and

the Cape Calhoun beds of Greenland. In view of the restricted

range of other nautiloid species, it would indeed be most remark-

able if this Cincinnatian form should prove to be conspecific

with any of these Arctic species. Nevertheless, the proposal of

a new name should be delayed until clear specific distinctions

can be pointed out.

Type.—The present location of the lectotype of Westonoceras

( ?) ortoni is unknown.

Occurrence.—From the Southgate formation of the Eden, Cin-

cinnati, Ohio.

Westonoceras, sp. Plate 17, figs. 13, 14

H'r.\-ti)iiocrr(ts ( :) oiLuiii Focrste, VJo2, Douiw)n Univ. Bull., vol. 27, pi.

.•53, fig. oA-B; 19;j;! : ihld., vol. 28, p. 117.

As noted under the discussion of Westonoceras (?) ortoni

the specimen figured and described by Foerste cannot be regard-

ed as a member of that species. The proposal of a new name

should be delayed until better material makes possible a closer

comparison with species of Westonoceras previously described,

since the ])resent specimen fails to sliow features on the basis

of whic'n it can be demonstrated to be specificall} distinct.

Type.—U. S. National Museum, No. 48849.

Occurrence- -Yyoim the Southgate formation of the Eden, from

Crawfish Run, Cincinnati, Ohio. This stream is no longer avail-

able, as a collecting spot, having long since been covered. (Bass-

ler, fide lift.

)
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Genus FABEROCERAS Flower, n. gen.

Text figures 18A-D, 20

Genotype.

—

Faberoceras multicinctum Flower, n, sp.

This genus is erected for slender compressed exogastric cyrto-

cones with the dorsum more broadly rounded than the venter.

Although the rate of expansion is reduced adorally so that the

mature living chamber may be nearly tubular, the aperture is

not contracted. The sutures are straight and transverse in the

early stages. TiiC) may remain so throughout life or may slope

orad from dorsum to venter in the later growth stages. Lateral

lobes are developed only very slightl}' in the more compressed

species. The siphuncle is highly variable in position (rig. 2A-C)

being close to the venter throughout life in some species, but in

others it becomes widely separated from the venter in the later

stages of growth and may even become subcentral, as shown in

figure 2A, while in other species it is subcentral throughout the

ephebic stage. The segments of the siphuncle are broadly ex-

panded within the camerae. Early segments which are close

to the venter are relatively slender and resemble superficially

those of IVestonoceras. As in Westonoceras the brims are re-

cumbent. The connecting ring is more evenly rounded in sec-

tion than is that of IVestonoceras, and the segment contracts

apicad of the center, the connecting ring joining the adoral sep-

tum at the point where the neck begins to curve, instead of out-

side of that region, as in Westonoceras. (Compare figs. 18D
and E.) Adorally the segments may become broader and even

more broadly rounded, and among the species there is consider-

able variation in the form of the segments.

The structure of the siphuncle has already been discussed un-

der the Discosoroidea. Its essential features are shown in fig-

ures 18D and 20. The connecting ring becomes thickened over

its entire length and is considerably inflated adapically where it

bends around the adapical septal neck. These rings are often

not obvious as such in opaque section, and the annular inflation

over the septal necks is commonly replaced by white calcite and

appears to be an annulosiphonate deposit. True annulosiphonate

deposits are also present. These appear at each septal foramen
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and grow orad, fusing to form a continuous lining within the

siphuncle. These strrictures apjjear on the venter before they

appear on the dorsum, but most of the growth of tlie deposit is

more comparable with t'-iat found in the Dolorthoceratina? than

in the Pseudoithoceratinai (Flower, 1939), and the deposit is not

completed ventrah}' before it ap];ears in t'.ie 'loi-sum as in U'cslou-

oceras. These deposits show two s(jrts of structure in thin

section, lamellre of growtli and rows of aragonite prisms norn^.al

to the lines of growth. Identical in fine structure is a third de-

jKjsit which is often not clearlv' set off from the annulosiplionate

Figure 20. Siphuiieles of Faberoccras. A. Section of sipliuucle of

Faberoceras midticinetum from paratype (P!. 12, fig. .'!). Crov/rling of

the septa occurs at the middle which is pi-obably abnormal. Orad of this

the siphuncle is rapidly widened. Adorally the thickening of tlie eonneel-

ing ring alone is developed.. Faither apicad the ring is inflate<l about tlie

neck forming annulosiphonate deposits. In the adapical half these struc-

tures are supplemented by endoeones. B. Details of siphmicular struc-

ture from a thin section of Faberoceraa cf. lyercostntum Flower. See also

Plate 30, figure 1. Vent on right, a.—connecting nng. b.—annulosiphon-

ate deposit, c.—endoeones.
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one. This consists first of additional calcareous material which

is not confined to any one segment but passes through a consid-

erable number of segments. As this deposit grows orad it de-

velops into a clearly recognized system of endocones (fig. i8A,

fig. 20, PI. 12, and c of fig. i8) leaving as a cavity in the siphun-

cle only a small .central canal. This structure has so far been

observed only in the genotype and in F. shideleri and may not

be developed in all species.

The base of the mature living chamber may develop a clear

basal zone. Well-preserv'ed internal molds of the phragmocone

may show the same obscure shallow longitudinal grooves which

are so characteristic of IVestonoceras and w^hich represent ex-

foliation of the incipient mural deposits of the camerae. The dor-

sum has been observed to show also the septal furrow, or ligne

normale of Barrande.

The shell surface bears only fine transverse markings which

are faintly rugose in F. anomalum. The internal molds of F.

ooceriforme and F. magister are smooth and show no trace of

any surface markings. Other species, however, show a uniform

development of annuli on the surface of the shell. These may be

low and frequent, so slightly elevated that they are scarcely dis-

cernible on the internal molds alone. Again, the annuli may
come to be widely spaced and greatly exaggerated in the geron-

tic stages, as is shown by F. transvcrsum and F. percostatum.

A hyponomic sinus is developed with variable clarity. Wherever

the aperture or surface is known, some indication of it is found.

It is strong and deep in F. transversum and F. percostatum,

moderate in F. multicinctiim, and vestir.;ial onl\' in F. elegans.

Discussion.—Few descrited genera are comparable with Fah-

eroceras. The allied genera JJ^estonoceras and Teichertocera^

may be distinguished by the breviconic form of the complete shell.

A further diflference is found in the adnate condition of the

adapical ends of the connecting rings in these genera, though this

is a difference which ma)' be found not to be very uniform. Early

stages of IVestonoceras and Faberoceras are not readily dis-

tinguished. In fact, in view of the probable close relationship

between the genera, it is doubtful whether species known only
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from such portions of the shell ,can be assigned to either genits

with certainty to the exclusion of the other. Tentatively three

Eden species are included in 1 1 'cstonoceras although they are

known only from such earl) stages. Determination has been

based in such instances upon the more abrupt expansion of the

segments of the siphuncle at their ends and the resulting suli-

quadrangular form of the segments.

Tnyloceras Foerste and Savage (1927, p. 81) of the Ekwan
limestone of Hudson Bay is somewhat similar to Fahcroccras

in general respect. It is a compressed cyrtocone. However, the

large ventral siphuncle is so broadly expanded that it suggests

the DiscosoridcC rather than the WestonoceraticUe. The adoral

sutures curve apicad instead of orad from dorsum to venter, and

the adoral end of the shell is gently contracted over the entire

length of the living chamber as in W'estonoccras. Unfortunately

the internal structure of the siphuncle is not known, and appar-

ently this monotypic genus is known at present only from the

holotype of T. percurvatiDii Foerste and Savage. The condition

of the connecting rings is unknown, l^'rom the structures known

in the genus Loivoceras, which occurs at the same horizon and

differs, insofar as is known, mainly in the much more slender

form of the segments of the siphuncle, only endocones are pres-

ent, as in the Diseosoridse, and annulosiphonate deposits cannot

be recognized.

The development of endocones in Faheroceras raises a prob-

lem in relation to its taxonomic position. Such structures are

not known in other Westonoceratida; but are found in the Low-

oceratidse and Discosoridee. However, the Lowoceratidae and

Discosoridje are not known to possess either thickened connect-

ing rings or annulosiphonate deposits. Because these structures

are well developed in Faheroceras, I have placed it in the Wes-

tonoceratidee, though regarding it as an advanced genus in the

family, presaging the development of the Lowoceratidic and Dis-

cosoridie, and quite probably ancestral to them. Endocones, as

noted above, have been found in only two of the known species

of Faheroceras. It is not certain whether they are actually ab-

sent in the other species, or whether the}' are only apparently
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missing because portions of phragmocones of those species far

encjv.gh apicad of the hvin;>- chaml)er for these structures to ap-

pear in luive not l)een found. It is suspected that quite possibly

cones arc (<riiiinally absent in some of the simpler and eariier

species, and that in h'aheroccras are included species with and

without endoconos. if this is so, fabcroceras is a name which

is applied to a group of species some of which are typical Westo-

noceratidce while oth.ers exliibit a marked advance beyond other

members of tliat famil}-. 1 have made no attempt to divide the

genus into two groups on this basis, however, as such a feature

is too difficult to seem to be of great practical value, significant

though it ma}- be in tlie ph\iogeny of the Discosoroidea. Fur-

t.her, it is felt that e\cn if. as is suspected, the known species

embrace an interval in evolutionary development within which

endcconcs make tlieir appearance, there is at present no need

to express the development of tliese structures l)y the use of an

ad:ditional generic name.

It is possible to trace tlie evolutionar}- trends of Faheroccras

(,u the basis of the ontogeny of the species and their stratigraphic

range. x'Ml of the known early stages agree in that the siphuncle

is relatively small and lies close to the venter. Such siphuncles

present a superiicial similarity to those of It'csfoiioccras in their

subquadrangular form but lack the broad area of adnation at the

adapical end of the connecting ring wliich is a specialization char-

acteristic of that genus, '{"he small ventral siphuncle is regard-

ed as primitive not only because of its position in the ontogeny

of the species, but also because it is a feature which is persistent

in tlie older Cath}s and Cynthiana species, while reduced to rela-

tively earl}' portions of the shell tacliygenetically in many younger

forms. Tiie siphuncle is ventral throughout in /''. sonnenhergi,

I', oonoccrijorme, F. saffordi of the Cynthiana and Cathys, and

akso in the large /•". tnagister of the Eden. In the Eden species

some advance is noted, for the segments of the siphuncle have

become broader than long.

Two of the Leipers species, F, transversuni and F. percostatum,

Ijelong in this group on toe basis of the form and position of the

siplmncle. I'oth, howe\er, are specializetl in another direction,
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in the strengtliening of the annuH over the mature part of the

shell.

In the Leipers formation for the first time species are encoun-

tered in which the siphuncle not only broadens adorally, but in

which it also comes to lie some distance from the venter. The

widening of the segments and the migration of the siphuncle

from the venter toward tlie center seem to go together in F.

nndticinctum and F. shideleri. Both species have developed en-

docones. A striking feature of F. nmlticinctum is the crowding

of the septa over a considerable interval of the adoral part of

the phragmo,cone. This appears to be comparable to the geron-

tic shortening of adoral camera found in many cephalopods but

normally confined to a region of not more than six gerontic cam-

erse at the base of the mature living chamber. This area is more

expanded in F. nmlticinctum, and is expressed diagrammatically

in figure 2A, and may also be seen in Plate 8, figure i, Plate 12,

figure 3, and text figure 4A. Figure 4A, which represents the

section shown in Plate 12, ngure 3, is probably abnormal in the

crowding of the septa at the region where the rate of expansion

of the siphuncle is increased abruptly, but the adoral rapid ex-

pansion of the siphuncle is characteristic of the species.

The youngest of the species of Faberoceras, F. elegans, of the

Corryville, is more advanced tachygenetically. The adoral

crowding of camer^e noted in the late stages of F. multicinctum

begins earlier in F. elegans and embraces the entire extant por-

tion of the phragmocone of the holotype. What may be consid-

ered a gerontic feature in older species has become a normal

ephebic feature in this one.

The species which can be assigned to Faberoceras with cer-

tainty are, with one exception, those described in the following

pages. The exception is Faberoceras troedssoni Teichert (1930,

p. 296, pi. 8, figs. 32-33) of the Lyckholm beds of Esthonia. The

siphuncle of this species is not known. Hovv^ever, the compressed

section, the strong development of annuli on the surface, the

prominence of the preoral constriction of the shell, the slender

cyrto,conic condition of the shell, and the development of a hypo-

nomic sinus on the convex side of the shell all favor the assign-
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ment of this spfcies to Fahcroccras and siigi^est further that the

species is ven- closely allied to F. transversnrn and F. percostatmn

of the I.eipers formation. The lack of i^ihbosity on the living

chamber, the veiUral and exogastric hy,i)onomic sinus, as well as

the annuli and preoral constriction, distinguish this shell from

typical Cyitor/oniplinceras, to which Teichert tentativel}- assigned

this species.

]\'ir,nipcgoccras ( ?). sp. f Teichert, T930, p. 294, pi. 8, fig. 23)

of the same formation suggests a Fahcroccras rather than a [f'w-

iiipff/occras. The swcies is known from an internal mold rep-

resenting a large slender c\rtoceracone with deep camer.ie. The

li\'ing chamber contracts \ery gradually throughout its length

toward the a,].'ertiire. but otherwise the form is quite typical of

Fahcroccras, showing traces of costac sloping apicad on the ven-

ter to form a h.\ponomic sinus. However, study of the siphuncle

is necessary to establish the generic position of this species.

Two of the species described below were outlined in manu-

script b}' the late Dr. Foerste. The descriptions bore specific

names but were designated as "Genus?". Contrary to the usual

procedure in this work, these descriptions are extensively re-

vised. Unfortunately some of the specimens upon which his de-

scription of /-". saffordi were based could not be located, includ-

ing the specimen designated by Foerste as the holotype, but hap-

pily other material made possible a thorough knowledge of this

species. "F. shideleri" of tli« Leipers formation was revised on

the basis of much new material which required the recognition

of finer divisions among the Leipers species of Fahcroccras.

Fahcroccras is a plastic genus, but the groups of species ap-

pear to be too closely related to justify further subdivision. The

two smooth -shelled Cynthiana species, P. sonncnhergi and F.

oocerijonne, are unlike other members of the genus in general

aspect. F. sonncnhergi is a small form suggesting the phragmo-

cone of an Augustoceras, while F. ooccriforme resembles the

genus Oonoceras. Careful study of the siphuncle has been nec-

essary in 1)oth cases to show the relationship. Eventually these

forms may be set apart in a diflferent genus. Possibly they are

closer to Reedsoccras, but I have not placed them there since

it is not even certain that Reedsoccras is a member of tiie Dis-
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cosoroidea, the siphuncle of the genotype being very little known,

while the afiinities of the tvv^o Cyntliiana species to other Fabero-

ceras is quite evident from their structure.

No key to the species of Faheroceras is adequate, because rec-

ognition of the species in a fragmentary state will depend upon

a careful examination of shell proportions. However, the follow-

ing key is presented because it will at least serve to separate the

species into groups which are believed to be natural.

KEY TO SPECIES OF FABEKOCERAS

A, Shell without known transverse annuli ; siphuncle close to

venter.

B. Segments of siphuncle longer than wide.

C. Shell very small, slender F. sonnenbergi

CC. Shell moderate in size, adoral portion nearly tubu-

lar, resembling Oonoceras F. oocerifonne

BB. Siphuncle segments broader than wide; shell very large.

F. magister

AA. Shell with transverse annuli on surface.

D. Siphuncle ,close to venter throughout life.

E. Siphuncle slender throughout life, annuli fine, closely

spaced, inconspicuous ; shell rapidly expanding.

- F. saffordi

EE. Siphuncle widening adorally, annuli thickened to

costas over the mature living chamber ; adoral part

of shell slender.

F. Section narrower than high F. percostatum

FF. Section as wide as high F. transversum

DD. Siphuncle moving toward the center of the shell in the

adoral part of the phragmocone.

G. Siphuncle expanding rapidly in adoral segments ; endo-

cones strongly developed F. shideleri

GG. Segments of siphuncle of nearly the same width

throughout the adoral part of the phragmocone.

H. A region of about lo very shallow camerae at

adoral end of phragmocone ; costse large and

strong F. multicinctum

HH. At least 17 shallow camerae; costse low and

numerous, less conspicuous F. elegans
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Figure 21. Cross sections of Faberoceru'^, showing variation in shape

and in size and position of the siphunele. A. F. saffordi, showing an
early stage within a later one. B. F. shideleri. C. F. percostatum. D. F.
multicinctitm. E. F. elegans, missing poj'tions restored. F. F. magister,

inirrsing portions restored. From base of type.

Faberoceras sonnenbergi Flower, n. sp.

Plate 13, figs. 4, 5; Plate 15, figs. 3, 4; Plate 16, fig. 7

This is a small slender species, known only from the phrag-

mocone, which is slightly curved, compressed, with a small ven-

tral siphunele agreeing in general aspect more with the Leipers

species of Aiigustoceras than with Faberoceras, with which it is

actuallly allied as shown by the structure of the siphunele.

The shell is gently curved exogastrically, compressed in sec-

tion, and rather variable in proportions. The radius of curvature

of the venter varies from 45 mm. adapically to 50 mm. and 65

mm. adorally, varying somewhat among different individuals.

The section is compressc'l, more narrowly rounded ventrally than
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dorsally, but also shows some variation. One specimen shows

the height and width both 14.6 mm. This, however, is atypical,

and the height is usually about i mm. ;:^reater tlian the width. In

the holotype, the longest specimen observed, though incomplete

adorally on the venter, the sliell increases from 11.5 mm. and

10. 1 mm. to 15 mm. and 14 mm. in the basal 15 mm. as meas-

ured ventrall}'. and 13 mm. as measured dorsall}'. In the next

18 mm. on the dorsum the width increases to 18 mm. and the

height is estimated at 19 mm. and in the last 24 mm. as measured

dorsally, the width increases to 21 mm. and the height is prob-

ably 22 mm. Adorally the dorsum shows a slight flattening on

this specimen. Extremes of vertical increase in diameter are

shown b}^ a paratype which increases from 11 mm. and 12 mm.
to 16 mm and 20 mm. in a \'entral lengtli of 30 mm. and a dorsal

length of 26 mm. This s}~)e,cimen inay be slightly compressed

by flattening. The specimen noted above in which the height

and width are equal presents a compressed aspect by reason of

the narrowly rounded venter.

The sutures slope orad from dorsum to venter without, how-

ever, the development of clear lateral lobes. The septa are shal-

low, nearly flat. The camerje are closely spaced but somewhat

variable, from six to eight and a half occurring in a length equal

to tlie adoral shell height adapically, and from seven to nine in a

similar length adorally.

The siphuncle lies close to the venter. The septal foramen is

circular in section and not ,compressed. The septal necks are

shoi"t,recurved, free, the brim and neck about equal. The seg-

ments are subquadrangular in vertical section, the rings being

straight or even faintly concave in the center of the segment.

They expand more dorsally than ventralh', at the adoral end,

and dorsally the adapical end of the ring meets the septum witli-

out contraction, while strong contraction o,ccurs on the venter. A
somewhat later stage (PI. 16, fig. 7) is shown in oblique section,

where the segment is slightl}' broader and more quadrangular in

form. Adapically the connecting ring appears to be narrowiy

separated from the septum. Actually this appearance is due to

tlie presence of a white deposit derived from the apical end of the
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cuiiiiecting ring itself and comparable with the first deposit to ap-

jiear in other species of Fabcroccras. Deposits within the siph-

uncle are not well developed in this species and are shown well

only in this one individual.

The surface is marked by obscure transverse lines of growth.

The living" chamber and aperture are unknown.

Discussion.—This is a small species of the Cynthiana which is

fairly abundant, though almost invariably represented by very

small fragments of phragmocones. Many of the specimens have

been more or less afifected by pressure. Insofar as can be de-

termined from the present material, there is no correlation be-

tween variations in cross section and variation in .curvature and

the depth of the camene. The quantity of material studied

makes it reasonably certain that one variable species is involved

here rather than several associated species.

Because of the absence of annuli, the very slender form, and the

small ventral siphuncle, the relation of this form to other species of

Faberoceras is not at once apparent. Indeed, in an early stage of

this investigation this species was regarded as probably belonging

to AvAjustoccras which it resembles more in habit of growth, but

the structure of the siphuncle shows conclusively that this species

belongs to the Westono,ceratidge rather than to the August-

oceratidse.

This species can be differentiated from its congeners by the

small size and verv slender shell. All other species are much
larger and expand more rapidly in commensurate portions of the

sliell.

Types.—Holotype, Univ. of Cincinnati Museum, No. 23909.

Paratypes, Nos. 23908, 23910-12. Shideler Collection, two speci-

mens.

Occurrence.—From the Cynthiana limestone of Cynthiana,

Kentucky, and the vicinit}-. The species occurs fairly abundantly

in the beds associated with Orthorhynchula linncyi. One speci-

men placed in this species with doubt is from the Cathys limestone

of Tennessee, from a locality 3/j mile east of Leipers, Tennessee.
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Faberoceras ooccriforme Flower, n. sp. Plate 11, figs. 4. 5

Conch cyrtoconiiC, compressed, very slender and gently cin^ved.

The type is 90 mm. in length, expands from 43 mm. and 30 mm.
at the base to a height of 46 mm. at the termination of the 40 mm.
of the phragmocone, increases to 49 mm. near the middle of the

living chamber, 55 mm. above the base, and contracts to .47 mm.
at the aperture. One side is lost by weathering so that the cor-

responding widths cannot be determined, but it is evident that the

shell retains a strongly compressed section throughout with the

venter slightly more narrowly rounded than the dorsum, but the

greatest width essentially at mid-height of the cross section.

The shell is gently curved, the radius of the curvature about

150 mm. ephebically, but decreased over the adoral part of the

living chamber to 100 mm.
The sutures slope orad from dorsum to venter and bear shal-

low lateral lobes. The septum is equal to i 1/2 cameras in depth

of vertical curvature. The camerse are uniformly 4 mm. in depth

except the last few, which are slightly shorter. The siphuncle lies

close to the venter so that the expanded part of the segment is in

contact with the ventral wall of the shell. A segment 4 mm.
long is 4 mm. wide at the septal foramen and expands to 6 mm.
witliin the camera. The septal neck is short, strongly recurved on

the ventral side but free, and is recumbent and slightly longer

on the dorsum, where the adoral part of the connecting ring is

in contact with tlie septum also. At the adapical end of the seg-

ment tlie connecting ring joins the septum at the turn of the neck

on the dorsum, but is narrov^ly adnate ventrall}-. Annuli which

are similar in preservation to the thickened rings of other Faber-

oceras appear within the siphuncle. No thickening of the free

part of the ring is noted, and no annulosiphonate deposits are de-

veloped.

The internal mold bears obscure longitudinal markings over

the phragmocone representing incipient cameral deposits. The

aperture appears to be normal to the cui-ving axis of the shell

dorso-laterally, the only point at which it is preserved.

DiscKssion.—This rare C3'nthiana species has the external

form of Oonoceras but differs from that genus and agrees with
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Jul hi-roceras in tlie form and structure of the siphuncle. It differs

from other Faberoceras in that tlie growth of secondary deposits

within the siphuncle is more dela\ed than in other knov/n spe-

cies, the sheU form is more slender, and the siphuncle is closer

to the venter than in any other known si:)ecies. Slight thickening

of the free part of the connecting ring is suspected in this form

Init cannot be demonstrated without the use of thin sections. A
curious feature is that tiie annuli on tlie dorsum api>€ar not to

coininue around the original ring, but sucli a development has

been noted on the venter. I'reciseiy die opposite arrangement has

been found in U'cstonoceras.

'I'he structures as known from this species are sufficient to

raise Tloubt as to the correctness of tbe reference of other Cynthi-

ana species to Ooiiuccros. However, the siphuncles of man.}', but

n<;t all, of the described Qnthiana species previously placed in

Oonoceyas have been observed, and agree with tlie genotype in

being relativel}' slender although expanded. There remain sev-

eral which are not adequately known internall)-. Sucli species

are here placed with doubt in Oonoceras, pending the tliscovery

of better material tlian is now available for the purpose of section-

ing. It is singular to note that Faberoceras and Oonoceras in the

Cynthiana are evidentl}- associated and attain such a similarity of

form as to result in almost perfect homeomorphy insofar as the

internal molds are concerned. However, Ooyioccras apparently

passes with little change from the Ordovician to the Silurian and

is a member of the Oncoceratidte as employed here, while Faber-

oceras differs materially in the structure of IJie deposits of the

siph.uncle and in the ontogeny of known species as do other genera

of tlie WestonoceratidcC, constituting primitivel}' cyrtochoanitic

cephak)pods of the Discosoroidea.

Tyi'C.—Holotype, Shideler Collection, Miami I'niversity.

Occurrence.—From the Cynthiana limestone, near Paris, Ken-

tucky.

FahcToceras saffordi Foorste, n. ?p.

Plate 8, figs. 2, 5; Plate 12, fig. 2; Plate 15, figrs. 7, 8. Text fig. 21 A.

This species is cyrtaconic, somewhat less slender, and smaller

than the other and younger species of the genus. The cross sec-
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lion is comiiicssed, the greatest width not markedly dorsad of

the center, and the venter only slightly more narrowly rounded

than tlie dorsum. The two most complete specimens show a

radius of curvature of the venter ranging from lOO mm. to 120

mm. over an interval in which the ventral length is 145 mm. and

the shell height increases from 38 mm. to 55 mm. The largest

and m.ost comf>lete specimen increases from a height of 35 mm.

and an estimated width of 30 mm. to 48 mm. and an estimated

v/idth of 43 mm. in the ventral length of the phragrnocone of y^f

mm. The living chamber is 35 mm. long ventrally and 33 mm.

long dorsally. The height at the aperture is 53 mm. This speci-

men is somewhat compressed by distortion, and one side is badly

weathered. (PI. 15, figs, y, 8.)

The sutures are curved, forming slight lateral lobes, and slope

orad on the vc!iter. In typical specimens the camerae vary some-

what in depth. On the paratype, four and a half camerae occur

adapically in a length of 20 mm. where the shell height is 43 mm.,

while adorally at a height of 56 mm. slightly more than three

can:era^ occur in an equal length. The holotype has five camene

in 20 mm. at a height of 37 mm., and four at a height of 46 mm.

A fine sectioned specimen (PI. 8, fig. 5; PI. 12, fig. 2) is exter-

nally badly weathered so that the rate of expansion cannot be de-

tennined accuratel}', the dorsum being largely missing. This

s]>ecimen differs from the others in having slightly more closely

spaced camerro, nearly five occurring in 20 mm. at a shell height

of 56 mm. The apparent rapid expansion of this specimen (PI. 8,

fig. 5) is false and the result of weathering.

The siphuncle remains relativel}^ small for Faheroccras and is

close to the venter throughout life. The segments are typical of

the genus in form and in the development of thickened rings and

annulosiphonate lining. No endocones have been noted.

The surface is poorly preserved in all specimens. One para-

tvpe, however, preserves lov»' frequent transverse annuli.

Discussion.—This species is distinctive in its moderate curva-

ture, relativeh- small size and fairly rapid expansion, and in hav-

ing a si j)h uncle which remains small and close to the venter
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thriJUi^licut life. 'The prcsciU inaU-rial shows soiv.c variation in

the depth of the camera: hut is not adecjuate to inchoate the pres-

ence of more than one si>ecies. The small ventral siphuncle is

regarded as a primitive feature in Fahcroccras, and one which is

found in the early stages of more advanced species such as F.

inuUkinctv.y.i and F. shiddcri. This species differs from F. trans-

vcrsiun and /'. pcrcostatuui in th.e ahsence of prominent constric-

tions over the mature living chamher. Also the section, thougli

narrower on the venter than on the dorsum, does not have the

greatest width attained markedly dorsad of the center.

Types.—Holotype and one paratype, Shideler Collection. Par-

Btype, U. S. National Museum.

Occnrrence.—From the Cath}s, east of Willianisport, Tenne-

see, near Franklin, Tennessee, and from the Cynthiana limestone

of Cynthiana, Kentucky.

Faberoceras magiuter Miller Plate 13, fig. 3; Plate 14, fig. 5; Text fig. 21F.

Cifrtoceras ni-.-scitni Miller, 1875. Cincinnati (^uart. Jour. Sci., vol. 2, i>.

132, fig. 17.

Cyrtoceras maf/Viicr Miller, 1873, Cinciiinati Quart. Jour. Sci., vol. 2,

p. 284; James. 188!), Cincinnati Soe. Nat. Hist.. Jour., vol. 8. p. 246;

Miller, 1889, North Amer. Geol., Pal., p. 434, fig. 720; Nickles, 1902,

Cmeinnati Soc. Not. Hist., Jour., vol. 20, p. 73; Bassler, 1915, U. 8.

Nat. Mus., Bull. 92, vol. 1, p. 354.

The type .consists of a portion of a large cyrtocone with a maxi-

mum length of I02 mm. and a radius of curvature of the venter

of about i6o mm. The right side of the specimen is presei^ved,

tlie left side is destroyed. At the base the section is a com-

pressed oval, with the dorsum and venter about equally rounded,

6o mm. in height and with an estimated widtli of 50 mm. In a

ventral length of 80 mm., at tlie base of the living cliamber as

marked on the ventral side, the height has increased to 65 mm.,

and the width is estimated at 55 mm. Only the basal 25 mm. of

the living chamber are preserved.

The sutures are nearly transverse at the base of the specimen,

but adorally the}' slope in,creasingl\' orad on the venter. The su-

tures are straight without any clear development of lateral lobes,

n^ie camerre, of which 15 are preserved on the specimen, are shal-

Icnv and nearly uniform in depth, the first and the twelfth both
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Pleasure 6 nun. in depth. The last few camcrae are shortened

fjerontically.

The siphuncle is compressed in .cross section and is 14 mm.
high in tiie expanded portion, 10 mm. wide, and 4 mm. from the

ventral wall. A vertical section has been made through three

adapical camercC, though not attaining the center of the siphuncle.

In such a section a segment 4 mm. in length expands from 9 mm.
to 13 mm. Tlie septal foramen is wide, the segment only slightly

expan('ed:, with the connecting rings largely free and uniformly

convex. The septal necks are recumbent, longer on the dorsum
than on the venter, and tlie .connecting ring is in contact with

the free part of the septum where it arises from the septal neck.

Adapically the connecting ring is adnate for a length about equal

to the brim of tlie septal neck. Deposits in the siphuncle show

clearly the white annulosiphonate rings of the Westonoceratidse

covered by a thin and unifonn lining of darker material w-hich

continues orad of the deposit and merges with the connecting

ring. The connecting ring is not visible between the annulo-

siphonate deposits and the septal neck, clearly a condition of

preservation.

The surface of the shell is not retained. The internal mold

shows no trace of the annuli which are characteristic of most

Paberoceras.

Discussion.—The above description is based upon Miller's

holotype, apparently the only representative of this species which

has been foimd. Miller's original figure is exceedingly diagram-

matic, and represents the opposite side of the specimen from that

figured here. That side is badly weathered adorally and fails

to show the septa, which have beei^ drawn in, apparently on the

basis of the septa on the opposite side of the shell. Part of one

segment of the siphuncle is outlined obscurely on the weathered

surface, and a section farther apicad exposes three other seg-

ments and a part of a fourth. The adoral camer?e of that figure

equal the others in depth, a condition contrary to that shown

on the type specimen. Without the adoral gerontic camerae, the

t;/pe bears the 15 camera; mentioned in Miller's original de-

scription, as occurring in 3. ]
inches on the "dorsum," nctualK'
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tlie venter. On the specimen the 15 camene occur in a length

of Tf.2 inches on the curving venter. The "transverse" diameter

at the base of the specimen is given as 2.9 inches. The height

of the shell at the base is 2.4 inches and the width in its present

condition 1.65 inches. The diameter of the chamber of habita-

tion is given as 2.9 inches, the height of the shell measured across

the oblique break which terminates the specimen.

The uniform but slight expansion of the shell and the strongly

compressed section suggest Oonoceras, but the siphuncle is much
broader than in that genus and shows the essential features of

the Westonoceratidse. In spite of the absence of annuli, the spe-

cies is, therefore, placed in Faheroceras, of which it is fairly t}^i-

cal in all other respects. It can be distinguished from other spe-

cies of Faheroceras by the extremely marginal position of the

large siphuncle and the strongly .compressed section in which the

venter is not markedly more narrow than the dorsum.

The species is known only from the type specimen insofar as

the writer is aware. The form is evidently a very rare one and

has no close relatives in the Cincinnati area. Faheroceras ele-

gans may be readily distinguished by the more central position

of the siphuncle as well as by the more expanded segments. F.

percostatum and F. transversum are more similar in the ventral

siphuncle, but both have the venter more markedly narrower than

the dorsum, and the late stages of growth are marked by promi-

nent costae.

Type.—Holotype, University of Cincinnati Museum, No. 300.

Occurrence.—Listed from the Southgate formation of the

Eden. The original description cites this as coming from the

first ward of Cincinnati, 130 ft. above high water mark. Possibly

the species may have come from the Economy instead of the

Southgate.

Faheroceras percostatum Flower, n. sp.

Plate 8, fig. 4; Plate 11, fig. 3; Plate 13, fig. 2; Plate 14, fig. 9; Text fig. 21C

This is a large species which expands fairly rapidly in the early
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Stages, becoming more slender adoralK', and developing large

rounded transverse coste on the mature part of the sliell. The

section is compressed, markedly narrov/er on the ventral side than

on the dorsum. Expansion is rapid in the earlv stages. -\ para-

type increases from 26 mm. vertically to 56 mm. in a ventral

length of 80 mm. The holotype increases in the length of the

phragmocone from :\y rnm. to 65 mm. in height and from 40 mm.
to 60 mm. in width in a ventral length of 80 mm. The living

chamber, which is 65 mm. long on the venter, is faintly contracted

adorally so that the aperture is 60 mm. in height and 57 mm. in

width.

The sutures are straight anil nearly transverse adapicall}-.

Adorally they slope orad from dorsum to venter. The camerje

are shallow. At a shell height of 33 mm. three camerre occur in a

length of 10 mm. At a height of 54 mm. two camera occur in

10 mm. Fourteen cameras are preserved on the type and vary

from 4 mm. to 5 mm. in depth. The last four camerje of the type

are shorter than those preceding. The siphuncle remains close

to the venter throughout life. Adapicalh' the segments are small,

and not markedly expanded, quadrangular in section, and similar

in aspect to the siphuncle of a Wcstonoceras. The ]iolotyx:>e

(PI. 8, fig. 4) shows a gradual adoral expansion of the segments

of the siphuncle. At the adapical end at a shell height of 28 mm.
the siphuncle is 3 mm. from the venter, 4 mm. across, and 21 mm.
from the dorsum. At the adoral end of the same specimen, the

siphuncle is 7 mm. from the venter, 10 mm. in diameter, and 40

mm. from Uie dorsum. The same proportions are shown on the

holotype shortly apicad of the base of the living chamber.

Adapically the segments of the siphuncle are relatively narrow.

A segment 4 mm. long expands from 1.7 mm. at the septal fora-

men, actually a smaller interval owing to the deposits, to a height

of 4 mm. within the camerre. Expansion of the siphuncle is ab-

rupt at the ends of the segment and the central free part of the

connecting ring is only slightly convex. Adorall}' the segments

are very different in aspect, are much broader at the septal for-

amen, and have the free part of the connecting ring more uniforni-

Iv curved. At a shell height of 50 mm., a segment expands from
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7 mm. to lo mm. The sei)tal necks are always ver}' short and

recumbent and on the dorsal side are actually so recurved as to

be in contact with the septa from which they arise. On the venter

tliey are slightl}' shorter and very narrowly separated from the

septum.

The deposits within the siphuncle consist of the annuli and the

dark lining of ICcstonoceras. Though such deposits can be traced

over an interval of 19 camerse in the paratype, no trace of the

endocones is found. This indicates that the endocones must be

very much more delayed in their development tlian in related spe-

cies and may signify that these structures are not developed at all

in this species.

Adorally, the deposit first appears as small annuli of light cal-

cite at the septal foramina. These deposits become prolonged

adorally over the free part of the connecting ring. To this de-

posit, is added the dark lining such as is found in all IVeston-

oceras. Adapically, where the camerae are filled with calcite, it

is often impossible to discern the adoral prolongation of the annuli,

as this is of light .calcite, and is often not distinct from the calcite

within the camerse, and the connecting ring under such circum-

stances cannot be discerned. Instead the apparent margin of the

siphuncle consists of the outside of the deposit of dark calcite.

The true nature of the structures involved may be determined,

however, by the margin of the annular deposit, which under such

conditions of preservation appears to merge with the calcite of

the camerae. The dark lining is slightly thicker adapically than

adorally but fails to develop into endoncones.

The surface is generally obscure adapically. One specimen,

placed in this species with doubt, shows numerous low transverse

annuli such as characterize the entire shell of F. nmlticinctimi.

Other specimens have shown only smooth internal molds. Ador-

ally the shell develops a series of broad rounded constrictions

with broad rounded costie between tliem. On the holotype there

are eight such constrictions with the spacing between them quite

irregular. The first is low, the second broad and prominent fol-

lowed by a conspicuous annulation, the third is low and narrow,

the fourth also shallow but broader, the fifth narrow and sixtli

broad. Farther orad the spacing and strengtli become slightly
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more uniform, and the .costse come to take on the appearance of

the annuH of /•". niuUicincturA, though they are never so closely

spaced. The eight constrictions occur in a length of 65 mm., the

first appearing at the base of the living chamber. A specimen re-

garded as belonging to this species shov^^s a considerably earlier

appearance of annuli and costs. They appear at a shell height of

50 mm., in contrast to 63 mm. on the holotype. The specimen

shows five constrictions, the first the broadest and deepest. Tliis

shell is atypical in being slightly more slender tlian the type at

such a stage in developm.ent, and in that the costse are developetl

over the phragmocone and are not confined to tlie mature living

chamber.

The transverse markings slope apicad on the venter to form a

rather conspicuous hyponomic sinus.

Discussion.—^This species and F. transversiim are character-

ized by siphuncles v/hi,ch remain close to the venter throughout

life and the shells which develop prominent costse in the mature

portion. F. transversuni may be readily distinguished by its

smaller size and the broad whorl, which is as wide as high. Also,

the adoral part of the shell does not become so slender in that

species. F. niagisfer (Miller) of the Eden remains the only

species in which the siphuncle retains a position close to the venter

throughout life. That form has no known costse or annuli and

has a siphuitcle which is even closer to the ventral margin than

that of F. percostatmn.

In one respect this species appears to be peculiar in the de-

velopment of the primary annuli of the siphuncle orad along the

free part of the connecting ring. Other species may exhibit this

phenomenon, however, though the adoral portion of the deposit is

lost in the calcite. However, a similar phenomenon has been

noted in F. shideleri and may be found in other species also.

F. percostatum is known from several specimens. The para-

type, a section specimen showing the structure of the siphuncle

with exceptional clarity, is very slightly broader than the holotype,

but its exterior was protected from distortion by calcareous algre

and the holotype is clearl}- very slightly compressed by pressure,

at least adorally.
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Types.—Holf)type and j)arat\pes, I'niv. of Cincinnati Museum,

r>;0S. 2-{2I4-J-12l6.

Occttrroicc.—From the Leipei-s formation of the Cumberland

]\iver. '['he holoty]'»c is ivom the pelecypod l)ed immediately over-

Ivia;;' the 'i\'tradi\iii\ layers at the Rowena Ferr}'. One paratxpe

is from the iij>permost of the Telrodimn layers at the same localitw

One other sitecimon is from the j)elecypod bed h)CtN\'een tlie upper

evul of IJellc Lsland and Horseshoe Bottom near the Painted Cliffs.

( !ne otliei' specimen is from the Tcti-in/iinu reef at Roweiia, Ken-

tucky.

Faberotvrah transversuni Flower, n. yn. Plate 10, fii^s. 5, Ci

This is a small sj^ecies with unusually l)road whorls. The

hiolotype consists of a livinj^- chamber and i6 attaclied camera-.

Tiie section is as broad as high, but the venter is mucli narrower

tlian tl'.e dorsum, i^ivinc^ tlie shell a com]n'essed aspect. In the by

mm. of the phragmocone as measured on the venter, the shell

expands from 38 mm. and 38 mm. to 50 mm. and 50 mm. The

adoral end of the shell is not quite complete. In a ventral length

of 50 mm., diameters of 53 mm. are attained. This is believed

to attain the aperture on the venter where a hyponomic sinus is

develo}>ed.

The sutures slope strongly forward on the ventral side of the

adoral part of the phragmocone. The camerre vary from 4 mm.
to 5 mm. in depth on the venter. Although a good basal zone is

developed, the adoral camer?e are not shortened as in most geron-

tic individuals. The siphuncle is 4 mm. high, 3 mm. wide, and 5

mm. from the venter at the apical end of the type. Its structure

has not been studied in the holotype.

The internal mold is smooth adapically. On the living cham-

ber, however, constrictions appear between which, are developed

rounded low annuli as in F. percostatum. Five unevenly spaced

constrictions occur over the length of the living chamber. These

slope apicad on the venter, indicating a hyponomic sinus. Be-

yond the last constriction the sliell is produced orad without the

usual expansion, suggestive of the approach of the gerontic

aperture.

Discussion.—This species is similar to f. percostatum, but ma-
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ture individuals do not attain the size of that species, the shell is

much too hroad in section, and the camenc are shallower. I'ur-

tlier, in commensurate portions of that species the shell expands

more rapidl\' verticalh'. and the sutures do not slope so far for-

\\artl on the ventral side.

Holotype.—^Univ. of Cincinnati Museum, No. 24219.

Occurrence.—P^rorn the Leipers of the Cumherland River, at

Rowena, Kentucky, h'rom the pelec}pod limestone immediatel}

overlying the TetraJiuni heds. Flower and Shideler Collection,

1942.

Faberoceia^ aiaiUcinctum Flower, n. sp.

PlaLc 8, fi--. 1; Plate U, li;^'. 2; Plate 12, fig. 3; Text fig. 20 A, 21 D

This is a large very slender form, in which the section is a com-

pressed oval, not markedly narrowed on the venter as in associat-

ed forms. The large specimen expands verticall}' from 50 mm. to

63 mm. in a ventral length of 150 mm. and has a radius of curva-

ture of the venter of about 200 mm. The width is only 3 mm.
less than the height throughout. The sutures are straight and

transverse adapicall}-, but adorally they slope orad from dorsum

to venter without, however, the development of clear lateral lobes.

The siphuncle is peculiar in its ontogeny, is farther from the venter

throughout the known part of the shell than in any other species

of the Leipers, and agrees only with F. clegans of the Corryville.

The early stages of the siphuncle are composed of relatively

slender segments. This is shown by one paratype (PI. 12, fig. 3)

which increases vertically from 34 mm. to 42 mm. in a ventral

length of 70 mm. Adapically the segment is 12 mm. from the

venter, 5 mm. vertically, and 18 mm. from the dorsum. Adorally

it is 15 mm. from the venter, 12 mm. vertically, and 25 mm. from

the dorsum. Adapically a segment 5 mm. vertically in its expand-

ed portion is 4 mm. in length and 3.5 mm. at the septal foramen.

The first seven cameree of the paratype enlarge only slightly. The

next five segments of the siphuncle are believed to be abnormal.

They occupy a length of only 16 mm. and are considerably short-

er than the preceding segments. The first four are subequal in

length but broaden rapidly orad, the increase in diameter being

the result of expansion at the septal foramen, while the connecting

rings and septal necks are only slightly changed in form. The



S5l CiNcixxATiAX Cephau)Pods: Flower 469

first four of these sei^ments occupy a len^tli equivalent to tliat of

three of the earh'cr sejifnieuts. The fifth set^nent is only i mm.
in (lci)th. 'I'he septum to wlu'c.li it helon<^s is deeper than the

others, so thr.t the sutures are e\'enl_\- spaced, hut tiu's siphuncular

segment is shortened and the next one is ahnormally length.cned.

Indeed the segment is so short that the annulosi]jhonate rin^-

which suri-ounds the neck is nearly in contact with tlie next ad-

apical ring-. The c(jnnecting ring expantls ver}- much as does

tiuit C'f the other segments. The next segment of the siphuncle

is () mm. deep, after which ajipcar two shorter ones, each 4 mm.
deep, and a slightly longer one 7 nun. deej). The same specimen

is the only one which shows in tliis s])ccies the discosorid de-

})Osits in addition to the usual structures of a U'cstoiiorcras, as

otlier specimens represent portions (j1 the conch too close to the

livin'/' chamher for the deveh^jmeut of the endocone structures.

At the adoral end of the specimen the discrete rings of the H'cst-

onoccras deposit are vestigial and merge with the connecting ring.

i'arther apicad the annuli and the dark covering are differentiated,

hut, curiousl}-, the} are n(jt distinct adapicalh'. The endocones

flevelop rapid]}-, appearing shortly apicad of the westonoceroid

deposit and occupy the greater part of the length of the siphuncle.

The holot}pe, Vvhich represents a considerably later stage of

growth, shows only the early ontogenetic stages of the deposits

of the siphuncle. It retains 20 segments of the siphuncle in rm in-

terval of the shell which expanded vertically from probably 55

mm. t(^ 60 mm. This lies farther orad than the porti(m noted on

the [)aratype just described, and unfortunately it is not possible

to determine in what way the siphuncle passes in development

from narrow adapical segments to broader adoral ones. In the

the holoty]>c, howc\'er, the segnients of the siphuncle show a

slight tendenc}- to var\- erraticall}- in depth, but become broader

adorall}-. w here the camene become markedl}- shorter. Adapically

on the holotvpe a segment 16 mm. from the venter is 10 mm.
vertically and 4.5 mm. long. Here five camene occur in a length

of 20 mm. Adorall}', seven camer^e occur in an equal length.

Tr.c livin;;- chamber, as known from two speciir.cns, shows

Soniev.'h.-it shuilar pr(jj(.:'tioi's in both. Th.e holot}'pe exprui'^s
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vertically from 6o mm. to 65 mm. in a ventral length of 55 mm.
The dorsal length here is 50 mm. The suture at the base of the

living chamber is inclined strongly orad from dorsum to venter.

A larger paratype shows a living chamber with a ventral length

of 60 mm., in which the height of the whorl increases from 56 mm.
to 61 mm.

The surface of the shell bears numerous narrowly rounded low

annuli separated by broader concave interspaces. These average

six in a length of 20 mm. In the interspaces there are faint, num-

erous transverse markings and fainter, but larger and more dis-

tant, longitudinal ridges.

Discussion.—This species .can be recognized by the slender

form, the rounded section, in which the venter is only slightly

more narrowly rounded than the dorsum, the position of the

siphuncle not far ventrad of the center, and the rapid expansion

of the siphuncle from relatively narrow to relatively broad seg-

ments. While the expansion of the siphuncle is known only in

one individual, and there is modified by conditions which are

possibly abnormal, the expansion is in itself clearly a phenomenon

typical of this species, for other specimens show plainly the very

broad adoral siphuncular segments. Just what .conditions were

responsible for the erratic spacing of the septa in the smaller para-

type at the point of siphuncular enlargement cannot be deter-

mined from the fragmentary condition of the specimen. There

is, however, clear indication in the variation in the curvature of

the septa there of a definite abnormality. Similar close spacing

of septa is a phenomenon which is not confined to this species,

but is occasionally xnet with in other species and genera, and has

been found in Treptoceras from the Waynesville shale of Ohio.

Clearly owing to some sort of injury normal shell growth was re-

tarded while secretion of the septa continued. It seems highly

probable that such conditions might result from extensive damage

to the aperture of the shell, which would have to be repaired by

the organism before further adoral progression in the shell would

have been possible. However, wherever minor damage to the

aperture has been repaired, a thing which is by no means uncom-

mon in cephalopods, there is no trace of abnormal crowding of

the septa.
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Types.—Holotype and paratype, University of Cincinnati Mu-
seum Nos. 24210, 24211. Paratype, Shideler Collection.

Occxirrence.—From the Leipers formation of the Cuniherland

River, southern Kentucky. From the pelecypod limestone imme-
diately capping the Tetradium beds. The exact stratigraphic

origin of one of the t}pes is uncertain. The two other types,

as well as two additional specimens, were collected in place.

Faberoccras shidelori Foerstc and Flower
Plate 11, fig. 6; Plate 16, fig. 1; Text fig. 21 B

Shell an exogastric cyrtocone, expanding moderately, com-

pressed in section. The paratype, a portion of a phragmocone,

increases vertically from 2>?> ""'^t'- to 44 mm. in a ventral length of

68 mm., and the holotype increases from 43 mm. in height and

40 mm. in width to 48 mm. and 45 mm. in the 40 mm. of the

phragmocone, and the rate of expansion remains uniform as far

as the incomplete aperture, 48 mm. farther orad, where the height

is estimated at 56 mm. and the width at 53 mm.
The sutures are straight, inclined orad on the venter in the late

stages. The camerse are relatively deep, though varying some-

what erratically. In the paratype the cameras, of which 11 are

complete, vary from 4 mm. to 8 mm. in depth, but average 6 mm.
On tiic holotype the camerse vary from 5 mm. to 7 mm. on the

venter. The adoral camerse are not shortened, and the type

probably does not represent a mature individual.

The siph uncle is uniformly rather far from tlie venter. Adapi-

cally the segment is 6 mm. across, 7 mm. from the venter, and 20

mm. from the dorsum. Adorally it is 12 mm. from the venter, 11

mm. across, and 27 mm. from the dorsum. The figured section

attains the center of the siphuncle adorally but not adapically.

Adapically the segments do not expand so broadly as they do

adorally. Deposits within the siphuncle consist of the discrete

annuli, now of white calcite, the darker segmental lining, and the

obscure discosorid endocones.

The surface of the shell bears numerous closely spaced low

rounded annuli with shallow concave interspaces. These are

shown, though only faintly, on well-preserved internal molds.

They slope slightly a])icad on the venter to form a shallow hypo-

nomic sinus, which is shallower and not so clearly defined as that
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oi Fabcroccras pcrcostatmn. Adorally four aniiuli occur in a

length of 10 mm.
Discussion.—This species can \ye reachly distinguished from F.

travvsverswn by the absence of adoral strong annuH alternating

with deep but irregular .constrictions. The hyponomic sinus is

shallower and the siphuncle is farther from the venter than in

either of those species. The camera; are relatively dec[) in this

form, and the shell expands relativeh' rapidly. The section is

subtriangular, having the greatest width well dorsad of tlie center,

and the venter quite narrowly rounded. F. nmlticinctiDU resem-

bles this species superticiall)- but has a more oval section, the

venter not so conspicuously narrowed, the siphuncle is slightly

more central in position, the camenc are more shallow, and the

shell is considerably more slender.

This species, which was among those described in Foerste's

manuscript, I have considerably revised on the basis of supple-

mentary material, which has served largely to show that among

the specimens originally referred to this species more than one

species was actually involved.

Types.—Holotype and parat}pe, collection of W. H. Shideler,

]\'liami University.

Occurrence.—From the Leipers of the Cumberland River.

Both specimens are from outcrops opposite tlie upper end of Telk

Island, on the south side of the river, near Horseshoe Bottom.

The species has not been found at the Rowena Ferry. By lith-

ology, the holotype is clearly from the pelecypod limestone imme-

diately capping the Tetradiuui beds. The paratype is from the

upper Tctradium bed.

Faberoceras clegans Flower, n. sp. Plate 12, figs. 1, 4; Text fig. 21 E

This species is known only from the holotype, the adoral por-

tion of a large cyrtocone, which has been crushed very slightly

so that the greatest width of the shell lies slightl}' oblique to the

vertical axis of the specimen, and the specimen, as shown in PI.

12, fig. 4, shows the mid-ventral region on the left side, as indi-

cated by the center of the crests of the ventral saddles. The or-

ientation was not ascertained until a section had been made, and

as a result, the sectioned surface shows an apparent decrease in

the diameter of the siphuncle in the central portion because the
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sipliuiiclc curves there luward the venter cjut of the [)lane of the

section.

The couch is ver}' slender, compressed, with a hasal height of O2

mm. and a width of 43 mm. The phragmocone is 60 mm. in

Icngtli on the venter, and 50 mm. in length on tlie dorsum, the

sutures increasing in obliquity orad. At the end of the phrag-

mocone the shell extends at least 40 mm. farther as a living cham-

ber, but is too incomplete for furtlier measurement, and shows no

evidence of modification of the form of the shell. The compressed

.section is not narrower \"entrall\' than dorsally as in most species

of the genus.

The sutures are .strongly cui'x'ed orad on the venter, more so

adorally than ada]>icall}-. The septa are strongly arched, one at

the base of the type measuring 16 mm. in depth, which is equal

to the depth of about four and a half camerae. The cameras

themselves are exceedingly shallow but vary somewhat in depth.

Three occur in a length of 1 1 mm. on tlie venter at the base of the

type. Three Qccur in 15 mm. near the middle of the phragmocone,

again as measured on the venter, and adorally the same propor-

tions noted at the base are attained. The adoral camerje are not

pliorter than those at the base of the specimen and cannot be con-

sidered as gcrontic. However, comparison with other species of

the genus suggests that quite probably the entire part of the phrag-

mocone shown on the holotype is that in which the camerse have

become slighth' .shortened, and earlier parts of the shell may be

expected to show both slightly deeper cameras and narrower si-

piiuncular segments.

The siphuncle is lo,cated with its center 22 mm. from the venter

and 40 mm. from the dorsum. The segments are very broad and

short, wide at the septal foramen, with the short septal necks

strongly recurved and the connecting rings so broadly expanded

as to suggest the .segments of an Armenoccras. The expansion is

greater than in any other species of Faberoceras. A segment 3

mm. in length expands from 7 mm. to 14 mm. within the camerae.

Calcitc obscures the exact outline of the septal necks, but they are

evidently recumbent or nearly so. The necks are surrounded by

annular masses of calcite vvhich are continuous, apparently, with
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the rather tliick connectins; ring. These are evidently primary

annular deposits similar to those noted inider better conditions of

preservation for Paberoceras pcrcostafuiii. These deposits are

not present adorally, but extend throughout the adapical two

thirds of the phragmocone and are not markedly more developed

at the apical end of the specimen than in the middle portion. Tlie

interpretation of the structure shown by this species alone would

not have been possible. However, in the light of the better pre-

served species from the Leipers, it is evident there is no rea-

son to assume the structure of P. clcgans differed from that

of those species in any essential feature. TJie surface of the holo-

type bears obscure low rounded annuli which are spaced equally

over the phragmocone with septa. Happily the annuli can be

traced onto the nonscptate ]i^•ing chamber. The surface, though

poorly preserved and considerably weathered, appears to have

been very similar to that of Paberoceras multicincfum. The an-

nuli are not ver}^ clear upon the venter. There is only a very

faint indication of a hyponomic sinus.

Discussion.-—This species is more closely allied to Paberoceras

niuUicinctiun of the Leipers of Kentucky than to any other known

species. Indeed, it differs from that species mainly in the rather

different form of the segments of the siphuncle, though there are

also minor differences in shell proportions. The shell is more

slender than in P. imilticijictunt, and there is no indication that

the venter was more narrowl\' rounded tlian the dorsum. This

last feature, however, may have been altered by the slight pres-

sure to which the holotype and only known species of /''. elcgans

has l^een subjected. The ver\- shallow cameras are slightly deep-

er than the gerontic ones noted in P. iiiuUicinctum at a consider-

ably earlier shell diameter, and the septa are not so deeply curved

in vertical section as the last septum of that species, though in

earlier septa, and a lesser diameter, the condition found through-

out P. clcgans is duplicated. The siphuncle agrees with that of

P. tnulticinchim in its position, but the segments are considerably

broader, both at the septal foramen, and also in their greater ex-

pansion within the eamerje. Indeed, no other Paberoceras is

knoAvn in which in a late stage of growth the segments of the si-
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phuncle expand as markedly. (Juite probably the earlier por-

tion of t!ie piiragnioconc of tin's species would sbo\v, as docs that

of other .s[^ccies, segments of t'le si])iu>nclc which arc narrower

at the septal foramen aiu! markedly less expanded within the ,cam-

erae. No discosorid endoconcs arc known, for the type consists

only of the adoral part of the shell where such stnicttircs cannot

reasonably be expected to he fovr.id.

Type.—Holotype, Univ. of Cincinnati Museum, No. 2,j86o.

Occurrence.—The specimen w;is originall}- labeled "Hudson

Ki\er beds, Cincinnati." The litliolojry of tlic specimen suj,%fests

the Corryville. Happily, the livinj: chamber .contained a bryo-

zoan. This was studied by Miss Helen Duncan who identified it

as Hallopora ramosa ndyosa, a species which ranges from the

J'ellevue into tlie Mount Auburn anci wliicli is best developed in

the Corryville. The species could not, b\' its lithology, have

come from the Mount Auburn and is re;<ar(]cd as probabl)' Cor-

ryville.

Genus CLARKESVILLIA Flower, n. sp.

Genotype.

—

Clarlccsvillia holei Flower, n. sp.

This genus is closely related to Fabcroceras with which it

agrees in general form and internal structure but differs in having

the venter flattened in tlic late growth stages with corresponding

modifications of the sutures, and in lacking all traces of annuli.

Conch cyrtoconic, slender, compressed in section, with the

venter and dorsum about equally rounded basall}^, but with the

greatest width dorsad of the center adorally, while the ventral

face is flattened and clearly set off from the rounded converging

lateral faces. The sutures slope strongly orad from dorsum to

venter. Lateral lobes, however, are only poorly dcAcloped as in

Fabcroceras. Adorally the broad rounded saddle wliich occupies

the venter because of the obliquity of the sutures is interrupted

where the suture crosses the ventral face. Instead of forming

an evenly curved rounded saddle, it is directly transverse over

the ventral face and set off from the remainder of the suture

sharply. The surface is unknown. The internal mold shows no

trace of annuli. The siphuncle is very similar in the form of its

segments to that of Fabcroceras. It is situated between the venter

and the center of the shell. As in Fabcroceras, the segments are
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closer tu the .center ailurally than adapically, and there may be a

considerable region of adoral cameras and siphuncular segments

which are shorter and broader than those found adapically. The

tiiickening of the connecting ring and the development of annulo-

i^iphonate parietal deposits are as in Fabcroccras. No endocones

are known in the genus.

Discussion.—This genus, based upon a single Waynesville spe-

cies, is separated from Fabcroccras by the obvious but superficial

ilifferences supplied by the adoral section and sutures. The close

relationship between the two is evident. Fabcroccras multicinctum

is probably closer to the point of origin of Clarkcsvillia than any

other known species. The siphuncle of ClarkcsviUia agrees with

that of F. muUicinctuni in position, form of the segments, and in

the development of a broad adoral zone in which its segments, as

well as the associated camerce, are much shorter than in the early

part of the sliell. Furtlier, both species appear to lack endoeones.

ClarkcsviUia has lost the characteristic section, for the venter is

not more narrowly rounded than the dorsum, but the sides which

converge ventrad are truncated by a distinct ventral face, clearly

deiined only in the later growth stages. ClarkcsviUia is known
from an internal mold clear enough to preserve any annuli had

they been present. Th;e smooth interior of the shell distinguishes it

from those species of Fabcroccras which it resembles most closely

in other features, but apparently smooth-surfaced forms of Fabcr-

occras, where the siphuncle is ahvays smaller and closer to the

venter, occur in lower strata.

The genus is known only from one species, Clarkcsvillia hold,

described below, from the "Waynesville shale. Other than Fabcr-

occras, the genus is not known to have any close relatives.

Chirkosvillia balei Flower, n. sp. Plate 42, figs. 3, 1; Plate 43, figs. 1, 4

This form is known only from a single specimen which repre-

sents a portion of a phragmocone lOO mm. in length with a ven-

tral length of 104 mm. and a radius of .curvature for the venter of

al)out 100 mm. The specimen is an internal mold of the camerse,

but the middle portion fails to preserve the wall of the camerse

or of the shell, and proved upon sectioning, to consist only of seg-

ments of the siphuncle. One side of the specimen was weathered

nearly to the center, and the width of the shell is therefore estima-
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chI ill the following description.

At the base of the type the section is compressed, ^S mm. hij^di

v\u\ JO mm. wide, the siplnincle is h mm. in cHamoter and 9 mm.
from the venter. The cross section is probabh" slightly distorted

here. The section .•ip[)ears to be nearly oval, with a very slight

ventral flattening. At the adoral end of the sliell the section is vei"}'

different. Measurements taken 100 mm. farther orad show a

height of 64 mm. and an estimated Vv'idth of 45 mm. The venter

is conspicuously flattened, the ventral face being 13 mm. across.

The siphuncle is 11 mm. from the venter and lias a maximum
diameter of 1 1 mm. Rasall} the camerae average 7 mm. in depth

and the sutures are oblique, forming a broad indistinct rounded

saddle over the venter. Adorally the camerje are shorter, vary-

ing between 6 mm. and 5 mm. over the six camera: following the

break in which no cameras are preserved, and decreasing adorally

to 4 mm.
The segments of the siphuncle are 5 mm. long basally and ex-

pand from 3 mm. to 8 mm. within the camerce. The septal neck

is recurved, but short on the dorsum, and the adjacent part of the

connecting ring immediate!}' becomes free and is nearly straight

as it extends apicad to the next septum to which it is broadly

adnate. On the dorsum, liowcver, the neck is longer, the con-

necting ring adjacent to it adnate to the adoral septum. After an

abrupt bend the ring approaches the adapical septum with scarce-

ly any area of adnation. Here the rings are thickened, especially

about the sej.it.'d foramen, and annulosiphonate parietal deposits

are well develoj-ied. The .condition of these segments is very close

to the condition observed in Fahcroceras saffordi of the Cynthiana

and Cath} s limestones. Adorally where the segments are broad-

er, the .short neck on the dorsum is sometimes not quite recumbent

and the ring is free a('orall\' but joins the adapical septum with a

broader area of adnation tlian is seen basally, while dorsally the

neck is recumbent. The adjacent part of the ring is broadly

adnate, while the adapical end of the ring is free joining the adapi-

cal sci)tum at the foramen. A curious phenomenon of the siph-

uncle is that the parietal deposits are better developed in the cen-

tral segments than at the extreme base. A cross section taken



478 Bulletin 116 560

basally shows that the annulosiphonate deposits arc best devel-

oped dorsally and ventrally while absent laterally. The internal

mold is smooth. Here the segment of the siphuncle appears to

expand from ..j. mm. to ii mm., but because of deposits developed

at the foramen, the actual cavity there is narrower, varying from

2 mm. to 3 nun..

Discussion.—The cliaracters of the genus will serve to separate

this species from species of Faberoceros, the only genus with

which Clarkcsrillia is likely to be confused. The species is unique

among Richmond cyrtocones in the structure of the siph-

uuncle, and, for all practical purposes, may be distinguished from

other compressed cyrtoceracones by the large size of the shell, the

flattened ventei-, and the position of the siphuncle relatively far

from the ventral wall. In Oonoccras, Richardson oceras , and other

Onco,ceratidrc ^vhich may approach this genus in form, the siph-

uncle is cIo,se to the venter, relatively narrow, void of deposits,

arid the ventral face is never developed.

The ventral face and tlie presence of a cyrtoclioanitic siph-

uncle far from the venter suggest the family Apsidoccratida;.

Wliile the Apsidoceratidaj aj}pear in Trenton time, where Clarkcs-

villia is at least as yet unknown, and are not known to have siph-

uncles either as broadly expanded or as elaborately constructed as

any (;f tr.e \Vestono,ceratida!, this genus presents a possible clue

to the origin of that famil}'. Whether or not the Apsidoceratidai

are derived from tlie Westonoceratidas is, however, a very uncer-

tain problem. The\ have siphimcles Avhich are not only free from

any deposits, insofar as the present evidence indicates, but they

have much less expanded siphuncles. The Westonoceratidse, and

in fact the entire Discosoroidea, are characterized throughout by

very broadly expanded segments.

Type.—University of Cincinnati Museum.

Occurrence.—From the Waynesvijle beds of Clarkesville, Ohio.

The precise origin of the specimen is unknown. By lithology it

may have come from the trilobite beds of the lower Waynesville

or from certain beds of the middle Waynesville (Clarkesville).

The lithology suggests the middle rather more than the lower

Waynesville but is not conclusive. Collected and donated by Dr.

Kelley Hale.
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BREVICONIC GENERA OF UNCERTAIN POSITION

Three of the genera of nautiloids whicli occur in the Cincinnati

rocks are not well enough understood to permit their reference to

any family with certainty. These are grouped here as genera of

uncertain position, a course which is considered preferable to

placing them in any family without adequate morpiiological justi-

fication. Vaupelia is an exogastric depressed cyrtocone, which

might belong to the Oncoceratida or to the Valcouroceratidx.

Tlie forms are rare, and preservation is not adequate to show

whether deposits are naturally absent or absent through poor

preservation or, as is clearly the case in Manitoulinoceras, through

a delay of the appearance of the structures to the gerontic stage

of the shell.

Recdsoceras is inadecjuately known internally. It is believed

that this genus may be a member of the Discosoroidea, closely

allied to Faberoceras. However, nothing is known of the inter-

ior of the two species of this genus thus far recognized.

Fayettoceras has not been studied at lirst hand owing to a lack

of suitable material. The form of the shell is such as to suggest

a close relationship with Manitoulinoceras, and, therefore, sug-

gests a reference to the family Valcouroceratidse.

Genus VAUPELIA Flower, n. gen.

Genotype.

—

Vaupelia rasselli Flower, u. sp.

This genus is erected for breviconic exogastric cyrtoceracones

of depressed section. The phragmocone is gibbous, the living

chamber is slightly contracted orad if at all. The sutures are

characteristically oblique, sloping strongly orad from dorsum to

venter. The camerse are relatively deep and the large ventral si-

phuncle is made up of broad rounded segments, slightly scalari-

form in vertical section, having the brim recumbent dorsally and

scarcely bent ventrally, and having a broad area of adnation on

the venter but none on the dorsum. No organic deposits are

known within the camerse or the siphuncle. The aperture has

not been clearly observed but appears to be simple and without

a hyponomic sinus.

Discussion.—This genus is erected for two very characteristic
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species from the Fairview of Cincinnati, which are distinct in the

pecviliar form of the shell, the strongl\ ol^lique sutures, and the

large ventral empty siphuncles. To these are added a third species

from an unknown horizon and l(jcalit\ in the Cincinnatian of

Indiana. The contemporaneous Augustoceras though some-

times depressed in section, alvvaj.s has the dorsum markedl)- flat-

tened and the venter narrowly rounded. .Vlso, it has a smaller

siphuncle and actinosiphonate deposits. Sfanfjcroccnis Foerste

(1932, 1933) agrees with this genus in being a depressed cyrto-

cone but is only slightl}' .contracted adorall} . Its siphuncle is not

well knov\n but is obviousl}' small. Schojlcldoceras expands

to the adoral third of the living chamber where the shell begins

to contract abruptly. The sutures are not oblique and the si-

phuncle is obviously small.

The relationship of J'aupclia is still uncertain. It differs from

other depressed cyrtoceracones in the large size of the siphuncle.

It differs from other genera with the relatively large siphuncles in

the absence of organic deposits. Spe,cimens of the two known

species are unfortunatel}' very rare. In spite of the years in which

collections have been made in the region of Cincinnati, each spe-

cies is known at the present time from a single specimen.

Strangely enough, the .contemporaneous Leipers formation of

southern Kentucky, which is so rich in c)'rto,conic material, has

failed to reveal any representatives of this genus.

This interesting genus has been named for Mr. Charles E.

Vaupel, the last of the oldtime Cincinnati collectors.

Yaupelia russell Flower, n. sp. Plate 9, figs. 3-5

Conch breviconic, slightly curved exogastrically, depressed in

section. The holotype, and only known specimen, is convex over

the venter to the base of the living chamber, where it becomes

straight or nearly so. The dorsal profile, probably slightly con-

cave adapically, is slightly convex over the adoral part of the

phragmocone, becoming essentially straight over the living cham-

ber. The sides are convex over the adoral part of the phrag-

mocone, constricted at the base of the living chamber, and nearly

tubular, very faintl.s' cr»nvex. to tlie aperture. The type y)res2rves

a phragmocone 2y mm. in lengiii, very incomplete. A(hipi,caii)
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this must have had a width of 25 mm., and a height which was

considerably less. In 18 mm. the greatest diameters of 30 mm.
and 22^ mm. are attained, and in 9 mm., at the base of the living

chamber, tlie concli contracts to 25 mm. and 21 mm., and in the

17 mm. of tiie living chamber the aperture attains a width of 22

mm. and a height of 17 mm.
The phragmocone contains eight camera?, subequal in length.

The sutures slope strongly orad from dorsum to venter. The si-

phuncle is close to the venter, unusually large, and is .composed of

segments which are subspherical. Owing to the oblicjuity of the

septa, the neck is more strongly recui*ved on the dorsum than on

the venter, and the area of adnation is strongly developed at the

apical end of the segment on the venter. The wall of the siph-

uncle is replaced in part by pyrite, but there are no organic de-

posits which can be recognized with certainty.

The aperture appears to be rounded and simple. However, it

is possible that the adoral end of the specimen does not represent

the true aperture of the shell. Both the aperture and the septa

are strongly inclined orad on the venter suggesting distortion of

the shell. However, the condition of the septa suggests that this

phenomenon is more probably normal, as fracture or uneven

curvature of the septa, vvliich usually result from such modifica-

tion, is lacking.

Discussion.—In general aspect and proportions, this species is

unique. The strongly depressed section, in which the venter is

not narrowly rounded, distinguishes it from the contemjXjrary

Aivgustoceras, with which it also fails to agree in the shape and

large size of the siphuncular segments and the absence of actinosi-

phonate deposits. C}Ttoceracones of depressed section in tlie

Richmond are few and fail to agree with this form generically.

The siphuncles are smaller, and the living chamber is not distinct

in outline from the phragmocone.

This species is known from a single incomplete specimen, but

happily the essential structural features are shown, and the onl\'

closely related species, V. scihcrti, is a much larger and a more

gibbous species.

Type.—Holotype, Univ. of Cincinnati, No. 24226.

Occurrence.—From the Fairmount beds at Bald Knob, Cin-

cinnati. Collection by Mr. R. T. Russell.
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Vaupelia seihcrli Flower, n. sp. Plate 9, figs. 6, 7; Plate 10, fig. 3

This name is erected from die reception of a single known
specimen coiLsisting of only a phragmocone, agreeing in structural

features with l\ russelU, but much larger and more gibbous. The
holotype is 32 mm. long, increasing from 16 mm. and 25 mm. to

23 nmi. and 17 mm. in a ventral length of 35 mm. and a dorsal

length of 27 mm. The type is vertically flattened slightly by pres-

sure, more so adapically than adorally. The e.\tant portion of the

specimen consists of six camer?e averaging 5 mm. in length on the

venter. The sutures slope forward from dorsum to venter. The

septa arch normal to the suture and are equal in convexity to the

depth of a camera. The siphuncle is large, placed close to the

venter, and is composed of rounded segments scalariform in ver-

tical section, with the area of adnation developed on the ventral

side adapically, and the septal neck only slightly recurved there,

while in the dorsum the brim is recumbent and no area of adna-

tion is present. A segment 6 mm. long expands from 3 mm. to

7 mm. within the camera. No organic deposits are known.

Discussion.—The extant part of the phragmocone retains a

very faintly gibbous aspect which, together with the resemblance

found in the fomi and large size of the siphuncular segments, in-

dicates a close relationship with the smaller V. russelli.

Type.—University of Ciucinnati Museum, No. 24227.

Occurrence.—From the Mount Hope beds, Rapid Run Creek,

Cincinnati, Ohio. Collected and donated by Mr. H. J. Seibert.

Vaupelia (?) miiiutum Flower, n. sp Plate 41, figs. 6, 7

This is a tiny brevicone represented in our material by two

flattened specimens from an unspecified horizon and locality in

tlie Cincinnatian of Indiana. The holotype, the better of the two

specimens, is a flattened shell 28 mm. long. It is flattened oblique-

ly, but the sutures, as well as the shape, show exogastric curva-

ture and suggest that this was a shell originally depressed in sec-

tion. The phragmocone of six .camera; is 15 mm. wide at the base,

expands to 17 mm., and contracts to 16 in a length of 15 mm.

The shell is constricted at the base of the living chamber whicli

then expands to a width of 18 mm, and contracts to an aperture

of 15 mm. The aperture is obscurely preserved and no hypo-
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nomic sinus is evident. Tlie siplumcle is obscure. A second

spGciiuen is somewhat less distorted but is badly weathered. It

is depressed in section, 15 mm. wide and 12 mm. hiq;h at the

base, has a phra^{mocone of four camercC with a veiitral len,i,n:h

of 9 mm., a constriction at the l)ase of the livin[,- chamber, which

is abruptly exjianded bcN ondi an<] then contracts j^radually to the

a])ertu;e. 'Vhe sutures slo)>e orad from dorsum to venter as in the

l.olct^pe. TJie livino' chamber lias about the same proportions

but is so bad}}' AveatJiered that the aperture cannot be reco^>n!zed.

Discussion —This species is kiiown to me only from these two

small specimens. Nothini.^ approaches it in 'proportions and

aspect elsewl-ere in the Cincinnntian. The constriction at the base

of t'lc livin.rf ch.amber has beer, found elsewhere only in the j<eno-

type of Vanpelia. the only form which seems to resemble tliis e\'en

renif tel;.'. It is typical of the genus, insofar as it is known, in

t'le form of the s'aell. However, it is so little knowi"- that its

Lycneric position can not be rei^'ard.ed as a certainty.

Types.—Holotjipc and paratype, Univ. of Cincinnati.

Occf.rrcucc.—The ori'.;-inal label reads "Hudson River i^^roup,

Indiana." The localit\' and hori^ron are unknown. 1^he known
rai'.fje of VaupcUa suggests that this species is }"irobah;l)- ivlays-

\ ille, l)ut the inference is hardly a safe one.

CbnuH REEDSOCEKAS Focrsle

Gcr.otjpe. il. riacroxtomnm (iin!])

.

<"o,iiy7.'i.';w.'v;,t Facrs'c, .iLi:.\S, Dciiifion UnJv. Bui'., Sei. .lj.:)h., .(or,r., vol.

:;."!,
i>.

2<.S. Net Co'iXradorcras Pocrylo, l(;2l5.

lictd-icecrcwi Foereto, 19:20, Donison Univ. Buli., Si-i. Lnb., Jour., vol. 24,

l:4, i-p. 2;;3-2:i4.

The shell is a rapidly expanding exogastric c}'rtocone, the ex-

pansion continuing to the ay^erturc. The sliell is oval in cross

section, sligh.tly liigher tlian wide in the genot\-]>c. and. siightl}-

broader than high in the specimen described below, which may be

the result of vertical flattening of the shell in this case. The

sutures are straight and transver.'--c to the shell axis. The siph-

uncle lies close to the veriter and is .composed of relative!}- large

cyitochoanitic segments. Tlie details of its structure are known.

Th.e aperture is straight and transverse without an\- development

(^f thiC ""1} [.ono^uic sinus.
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Discussion.—7\lthough of very generalized aspect, this genus

is known only from two rare species, the genotype, R. macrosto-

ynum (Hall) (see Foerste, 1928, pp. 208-9, pl- 44» fig- lA-C) of

the Platteville limestone of Wisconsin and R. mcjarlani Flower,

n. sp., from the Cynthiana of Kentucky. As nothing is known of

the details of the structure of the siphuncle, the position of this

genus is uncertain. The large size of the siphuncle of the geno-

type suggests the Westonoceratidae, and the genus may belong to

that family, being related to Faberoceras. Superfically it resembles

members of that genus somewhat, but Faberoceras has the adoral

part of the shell more tubular, is strongly compressed in section,

and has a well-developed hyponomic sinus. R. mcjarlani does not

show the aperture clearly on the venter, but resemblance to the

genotype is so strong that a close relationship is quite evident.

Keedsoccrns nicfarlani Flower, n. sp. Plate IG, figs. 4-6

Conch ,cyrtoconic, rapidly expanding, slightly depressed in

section. The type has a ventral length of 90 mm., with the radius

of curvature increasing from 80 mm. over the adapical portion

to 150 mm. on the mature living chamber. The dorsum is much
less curved than the venter throughout. The shell expands from

14 mm. and 16 mm. at the base to 34 mm. and 36 mm. in the 50

mm. of the phragmocone, and to 37 mm. and 53 mm. in the 40

mm. of the venter of the living chamber.

The sutures are straight and transverse dorsally and laterally

but form low rounded rather obscure saddles over the ventral

side. The camerse are shallow, the 15 present on the type oc-

cupying a maximum (ventral) length of 80 mm. and varying

in depth from 3 mm. to 4.2 mm. The last two camerse are short-

er than those preceding, suggesting the approach of maturity. The

siphuncle is poorly exposed, but clearly lies close to the venter,

and is made up of expanding segments, which are probably sub-

spherical.

The middle of the living chamber bears a faint constriction,

evidently a feature of the mature shell. The aperture is wide and

is straight and transverse on the dorsum. It is less clearly pre-

served on the venter but shows no indication of the presence of

a hyponomic sinus. The ornament consists of transverse lines of

grov^'th

.

Discussion.—This species is quite typical in form of the genus
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Reedsoccras, to which it is referred. The single specimen came

into my hands, with no data as to its origin, as part of the col-

lection of the C'incinnati Societ}- of Natural History. The matrix

showed clearl} li\- lithology that the material was from the Cin-

cinnati area. I'urthermorc, fossils embedded within the matrix

make it reasonably certain that the specimen is from the up!)er

part of the Cynthiana limestone, probably from the Ohio River.

'I'iie matrix, though scanty, contained among other fossils two

licads of Cryplolifhus Icssclafits. This species is abundant in the

(.'ynthiana and lulen, and though, it has been reported higher in

the section from the Ma}sville (Bassler, 1915), it has not to my
knowledge been encountered there in any such abundance. The

condition of the matrix, a line-grained silty limestone, is common
in the Csnthiana but not known in the Eden. I, therefore, re-

gard tb.e specimen as Cxnthirma in age.

Tv/h'.—H.olotyi)e. No. 23911, Cincinnati Societ}- of Natur;d

History Collection, University of Cincinnati Museum.
Qccnrreucc.—Probably from the upper [)art of the Cynthiana

lim.estone in the vicinty of Cincinnati.

Genus FAYETTOCERAS Foerste

(ioriotypc.

—

Cijrloceid.-i l]:.nmpsoni Ivlillcr.

Fn yr it00 ra.-i Foeisto, 19.''.o, Deniaon Univ. Bull., Sci. Lab., .Jour., vol.

'JS. p. 134; Focrsto, 19^5, iMd., vol. 'A?,, p. -17.

The position and even the validity of this genus are uncertain.

Foerste erected it for moderately slender cyrtoceracones of exo-

gastric curvature and depressed section. The sutures are straight

and transverse, the siphuncle is expanded witliin the camerje and

is located on tlie con\ex ventral side of the shell. Growth lines

of the surface are transverse luit ma}' form a hyponomic sinus.

Foerste has placed in this genus three s{>ecies, fayettoceras

fhoripsoni (Miller) of the upper Richmond, probably Whitewater,

of Indiana, Fayettoceras ( ?) beloifcnsc Foerste of the Black River

Platieville limestone, and Fayettoceras cauyov.cnse Foerste of the

Fremont limestone.

None of the specimens available for this study appear to be

conspecific with tlie genotype. Although tliis species was rede-

, scribed by Foerste, it is still quite inadequately known and appears
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to be represented only by its liolotype. In the opinion of the

writer it is highly probable that Fayettoceras is either a synonym

of Manitoulinoceras or a very closely related genus. Of the spe-

cies of Manitoulinoceras, 1\I. erraticum is closer to the genotype of

Fayettoceras than any other species, but this form develops from a

fairly rapidly expanding cyrtocone in the younger stages to

a considerably more slender shell in the mature part. As this

change in proportions occur on a part of the shell commensurate

with the part of Fayettoceras thompso.ni shown on the genotype,

the species are regarded as distinct. Further study of the siph-

uncle of Fayettoceras is needed to determine whether it is closely

similar to that of Manitoulinoc eras. Fayettoceras seems to differ

from Manitoulinoceras mainly in its greater rate of expansion and

deeper camera?. It is to be feared that no natural boundary exists

separating the genera.

Foerste's figure of Fayettoceras thompsoni is reproduced here,

together with his description. No other Cincinnatian species ap-

pears to be typical of the genus.

Fayettoceras thompsoni (Miller) Plate 31, figc. 1, 2

Cyrtocercis thompsoni Miller, 1894, Indiana Dcpt. Geol. Nat. Ees. IBtli

Ann. Eep., p. 323, pi. 10, figs. 7, 8; Gumings, 1908, Indiana Dept. Geol.

Nat. Res., 32nd Ann. Hep., p. 1029, pi. 49, figs, o, 3a; Bai^slcr, 1915,

U. S. National Museum, Bull. 92, vol. 1, p. 357.

Fayettoceras thompsoni Foerste, 1932, Denison Univ. Bull., Sci. Lab.,

Jour., vol. 27, pi. 31, fig. GA-B; Foci ate, 1933, ibid., vol. 28, p. 135.

This species appears to be known only from the holotype. This

specimen in the collections of the U. S. National Museum has not

been available for the present study. Foerste's redescription and

figures are therefore reproduced here.

Only a fragment of tlie phragmocone is known. This is 43 mm. in length

when measured along the curvature of the ventral side. The radius of

curvature of the venter is 100 mm., the curvature of the dorsum is about the

same. The shell increases from a height of 18 mm. and a width of 20 mm.
to a height of 27 mm. aird a width of 30 mm. The basal 12 camerse of

the phragmocone are suboqual in length and occupy 30 mm. on the venter.

The adoral six camera are shorter, occupying a length of 12 mm. The
sutures are essentially straight and transverse. The septa are only

slightly concave. The siphuncle is ventral, the segments expanding from
1 mm. to 3 mm., nearly globular, but slightly elongated. Shell surface

with transverse striae. These are obscure ventrally, v/here they may slope

apicad forming a hyponomic sinus.

Discussion.—The temporary storage of types of the U. S.

National Museum has made it impossible to restudy this speci-

men. Foerste's figure of the shell fails to show the septa which
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are evidently very obscure. The siphuucle is described but not

illustrated. This species is regarded by the writer as probably

allied to Manitoulinoceras and close to M. crraticum. That spe-

cies has a rapidly enlarging phragmocone, but one which becomes

straighter adorally. Apparently no adoral reduction in expansion

occurs in commensurate parts of F. thuuipsoni. This species is

included here for completeness, though it is still quite inadequately

known. It is quite possible that it is not distinct enough from

Manifoulinoccras to be set aside in a distinct genus. Typical

Manitoulinoceras is more slender and has more closel}' spaced

cameree. However, in the early stages of the genus the cameras

ccre deeper and the shell expands more rapidly, a condition better

developed in M. modcrafum and its allies. Fayettoceras seems to

be clcsely allied to such species.

Holoytpe.—U. S. National Museum, No. 64334.

Occurrence.—From the upper part of the Richmond, at Long-

wood, Indiana. The horizon is probably Whitewater but ma}-

possibly be Elkhorn.

COILED CEPHALOPODS
Family APSIDOCEKATID^ Hyatt

This family, as emended b}- the v\Titer (Flower, 1943) is con-

fined to curved and generally coiled shells, exogastric, externally-

smooth or with only lines of growth and sometimes lateral costae.

The hyponomic sinus is always developed. The whorl is broad,

usually with the venter conspicuously flattened. The sutures

develop lateral lobes in primitive forms, in which the section is

relatively narrow and high, but these are lost in broader and more

specialized types. Instead, with tlie broadening of the shell, a

lobe comes to be developed on the broad ventral face. The si-

phuncle is cyrtochoanitic, the segments empty, and is somewhat

variable in position, though never close to either the dorsal or

ventral faces.

The family seems to be dominantly arctic in origin, as can be

seen by the distribution of the known species, briefly reviewed

elsewhere by the writer (Flower, 1943). Only two genera and

species of this interesting group have been found in the Ordovi-

cian of the Cincinnati region, Charactoceras, represented here by

the genotype, which is perhaps the most characteristic cephalopod

of the \Vhitewater beds, and the rarer Cliaractocerina faberi
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which occurs sparing!} in the upper Whitewater beds.

Genus CHARACTOCERAS rocii.tc

Goiiotypo.

—

Trodwccrati ? hurri Meek uiiu Woi-lluii.

Charactoceiati Foerstc, 1924, Der.ison Univ. Bull.. Sci. Lab., Joar.. vol.

20, p. 234; Tioeiifsou, 1926, Mcildelclsor uni Gio^nlaml, vol. 71. p. :;9

;

l^oerstc, 1929, Dein»on Univ. Bull., Sci. Lab., Jour., vol. 2i, p. 17! ;

Foerate, 1935, ihid., vol. 80, p. 83; Roj, 1941, Fiohl Mus. Nat. Hist.,

Geol., Mnii. vol. 2, p. 13:;; Flower, 194.''., Jour. I'al., vol. 17, p. 262.

Conch coiled, rapidly expandin*];', developin<;- an impressed zone

from the completion of the first whorl. Section broad, the venter

flattened, the sides rounded, converging dorsad toward the im-

pressed zone. .Sutures essentially straight lateral!}', hut tending

to form a broad shallow lobe on tlie venter, and anotlier lobe,

usually not clearly displayed, in the impressed zone. The siph-

uncle is nummuloidal. located ventrad of tlie center, expands

slightly within the camene, and is free froju any accessory de-

posits.

The surface bears transverse lines of growth wliicli slope apicad

from dorsum to venter in the young. In the adult they are some-

what more transverse laterally but form a clearly defined hypo-

nomic sinus on the broad flattened venter. Foerste (1935) states

of the genus that "there is no trace of transverse ribs" and placed

all species with transverse ribs in Charactoccrina. Though the

genotype, CharO'Ctoccras baeri, does have transverse ribs in the

early grovviih .stages, these are well developed on!}- on the first

whorl and are a^jparently wanting in most specimens owing to

unfavorable conditions of preservation. However, the writer be-

lieves that a natural distinction remains t>etween those species

which lack ribs on the mature wliorl and tliose whicli show a

persistence of costae to or close to the aperture, and that Char-

actocerina is a suitable receptacle for the latter group of species.

The two are undoubtedly very closely related. It is uncertain

whether Charactoccras represents a modification of Charact-

occrina, in which costae are being suppressed by tacliygenesis, or

whether Charactoccras is ancestral to Charactoccrina and the

costae are being developed proterogenetically. Both genera occur

in the late Trenton boreal and Richmondian faunas, and it is diffi-

cult at the present time to say whicli, if either, genus appears first.

Kay lias listed a Charactoccras from tlie Stewartville, but tlie

species has not been described nor illustrated, and it is probable
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that his observations were made prior to the recogiiiticMi of a

distinction between Charactoceras and Charactocerina. An un-

described Charactoceras from the Trenton of New York, though

poorly preserved, perhaps too poorly preserved, to retain costse

had any been present originally, suggests that Charactoceras

is the older genus. Further, of all the Arctic cephalopod associ-

ations, the two yielding Charactoceras, the Cape Calhoun series

of Greenland and the "Richmond" (Roy, 1941) of Mt. Silliman,

Frobisher Bay, Baffin Land, .contain a preponderance of species of

Trenton affinities suggesting strongly that they are at least pre-

Richmond in age.

The species currently placed in Charactoceras are listed below.

C baeri (Meek and Worthen). Lower and upper Whitewater

beds, Indiana and Ohio.

C. baeri ( ?) Troedsson, 1926. Cape Calhoun beds, Greenland.

C. (?) canyonense Foerste. Fremont limestone. Colorado.

C Hercules (Billings). English Head formation, Anticosti.

C. laddi Foerste. Maquoketa shale, Iowa.

C. rotundum Troedsson. Cape Calhoun series, Greenland.

C. schucherti Foerste. Trenton ? Frobisher Bay, Baffin Land.

C, sp. indet. I. Troedsson. Cape Calhoun series, Greenland.

C, sp. indet. II. Troedsson. Cape Calhoun series, Greenland.

C, sp. (listed) Kay, 1935. Stewartville dolomite, Minnesota.

C, n. sp. Trenton limestone, western New York.

Charactoceras baeri (.Meek and Worthen) Plate 31, figs. G-8; Text fi^g. 22

Trochoceras ? haeri Meek and Worthen, ISiaS, Acad. Nat. Sci., Pliila-

(ielphia, Proc, p. 263; Meek and Worthen, 1873, Ohio Geol. Surv., Pal.,

vol. 1, p. 157, pi. 13, fig. 9; Miller, 1875, Cincinnati Quart. Jour. Sci.,

vol. 2, p. 133 ; Uhich, 1880, Cut. Foss. Cincinnati Group of Ohio, In-

diana and Kentucky, Cincinnati, p. 22.

LHuitcn haeri James. 188G, Cincinnati Soc. Nat. Hist., Jour., vol. 8.

p. 248.

(hjroccrcui icicii Miller, 1889, N. A. Geol., Pal., p. 441.

Lituites haeri Leslev. 1890, Pennsvlvania Geol. Surv., Rep. Progi-. 4. p.

1228, figs.

Gyroceras baeri Harper and Bassler, 1896, Cat. Foss. Trenton and Cin-

einnsiti Periods, occurring in tlie Vicinity of Cincinnati, Cincinnati,

p. 27; Cumings, 1908, Indiana Dep. Geol. Nat. Res., Ann. Rep., 32, p.

1932, pi. 51, fig. 1; Nicklcs, If'O:.', Cincinnati Soc. Nat. Hist.. Jour.,

vol. L'O. p. 95.
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Ohavactociras baeri Foertite, 1924, Dciiisoii Uiiiv. Bull., bei. i<;!b., Jour.,

vol. 20, p. 235, pi. 31, fifT. 1; pi. ;;!2, fig. lA-B; pi. 33, fig. lA-B; pi.

34, %. lA-B, 2.

Figure 22. Charo-ctoceras hacri (Meek .-ind Wortlicn). A. Aperture,

seen from the ventral side. From Foerste, 1924, pi. 32, fig. 1. B. Same
speeimei), ventral view, showing gerontic ciuncra:- ixi auoral emi of phrag-
mocono. C. Same specimen, later.-il view, allowing the gyroconic condi-

tion of the living cliamber. D. Section through phragniocone showing form
of siphuncle. E. Diagrammatic cross section. F. Projection of suture.

A-C. After photographs of Foerste, 1924. All figures about 1/3 natural

size.

This is a larye coiled shell, the whorls raiiidly expandiniJ," in

the early portion. There is apparently an appreciable umbilical

perforation, the shell is depressed in section from the earliest

portions observed, and an impressed zone appears at tlie .comple-

tion of the first volution of the shell. This is retained throuirhout

life with little change, until the gerontic living chamber is reached.

This becomes free dorsally and apparently loses the impressed

zone, though clearl}' preserved dorsums of such living chambers

have not been observed.

The cross section of the shell is exceedingly difficult to deter-

mine, inasmuch as nearly all of the extant specimens are more or

less distorted by pressure. However, it is evident that the venter

is flattened, forming a rather distinct face, the sides ai*e strongly

rounded laterally, becoming less curved upon approaching the

dorsum, so that they become nearly flat as they approach the im-

pressed zone. The impressed zone is concave.
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1"lie sutures are transverse veutrall} , develop slight lateral

lobes, and prominent annular lobes on the impressed zone. The
sutures are essentially strai^^ht in the earlier stages v.hich are,

liowever, rarel}- obsei"ved.

The sipiiuncle lies about twice as far from the dorsum as from

the venter. Its segn;ents expand slightly v/ithin tlie cameras bii.t

are def:nitcl\- longer than Vv-i<!e. The septal necks are only slight-

!} recun-ed, and the segments are only faintly scalariform in

vertical section. No deposits are knovru in the siphuncle or

camerie.

The livirig chamber occupies about a quarter of the outer whorl.

The shell diameter at the point at which the living chamber be-

comes free from the earlier whorls appears to be variable, but

much of the variation may Ix! the effect of distortion of the shell.

'['he surface of the mature shell bears transverse lines of

grovvtli which slope apicad over the venter describing a broad

h.yponcmic siniis. The curvature of the grov.th lines toward the

venter begins slightly ventrad of the umbilical shoulders and in-

creases as the \entral surface is approacr.ed. Karly parts of the

shell show a fasciculate ornamentation and are obscurely costate.

This is sh.ov.n on one specimen at a diameter across the disc of

45 mm. (PI. 31. fig. 6.) In earlier stages the surface has not

been clearly o])Sv^rved. One small specimen from the Hitz bed at

Madison .shows transverse markings of the shell ^clearly which are

rather coar.5e alternating striae and lirre. but this shell is .so crushed

that the condition of the costse there is uncertain. There can be

little doubt, hov/ever, but that the early stages of Charactoceras

i\\o\\r the costate condition typical of ri-iature Cyrtocerina.

Discussion.—This species is one rarely met with in collections.

It is confined to the upper part of tlie Richmond and is really

abundant only in the cephalopod zone which it characterizes just

above the base of the Whitewater. At this horizon, on Little

Four Mile Creek, a layer packed with shells of this species was

found, which yielded probably a hundred specimens. Many,

hov.-ever, vrere fragmentary, many vrere poorh' preserved, and

practically all v;ere ilistorted. In su.ch an association living

chambers and the outer v.-horls ai'e common but the early stages

are almost always missing and the surfaces were very ix)orIy pre-

served.
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The same species has been found, though less abundantly at

other localities where the lower Whitewater is exposed, on Flat

Fork Creek near Oregonia, in various localities other than

Little Four Mile Creek at Oxford, and at a locality (which was

j)robably the source of the type sj'x^ciinen) in Richmond, Indiana,

now .covered b\' a piano factory. Other specimens have been

known from the basal Whitewater on the old road from Versailles,

Indiana, north to Osgood, but the species has not been found in

the basal Whitewater farther south. The species is rarer in tlie

upper Whitewater beds, but occurs there, and was collected by

tiie writer from above the Saluda at Versailles, Indiana. The

upper MHiitewater form appears sometimes to have a slightly more

quadrate cross section, with a more definitely flattened venter.

However, the inspection of a large suite of species lias lead to the

conclusion that this is merely a difference due to preservation,

for upper Wliitewater forms are usually less distorted than those

from the lower V/hitewater, largely because they are not found

in the higher horizon in shale but in limestone better adapted to

pi'cserving the original form of the shell.

This species presents various aspects ov/ing to the effect of

flattening of the shells in different directions, which depends on

the position of the shell in the rock, flattening always being ver-

tical v/ith reference to their original position. For this reason,

precise measurements have little value in the recognition of this

form, and it has not been possible to make as close comparisons

as might be desired among the different specimens. It is not

possible to say whether the presence of only a single species of

Charactoceras in the Cincinnati area is actually the case, or

whether the distortion to wdiich most shells have been subjected

makes it impossible to recognize more.

Measurements of a number of the finest specimens of this spe-

cies have been given by Foerste (1924) together with copious

illustrations of this species. These are supplemented in the pres-

ent work by some other specimens, but due to Foerste's alread}-

numerous figures, some of which are reproduced here, the species

is not so fully illustrated in our plates as would have been neces-

sarv witliout his work.
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Types.—Hv\ot\[jc, location unknown. 11} polypes, U. S. Na-

tional Museum, a number of specimens figured by Foerste, from

the collection of Dr. W. H. S'hicleler and a large suite of speci-

ir.cns in the collections of the University of Cincinnati Museum.

Occun-ence.—Lower and upper Whitewater beds. Tr.e species

ranges from l^lk Run, near Winchester, Ohio, westward to prac-

tically all good exposures of the lower Whitewater, at Camden, at

Flat Fork Creek, and around Oxford, continuing into Richmond,

and soutli nearly to Versailles. Indiana. The geographic range

of the species in the upper W'hitewater is more restricted, but it

occurs at this horizon at Richmond, and Versailles, Indiana, and

the form is present in the Hitz layer at Madison, Indiana. I

have no record of upper Whitewater forms in Ohio.

Genus CHARACTOCERJNA Foei-ste

Genotype.

—

Euryntomilr.'i plicatxuv \V}iit<-avos.

Clmr'tctoi-rrina Focvs'o, 19:'..j, Deni?.on TJniv. P.uH,, Sci. L':b., Jour., vni.

30, ]). 85; Flower, Wl",, .lour. Paleont.. vol. ]7, p. 2(;2.

Conch coiled, involute, with a broad conspicuous impressed

zone in the later v/horls, a section which is strongly flattened on

the broad venter, with rounded sides converging strongly dorsad

and interrupted by the impressed zone. Shell rapidly expanding,

whorls few. Sutures with a broad ventral lobe, and a lobe in the

impressed zone, largely transverse on the lateral faces. Siph-

uncle central or slightly ventrad of the .center, com{Ktsed of slight-

ly expanding empty segments. Surface with prominent lateral

costse, usually clo.sely spaced, persisting at least to within a half

whorl of the mature aperture. Aperture with a ventral hypo-

nomic sinus.

Discussion.—This genus is distinguished from Charactoceras

only by the persistence of the costas throughout life. Charact-

oceras itself has ,costfe only in the first whorl. C. jaberi, the only

species of the Cincinnati region remotely referable to this genus,

I place here because of the prominence of the lateral costa;, al-

though properly this species is known only from a portion of the

shell evidently included in the first whorl, Charactoceras, itself,

may have costae in this .stage, but I know of no species in which

the costse are as distant and as distinct even in the first whorl.

The known species of Charactoceviim are confined to the

Richmond and the Arctic boreal faunas of Red River atiinities.
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The species are as follows

:

C. ccstulata (Miller). Bighorn iorniation, Wyoming.

C. jaberi (James). Upper Whitewater beds, Indiana.

C. multicarncrala (Foerste). Bighorn formation, Wyoming.

C. plicata (Whitcaves). Dog Head and Selkirk beds, Mani-

toba.

C kirki Foerste. Bigliorn formation, Wyoming.

C. zvashakieiisis (Miller). Bigh.orn fonwation, Wyoming.

Cliaraclocerfna (?) fahcri (Jaincs) Plato 27, figs. 4, G

Cyrtoceras fahcri James, 1S88, Cincinnati Soc. Nat. Hist., J car., vol. 8,

y. 2i'o, pi. 4. figs. iJa.-b.

The holotype is a small cyrtoconic portion of a phragrnocone

with a maxirniuji length of 39 mm., a length along the curved

ventral margin of 49 mm., a radius of curvature increasing from

,21 mm. to 23 mm. Tlie height of the shell increases from 10

ir.m. to 15 nvM. l"he section vvas probably nearly circular, cer-

tainly about 10 mm. in width at the base. The right side of the

specimen is missing, and the specimen has been ground, show-

ing the siphuncular passage of the septa adapically. Adorally

the section is oblique and the center of the specimen is lost. It

niay be this wliich gives tlie false impression that the shell be-

comes slightly compressed adorally. The section is circular

adapically ; adorally the venter is slightly flattened.

The sutures are essentially transverse on the venter, and the

plane of the suture is normal to the curvature of the conch. La-

terally slight lobes develop in the adoral region. The ten cam-

erre which ,comprise th.e type increase in depth from 4 mm. to

4.9 mm. About four camera occur in a ventral length equal to

the adoral height of the shell. The siphuncle, seen only near the

apical end, has very short straight septal necks. The septal fora-

men is about .8 mm. in diameter and is 2 m.m. from the ventral

wall of the shell. The connecting rings are missing.

None of the original fine markings of the surface are pre-

.sen'ed, if any w^re present. The adoral portion of the sliell shows

conclusive evidence of the presence of oblique costoe which slope

rapidly apicad upon approaching the venter btrt disappear leav-

infr tiie ventral surface of the shell smooth.
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This species seems to be known only from the small and very

incomplete holotype whicli is adequate for recognition of the

species but is not sufficient to show the correct generic position

beyond doubt. The species resembles two genera, or perhaps

three, which are doubtfully distinct. Tlie writer has elsewhere

questioned the distinction between Mctaplcctoceras and Plcclo-

ceras, largely because the genera were separated on a feature

(namely, whether the whorls were in contact) which varies in in-

dividuals of the genotype of Plectoceras. This species is quite

typical of Plectoceras in the broader sense in section, costse, the

slight flattening of the venter, curvature, and the condition of the

siphuncle. Usually, however, the siphuncle of Plectoceras is

closer to the ventral margin of the shell, and the absence

of connecting rings in the present species leaves some room for

doubt as to whether the siphimcular segments were perfectly

tubular as in Plectoceras, or whether they might have expanded

slightly in the cameras. The genus Charactocerina Foerste

(1935, p. 83) was based upon Eurystomites plicatus Whiteaves

of the Red River beds of Manitoba. Foerste separated tliis genus

from Charactoceras on the basis of the development of ribs on

the dorso-lateral region which usually become obsolete ventro-

laterally. The siphuncle is more in accord with that of the pres-

ent species in position and is reported as enlarging very slightly

within the camerse, less so than in Charactoceras. Mature speci-

mens of Charactocerina may be differentiated from Plectoceras

by the broad section of the whorl and the conspicuous develop-

ment of an impressed zone. They differ further from most

Plectoceras in aspect because the shell enlarges more rapidly at

the initial portion, so that the diameter of an early stage of the

conch is considerably greater. This does not seem to supply a

very reliable difference, differing greatly within Plectoceras,

and within species which have been referred to Metaplectoceras.

Plectoceras undatum and Plectoceras halli, both of the Black

River limestone of New York, furnish an excellent example of

the contrast w'hich can hold in Plectoceras in this respect.

On the basis of the only stage known of the present species it

is not possible to determine with certainty whether it should be
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placed in Flectoceras or Charactocerina. On the basis of its

strong resemblance to Foerste's (1935, pi. 20, lig. 3) illustration

of Charactocerina kirki, which is much larger in diameter where

the rate of curvature of the venter is similar, I have tentatively

placed the Richmond species in this genus. Whichever genus

this species may eventually be shown to belong in, it is clearly

another example of the incursion of "arctic" elements in the

Cincinnati area in Richmond time.

Holotype.—University of Cincinnati, No. 102.

Occurrence.—From the Whitewater formation of the Rich-

mond, from Richmond, Indiana. The specimen is yel-

low and dolomitic, quite unlike anything known to me from

the basal portion of the section which has yielded many of the

cephalopods of the Richmond area. Quite probably it is from

the upper part of the Whitewater, at or above the horizon of

the Saluda.

Family BICKMOKITID/E Foerste

Foerste (1925, p. 57) erected the family Bickmoritidte to in-

clude the genera Bickmorites, Jolietoceras, and Gigantoceras,

Hyatt, now Hcracloceras Teichert. Although no clear delinition

is presented, Foerste was largel}' influenced by the presence of

annuli as one of the criteria of the family. It is upon the basis

of annuli in Jolietoceras that Foerste wished to separate it from

the smooth Hcracloceras.

Flower (1939, p. yy) pointed out that very probably Hcraclo-

ceras (=^Gigantoceras Hyatt) agreed with Uranoccras in be-

ing cyrtochoanitic, although this is not proved, for thus far a

good siphuncle has not been observed in any species of the genus.

Indeed, Hcracloceras at present consists of two strongly homeo-

morphic elements, a Silurian group, believed to be allied to Urano-

ceras, and a (typical) Devonian group of species which are to

be traced instead to the family Rhadinoceratidse.

The Bickmoritid^e may be defined as coiled cephalopods, char-

acterized by prominent annuli which fonn a hyponomic sinus.

The siphuncle is subcentral and orthochoanitic.

Bickmorites is coiled, sometimes with the whorls free, and

sometimes with the whorls in contact. As here recognized. Or-
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doviciaii species formerly assigned to Antiplectoccras, Tyrrello-

ceras, Lettronotoceras, and Goniotrochoceras are included. Tyr-

reUoceras of the Silurian is so closely allied that tlie distinction

between the two genera might be questioned. The Silurian

Jolietoceras is an uncoiled edition of Bickmorites. The early

stages are cyrtoconic and annulated ; the later portion is ortho-

conic and essentially smooth. The secondary nature of Jolieto-

ceras and its derivation from Bickmorites are suggested by the

greater antiquity of the coiled annulated shells of the aspect of

Bickmorites. The origin of the family is not as yet certain.

Probably it should be traced to the Middle Ordovician genus,

Centrocyrtoceras, a cyrtoconic annulated shell with a subcentral

ortliochoanitic siphuncle. Whether thig stock has any close re-

lationship wath the Chazyan Barrandeoccras which differs from

it in the strongly compressed section and the appearance of a

slight impressed zone, is uncertain. The origin of Barrandeo-

ceras is uncertain. The thin connecting rings show structures

strikingly unlike those of Aphetoccras. It is suspected that the

family Deltoceratidas (Ulrich, Foerste, Miller, and Furnish, 1942)

is not a natural one and that all these authors have placed in it

a suite of converged homeomorphs.

Genus BICKMORITES Eoerste

Genotype.

—

Littiites hiclimoreanum Whitfield.

Bielcmorites Foerste, 1925, Denison Univ. Bull., Sci. Lab., Jour., vol.

21, p. 47.

Tyrrelloceras Foerste, 1925, ibid., vol. 21, p. 56.

Leuronotoceras Foerste, 1928, Canada Geol. Surv., Mem. 154, p. 283.

Goniotrochoceras Foerste, 1028, ibid., Mem. 154, p. 285.

Conch gyroceraconic, circular or slightly compressed in sec-

tion, slender, describing several volutions, but with the mature

living chamber often straight and tubular. The surface bears

prominent ribs which slope apicad on the venter to form a hypo-

nomic sinus. Finer transverse surface markings occur, and

longitudinal markings have been observed in the gerontic stage.

The sutures are essentially transverse but develop slight lateral

lobes. The siphuncle is subcentral, slightly ventrad of the cen-

ter and is orthochoanitic.

Discussion.—This genus is typically developed in the Middle

Silurian, being known from Indiana, Illinois, Wisconsin, and
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Port Daniel. It is extremeljv' improbable that the little known
j'lichmondian species properly belongs here, but in the present

state of our ignorance of these cephalopods it is not possible to

do better. Two other genera of curved annulated shells are very

similar, and it is not at all certain that they are distinct as genera.

One is the Ordovician genus Lettronotoccras LV;erste (1928), arul

the other is the Silurian genus Tyrrelloceras. Lcuronotoccras

has faint longitudinal markings but is chara,cterized mainly by

the flattened venter and the sides which coriverge dorsad as in

Apsldoceras. The form of the siphuncle is unknown, and so it

cannot be determined whether this genus is a modification >;f the

Aspidoceratidje, or whether it is the forerunner of the ortho-

choanitic Bickmoritida;. TyrreUoceras Foerste, (1925, p. 56)

is based upon Trochoceras ins'ujne Whiteaves of the Silurian of

Manitoba. The shell is a gvroceracone and seems to differ from

Bicknioritcs only in the superficial feature 01 the presence of

strong longitudinal markings. As faint longitudinal markings

are present in Bickmorites also (Foerste, 1925) it is extremely

dubious whether a natural division exists between these genera.

A small group of inadequately known species of the Ordovi-

cian, I tentatively place in this genus. l*revious{y species ha\e

been assigned to TyrreUoceras, Sphyradoccras, and Lcuronoto-

ccras. The reference to Sphyradoccras is clearly erroneous. In

the belief that TyrreUoceras and Lcuronotoccras are not well

enough known to be separated from Bickmorites, which has

priority over both names, it does not appear that at the present

time the genera serve any useful purpose, though it is recog-

nized that further investigations lying outside of the scope of

the present work may necessitate a revision of these views.

The curved Ordovician conchs, characterized by the presence

of prominent annuli or costal, are all known from rather inade-

quate fragments. They differ in section and ornament, but lit-

tle is known of the phragmocones and nothing of their siphun-

cles. In view of the inadequate morphological data, their taxo-

nomic position is extremely dubious, but faunally they appear

to be significant, for they form by themselves one of many groups

of species of the boreal Richmondian which made their wa}-

into Ohio in the lower Whitewater.
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Tyrrelloccras striatum Foerste and Savage (1927, pp. 59-60,

pi. 9, fis^. 9), of the Shamattawa limestone of Hudson Ba}-, is

known only iumi a small aseptate portion of a curved shell. Cos-

ta' cross the dorsuni and the sitles and slope apicad toward the

venter before disappearinj.>" over the mid-ventral surface where

fine cancellate markings are found. The .'••ection appears to l)e

compressed, but as the width d.ecreases orad this is partly and

j>erhaps entirely due to pressure. Accepting momentarily the

surface differentiation l^etween Bickmoritcs and Tyrrelloccras,

this species is not typical of either genus, having the transverse

markings of the former and also the longitudinal lira' of the lat-

ter.

Foerste (1928) described three somewhat similar species from

the Upper (^rdovician of Anticosti. Leiironotoccras anticos-

ticHse Foerste (1928, pp. 283-4, pi. 41, figs. 6-7) is a curved an-

nulated shell with the annul i disappearing on the broad flat-

tened venter, 'i'he broad venter and the I'ounded sides which

converge dorsad s'low a strong similarity to .Ipsidoccras in sec-

tion. This genus differs from .4psidoceras in the strong cost:e

and in fine longitudinal markings, but in the absence of informa-

tion as to the nature of the segments of the siplumcle it is un-

certain whether it belongs to the cyrtochoanitic Apsidoceratidre.

The species is from the English Head formation of Anticosti.

Two similar curved annulated shells from the Ordovician of

Anticosti were more generalized in section, and Foerste de-

scribed these in temis of Sphyradoceras. Sphyradoccras is a

sinistral trochoceroid with an impressed zone, asymmetric sec-

tion, and is not known outside of the Middle Devonian. The

genus is treated elsewhere by the writer (Flower, Middle De-

vonian Cephalopods of Nev\' York, in press, New York State

Museum Bulletin). The Anticosti species are not definitely tro-

choceroid and lack an impressed zone. One, from the English

Heail formation, d.escribed as Sphyradoccras, sp. (Foerste, 1928,

]). 284) is a fragment of a very large shell, annulated, and orna-

mented by fine longitudinal markings. Tlie condition of the ,cos-

ta; and surface markings on the venter is unknown. The other

species is Sphyradoccras (?) anticosticnsc Foerste (1928) of
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the Vaureal formation of Anticosti. Here the annuH continue

over the venter, where they form a broad and shallow sinus.

The line surface markings have not been observed.

One European species appears to l>e related. This was de-

scribed as Antiplectoceras ? askercnse Strand (1934, pp. 47-48,

pi. 2, fig 12; pi. 10, figs. I, 2, 7) from the Gastropod limestone

of Asker, west of Oslo, Norway. This species is a gyrocera-

conic shell marked by prominent costse which slope apicad on

the venter and disappear on the mid-ventral region. Fine lines

of growth parallel the costse. The siphuncle is subcentral, and

the section is flattened on both dorsum and venter. This spe-

cies belongs to the same group as those discussed above and

Eickmorites rarum. It differs from Antiplectoceras Foerste and

Savage in that the whorls are not in contact and, which is prob-

ably more important, in that the costse slope apicad on the ven-

ter and are transverse laterally. Antiplectoceras proper is known
only from the genotype, A. shamattawaense (Parks) (see

Foerste and Savage, 1927, pp. 58-59, pi. 24, fig. 2), of the Shamat-

tawa limestone of Hudson Bay. This is a coiled shell, the whorls

in contact, which differs from Eickmorites in that the ribs fornj

rounded lateral lobes separated by dorsal and ventral saddles.

The features of the phragmocone are unknown, and the genus

is of uncertain relationship.

One other little known genus and species belongs to this form

group of inadequately known coiled costate Upper Ordovician

shells. This is Goniotrochoceras Foerste (1928, p. 285) based

upon G. twenhofeli Foerste (1928, pp. 285-6, pi. 38, figs. 1-2)

of the Vaureal formation of Anticosti. This is known from a

portion of a curved shell with transverse costae, strong ventral-

ly, weaker laterally and apparently absent dorsally, and longi-

tudinal lirse, as in Tyrrelloceras, already discussed. The section

is clearly compressed in the only known specimen of the geno-

type and keeled ventrally. The writer would question, how-

ever, how much of the ventral keel and any eccentricity of the

section, upon the basis of which this was considered a trocho-

ceroid shell, may not be due to distortion. Nothing is known
of the siphuncle. The sutures develop lateral lobes, but whether
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the lobes are the result of distortion cannot be definitely deter-

mined. l'V)Crstc compared this genus with the high spired smootli-

shelled Mitroccras and pointed cnit differences between this and

h.is new genus but failed to compare it with any of the costate

coiled genera noted above. It is quite possible on the basis of

the present known material, that the trochoceroid condition and

the keeled venter and compressed section which might serve

to distinguish it from J'icki:ioritcs as defined above, ma}- all be

the result of distortion.

The proper taxonomic relationship of all of these Ordovician

species discussed abfjve is uncertain, but it is ])lain that, together

with the sj^ecies described belovv- from tlie lower Whitewater

of Ohio, the>' form a group of boreal "Richmondian" cephalo-

pods which i)robably form a more closely knit group than their

previous distribution among four dilTerent genera would indi-

cate. In placing*^ these species (among which I do not include

the little Icnov.n monotypic yliitiplectoceros) together under Bick-

ijiurilcs the writer is not inllucnced b)' any conviction as to their

relationship but is merely giving taxonomic expression to the

fact that tlie known morphological information does not warrant

the recognition of finer divisions at tlie present time. The si-

phuncle of these Ord.')vician species must l)e studied to deter-

mine whether they are orthochoanitic Bickrnoritid.-e or whether,

as Foerste suggested for Leurouofoccras, they are derivatives

of the cyrtochoanitic Apisdoceratida?. At the present time the

known material is not adequate for such an inve.stigation of a

single one of the Ordovician species concerned.

Bickmorite-s rarum Flower, n. sp. Plate 17, fig-s. 2, 3

This is known from a single fragment, apparently including

the complete length on one side of a living chamber. The shell

is slightly curved, increasing from a width of 12 mm. and a

height of II mm. at the ba.se to 13 mm. and 14 mm. in a ventral

lengtli of 12 mm. The maximum length of the shell, shown

ventro-laterally, is 16 mm. and the aperture is 15 mm. high and

has an estim.ated width of 16 mm. In its length the shell bears

three prominent narro\\l\- rounded raised annuli separated by

broader and strongly concave interspaces. The annuli are faint

dorsallv, but increase in strength toward the venter. On the
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venter they slope apicad describing a very well-defined hypono-

mic sinus. Fine surface markings consist of narrow threadlike

transverse lirae separated by broader interspaces. These oc-

cur about 17 in the length between two annuh. They occur

on the annuli as well as in the interspaces and are slightly more

crowded on the crests of the annuli than in the interspaces.

Discussion.—This species may be differentiated from B. ( ?)

striatum Foerste and Savage by the prominence of the annuli

on the venter and the absence of ventral longitudinal markings.

The specimen described by Foerste as Sphyradoceras, sp., from

the English Head formation has fine longitudinal markings both

laterally and dorsally. The surface features of 6^. ( ?) anticost-

iense Foerste are unknown, but the species may be distinguished

by the prominence of the annuli dorsally and the very broad

shallow ventral sinus. Comparable also is Leuronotoceras anti-

costiense Foerste (1927, p. 283, pi. 41, figs. 6-7). This mono-

typic genus is characterized as curved annulated shells by the

presence of fine longitudinal markings and a cross section rem-

iniscent of Apsidoceras, particularly in the flattened venter.

Type.—Holotype, collection of Dr. W. H. Shideler.

Occurrence.—From the cephalopod bed of the lower White-

water, Little Four Mile Creek, Oxford, Ohio.

ARCHAIC CEPHALOPOD TYPES

Two of the Cincinnatian genera of nautiloids, Cyrtocerina and

Shideleroceras, exhibit structural peculiarities which set them

apart from all other known post-tCanadian genera. Both possess

aneuchoanitic septal necks supplemented by connecting rings.

Those of Shideleroceras are thin and apparently homogeneous;

those of Cyrtocerina are inflated and complex in structure.

Similar aneuchoanitic necks are known to o,ccur in genera of

the Ozarkian (Wanwanian) and Canadian. Unfortunately, while

a large number of species and genera have now been described,

very little information is available upon the essential features of

their construction. Much of the available material of these older

cephalopods consists of chert internal molds, which fail to show

the structure of the siphuncle propeily (Ulrich, Foerste, Miller,



585 CiNciNNATiAN Cephalopods : Flowek 503

and Furnish, 1942 ; Ulrich, Foerste, and Miller, 1943 ; Ulrich,

Foerste, Miller, and Unklesbay, 1944). Meanwhile other in-

vestigations have shown that the proper understanding of the

structures of many of the genera not only requires study by

opaque sections, but often thin section study. Thei'efore

at the present time it is possible to recognize the two Cincin-

natian genera as survivors of arcliaic stocks, but it is not possible

to determine precisely to which of the older genera they are most

closely related. Neither is it possible to determine whether these

forms should be placed in the Stenosiphonata or Eurysiphonata,

or whether perhaps this dichotomus division of the Nautiloidea

may have to be either abandoned or supplemented by the addition

of a third group for some of these archaic types.

Family CYRTOCERINID^E Flower, n. fam.

The family Cyrtocerinidge is erected for endogastric breviconic

cyrtoceracones with marginal aneuchoanitic siphuncles charac-

terized by septal necks which are strongly inflated within the cav-

ity of the siphuncle. The structure of the only genus thus far

recognized, Cyrtocerina, was described by the writer (Flower,

1942) and is summarized in tlie following pages.

In fomi Cyrtocerina is most similar to Levisoccras Foerste, a

genus which is confined to the equivalents of the Gasconade hori-

zon in America. Levisoccras is not adequately known internally.

The extant information fails to suggest that its connecting rings

are thickened after the manner of those of Cyrtocerina. Speci-

mens placed in Levisoccras with doubt by Ulrich, Foerste, and

Miller (1943) from the Ellenberger of Texas show aneuchoanitic

necks, relatively thin connecting rings, and diaphragms crossing

the siphuncle. If these forms are representative of Levisoceras,

it seems unlikely that the genus has any close relationship with

Cyrtocerina.

Ulrich, Foerste, Miller, and Unklesbay (1944) have described

the genus Eothinoceras, based upon a single species, E. ameri-

canum- from the Rochdale limestone of southern New York. The

few specimens by which this species is represented indicate that

it agrees with Cyrtocerina and with no other known genus, in the

structure of the siphuncle, having the aneuchoanitic necks and
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inflated connecting rings very similar to those of Cyrfoccrina in

form. The shape of tlie shell of Ilofl'.inoccras can, however, only-

he inferred from the extant material. It is evident that the shell

is relatively slender, although it is questionahle whether the shell

is straight, as its descrihers helieve, or slightly curved. I'lrich,

Foerste, I\IiHer, and Unklesha)- helieve that Cyrtoccr'wa and

Eothinoccras are not closely related. The presence of Jlothiii-

flceras only in the Canadian Rochdale liniestone, and the coniine-

ment of Cyrtoccrina to the Middle and l^p^jer Ordovician, sug-

gest, together with the differences in form which distinguish these

genera, a .considerable gap in relationship. Plowever, they arc

identical in internal structure as far as can be ascertained, for

Eothinoceras is known, only from opaque sections, and are more

closely related to each other than to any other genera in the light

of our present knowledge. In view of the little information

available concerning the siphuncles of man}' of the Ozarkian and

Canadian genera now described, it is not impossible that some of

tliese forms ma}' prove to have similar structure when they are

known from better material.

Genus CYRTOCERINA Billings

Genotype.

—

Cyrtoceriiui lypica Billings.

Cyrtociriva Billings, 1865, Pal. Foss., Gcol. Surv. Cana.<l:i, p. 178; B:ir-

rando, 1837, Syst. Sil. dii centvo dc In Bohenic, vol. 2, pt. 1, p. 451;

Hyatt, 1884, Boston Soe. Nat. Hist.. Proc, vol. 22, p. ::66; Miller,

North American Geol., Pal., p. 436; Holm, 1H92, Geol. Fnren. Stock-

holm, forh., vol. 14. pp. 126, 209; Clarke, 1807. Gcol. Minnesota, vol.

.">, pt. 2, p. 774; Hyatt, 1900, Cephalopoda, in Zittcl-Easlmnnn Textb.

Paleont., vol. 1, 1st ed., p. 517 (reprinted with different pagination

in later editions) ; Foerste, 1924, Denison Univ. Bull., Sci. Lab., Jour.,

vol. 20, p. 198; Foerste, 1925, ibid., vol. 21, p. 11; Foerste, 1933, ibid.,

vol. 28. p. 138; Flower, 1943. Ohio Jour. Sci., vol. 43, pp. 51-54.

The writer (Flower. 1943) has presented an extensive discus-

sion of the morphological features of this genus, the redescrip-

tion and illustration of the Cincinnatian species, and the structuit*

and relationship of this genus. For completeness, a brief diag-

nosis of the genus and of the Cincinnatian species is appended

liere.

Concli rapidly expanding to aperture, nearl}- patelliform, slight-
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ly curved. The surface shows coarse Hnes of growth which indi-

cate no trace of a hyponomic sinus. The section is compressed,

the convex side shghtly more narrowly rounded than the concave

side. The sutures are straight and transverse adapically but may
slope slightly orad from the concave to the convex side adorally.

The phragmocone is distinctive in the extremely short camerae

and the nearly flat septa. The siphuncle is located close to the

concave side of the shell, expands conically adorally through the

phragmocone. The septal necks are aneuchoanitic and are sup-

plemented by thick complex connecting rings which are inflated

and extend into the cavity of the siphuncle so that an internal

mold of the siphuncle will have an annular appearance. (Fig. 5A,

p. 7.) The four Cincinnatian species are known only from the

Saluda beds and the Hitz layer of Indiana.

Additional material, recently received, indicates the presence of

the genus in the Kimmswick limestone of Missouri and the Platte-

ville limestone of Wisconsin. Primarily the genus was known

only from the genotype from the Black River of the Faquette

Rapids at Ontario, and the Cincinnatian species.

Cyrtocerina madisonensis (Miller)

Plate 28, figs. 1, 6-8; Plate 29, fig. 4; Plate 30, figs. 2, 3

Tryhlldium madisotiense Miller, 1894 (adv. sheets, 1892), 18th Kep.
Indiana Dept. Geol. Nat. Kes., p. .'{IS, pi. 9, fig. 38.

Cyrtocerina madisonense Miller and Faber, 1894, Cincinnati Soc. Nat.
Hist., Jour., vol. 17, p. 32; Flower, 1943, Ohio Jour. Sci., vol. 43,

pp. 58-54, pi. 1, figs. 3-4, 12-14; pi. 2, figs. 1, 3-7, 9.

Conch breviconic, compressed, the .convex side more narrowly

rounded in section than the concave (siphonal) side. In the pro-

file the convex, and supposed dorsal side is slightly convex adapi-

cally but becomes increasingly curved adorally so that the rate of

expansion decreases adorally. The venter is essential!}' straight

over the known portion, probably faintly concave at the extreme

apex. Lateral profiles are faintly convex but very rapidly di-

verging. The conch increases in height from 4 mm. to 26 mm. in

the basal 12 mm., beyond which the increasing dorsal convexity

causes the shell to expand more slowly. At a height of 29 mm.
the shell has a width of 25 mm. The length of the living cham-

ber is not known, all specimens thus far observed being incom-
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pi etc.

Types.—The location of tbe holotype and the h3pot} pes of

]\niler and Faber is unknown. Hypotypcs which supply the basis

for the revision of this si.)e,cies are Univ. of Cincinnati, Nos.

23965-66.

Occurrence.— J'"rom the Hit/, layer at the top of the Soluda,

Madison, Indiana.

Cyrtocerina patella Flower Plate 28, fig. 1: Tiate 29, figs. 7, 8

Cyrtocerina patrUa Flower, 194;i, Oliio Jour. Sei., vol. 4.'}, pp. 54-55, pi.

1, figs. 1, 5, 8.

This sliell is very rapidly expanding initially, and the convexity

of the antisiphonal side increases only very slightly adorally ; the

increase more delayed thaii in C. madisoncnsis. The conch

expands in the basal ti mm. to 24 mm. and 21 mm., the venter

(siphonal side) straiglit, the dorsum only faintly convex, the lat-

eral profiles straight and rapidly diverging. A .second specimen

consisting of a portion of a mature living chamber and gerontic

cameras expands from 22 mm. and 25 mm. to a width of 40 mm.

and an estimated height of from 45 mm. to 48 mm. in a length of

23 mm. The aperture is not preserved. The phragmo,cone shows

no features strikingly different from that of the above species.

The camene are exceedingly closely spaced p;erontically, eight or

nine occurring in the last 5 mm. of the siphuncle. The siphuncje is

conical, close to the ventral side of the sliell. At dinmeters of

22 mm. and 25 mm. it is 4.8 mm. wide and 5.2 mn). high at the

septal foramen.

Types.—University of Cincinnati Museum, Holotype, No.

23967, paratypes, 23968, 23969, 2368.

Occurrence.-—From the upper beds of upper Whitewater equi-

valence, but with Saluda lithology from the road cut at the east-

ern limits of Versailles. Indiana. The paratopes are from Madison,

Indiana, presumalily from the Hitz layer.

Cvrtocerina modcsta Flower Plate 28, fig-s. 2, 5; Plate 29, figs. 5, G, 9

Cyrtncct'ma, modesta Flower, 194;^i, Oliio Jour. Sci., vol. 43, p. 55, pi. 1,

'figs. 2, 6-7; pi. 2, figs. 2, 8.

This is a smaller ?n)d more slender species than the two de-
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scribed above, and is also relatively broad in cross section. Tlic

\cntral si('e is obscurely llattencd, tlie dorsal side narrowly round-

ed, and. obscure]} rid,;;cd. Dorsal profile slii^btly and uniformly

c'juvex, tbe venter vcr}- faintl}- con,ca\c, ncarl}- straiglit. Tlie shell

increases to a widdi of 2 mm. and a heii^ht of 24 mm. about 23

bcvond t'.'.c a[>cx. At comparable distances from tlie ai>ex other

Sj)ecics are both Iiii;her and broader. The lateral profiles are slight-

Iv convex, tliough divergent to the aperture. Siphuncle close to

venter, camene jiossibly slight!}- deeper than those of the otlier

si>cc:cs, but with the septa still very closely spaced.

Discussion.—The types of this sjiecies show some tlifferences

in proportion, due large!}- ar.d perliaps entire!} to distortion. The

form is widely set apart from its congeners by tlie more gradual

cxpan-sion, the more prominently ridged dorsum, and more

strongly triangular section.

Types.—University of Cincinnati, holotype, No. 17170; para-

topes. No. 23970,71.

Cjrtocerina (?) carinifera Flower, n. sp. Plate 29, figs. 1, 2

'Idiis species is known only from a living chamber. It is 30

mm. high and 23 mm. wide at tlie base where the section is nar-

rower on the aiitisiphonal side tlian on the siphonal side. The

dorsum and venter diverge at an angle of between 50 and (>o de-

grees. The ver.ter is straigiit, tlie dorsum apparently very slight-

ly cojucx. The venter is inclined about -|0 degrees from the plane

of the suture, t!ie dorsum about 80 degrees. The sides are ver)-

faintly convex and diverge to the aperture. The living chamber

has a ventral length of 28 mm., a dorsal length of 20 mm., and a

lateral length of 24 mm. The ventral wall is marked by a linear

rounded ridge running to the aperture, flanked by shallow fur-

rows. Tlie septal surface is moderately curved. The sipliuncle

protrudes from the septal surface and is extremely large, being 9

mm. liigli and 5 mm. wide. The surface of the shell bears regular

transverse markings. These do not slope apicad on the venter to

form a hyponomic sinus.

Discus.';ion.—Without information concerning tlie phrag-

mocone of this singular form, its generic position must remain

uncertain. However, the very large size of the siphuncle at the



508 Bulletin 116 590

base of the living chamber, the rapid expansion of the .conch to

the aperture and the absence of a hyponomic sinus all suggest

Cyrtoccrina very strongly, and are features not known in any

other post-Chazyan genus of the Ordovician. The carinate

venter, as well as the large size of the shell, Avill distinguish it

from its congeners.

IJoIotypc.—Shideler Collection.

Occurrence.—From the Saluda beds, McDill's Mills, Oxford,

Ohio.
Family SHIDELEROCERATID/E Flower, n. fam.

The family Shidelcroceratidse is proposed for the genus Shi-

deloceras which does not seem to have any ,close relatives. The

family may be characterized as follows : conch cyrtoconic, slender,

cross section only slighth' depressed, sutures transverse, straight

or sinuate. Siphuncle subcentral, necks aneuchoanitic, connect-

ing rings thin and homogeneous in structure. Growth lines show

a crest on the convex side of the shell, a lobe in the concave side,

and are sinuate laterally. The orientation of the shell is uncer-

tain.

The aneuchoanitic necks distinguish Shideleroceras from all

other post-Canadian genera thus far known except Cyrtocerina,

which differs in the thickened connecting rings, breviconic forni,

and the marginal siphuncle. Among the pre-Chazyan genera,

none are thus far known which are particularly close to Shideler-

oceras, none combining the slender cyrtoconic form with a sub-

central siphuncle.

Genus SHIDELEROCERAS Flower and Foerste

Genotype.

—

Shideleroceras siv uatnm Foerste.

Conch cyrtoconic, slender, ver}' gently curved and presumably

exogastric. Section slightly broader than high, the dorsum and

venter equally rounded. The sutures may be straight and trans-

verse, although the genotype is characterized by a narrow low

saddle on the venter which may be strengthened adorally by the

development of a very slight lobe on either side. The ventral

saddle is vestigial or absent in the other known species. The si-

piiuncle lies between the venter and the center of the shell. The

segments may be perfectly tubular or faintly concave. The septal

necks are vestigial, and this genus is therefore probably to be
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grouped with carl) Paleozoic aneuclioanilic ce]>.lialopu(ls rather

than with those which arc pro}>erl\- orthochoanitic. The connect-

ing rings are thin and apparently structureless. Obscure longi-

tudinal markings are seen within the siphuncle, but their or-

ganic nature has not }et been demonstrated, and it appears that

both cameral and siphonal deposits are absent in this genus.

The (-oursc (jf the transverse lilihjrm markings of the

surface which rcllcct tlic condition of former apertures present

ouc of the simplest criteria for recognition of the genus. There

is no Inponomic sinus. Insteatl, the lines of growth describe a

low broad saddle over the ventral surface. Laterally they slope

adjipically abru])tly and resume a nearly transverse course on the

dorsum, thiough tliis time fair!}- concave orad instead of convex

as on the venter.

Disciiss;c>;!.—In forming this description the vcr.ter is assumed

to be the convex side of the shell. No reliable criteria of orien-

tation have been found within the genus, however, septal and

conchial furrows not Ix^ing observed. The genus is not .closely

similar to an\- other Ordovician cyrtoconic genus. The hypo-

nomic sin.us is absejit in Eorhoccras and that genus sliows prom-

inent fdiform transverse markings, but the siphmicle is close to

the venter and t!ie sliell is rapidly expanding. In the Chazyan

Cracihccras the sij)]iunc]e is also close to the venter. Genera

more closely approxiniating Shidclcroccras in age generally show
in addition a well-develoj^ed hyponomic sinus. Ehlersoccras

Foerste (1932, 1933) is more similar in form than most other

genera, but a hyponomic sinus is developed, and the siphuncle is

again close to the venter.

Shidcleroccras differs from most post-Canadian cyrto-

conic genera in the relatively central siphuncle. Panther, its ap-

j'-arent ancuchoanitic condition suggests that it is a sun'ival of a

stock thus far known onl}- from the Cambro-Ordovician. Un-
fortunately the available material from Sliidclcroccros has been

characterized b}- very poor presentation of the internal structures,

for replacement is sucli that thin sections will be of little tise in

clarif}ing the structure of the siphuncle. The presence of obscure

longitudinal elements wntliin the siidiuncle tube suggests that

perhaps there may be here some structure akin to that reported,
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but not figured'"', fur the Canadian genus Buttsoceras Ulrich

and P'oerste. On tlie other hand, the structures noted in Shideler-

occras maybe adventitious, since in texture, color and apparently

in composition, they can be duplicated within siphuncles of other

genera observed in tiie same bed, where their adventitious na-

ture is very evident since the structure of tliese genera is adequate-

ly known from better j)reserved material in other horizons.

The name Shidclcroccras w-as projxjsed in manuscript by Dr.

Foerste, though his only use of the term was in the description of

his species Shidclcroceras siimatmn. The generi,c description is

the work of the present writer.

At the present time the only known species of Shidclcroceras

are those described below. The three species appear in a part of

the section in which the invasion of arctic ceplialcpod types into

tlie Ohio area is most striking, yet strangely enough nothing simi-

lar to Shideloceras has l.icen found in the arctic or Anticosti

cephalopod faunas in spite of the fact that they have received

very careful attention.

Shidclcroceras sinuatum Foerste, n. sp.

Plate 25, figs. 14, 15, 20; Plate 26, figs. 17, 18; Plate 27, figs. 6-8

Text fig. 6 D
Conch is a slender cyrtoceracone of depressed section. The

known part of the shell is very gradually expanded, slightly

curved, the radius of curvature varying more between individuals

than among various parts of the same specimen, from 125 mm.
to 200 mm. The section is from 2 mm. to 4 mm. broader than

high. On the holctype the shell increases from 20 mm. and 22

mm. and 28 mm. in the basal 50 mm. ; in the next 42 mm. it in-

creases to 32 mm. and 35 mm. There is some variation in the

size of mature individuals. The largest observed attains a width

of 38 mm. and a Jieight of 36 mm. Other specimens are somewhat

smaller, a paratype which is essentially complete adorally meas-

uring 34 mm. and ^2 mm.
The sutures are nearly straight and transverse in the adapi.cal

portion, showing as the only modification a slight ventral saddle.

This becomes more conspicuous adorally owing to its narrow

i5Figu;'e>i appeared after this wfts Vi'ritteii. They fail, however, to ex-

plain the riiiture of the structiu'es witiiin the siphuuelc of Buttsocerus.

(Ulrich, Foerste, Miller, and Unklesbay, 1944.)
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condition and the development o£ ver\- slight lobes flanking it

ventro-laterally. In some early portions of the shell the ventral

saddles are very inconspicuous, and the sutures appear straight

and transverse. The cameroe vary in depth as they become more
closely spaced over a considerable adoral interval of the phrag-

mocone. Eight camerse occur in a length equal to the shell width

adapically on the holotype at a width of 26 mm., but where the

width is 35 mm., the camerae are shorter so that 11 lie in a lenf^h

of 36 mm.
The depth of the septum varies with the growth stage, early

septa being relatively flat, while those farther orad are quite

deeply curved. At a shell height of 20 mm. the septum is 3.5 mm.
in depth, but at a height of 24 mm. it has become 6 mm. deep.

The siphuncle is located between the center and the venter.

At a shell height of 20 mm. it is 3 mm. in diameter, 7 mm. from

the venter and 10 mm. from the dorsum
; 50 mm. farther orad

the siphuncle is 3.5 mm. in diameter, 9 mm. from the venter and

13.5 mm. from the dorsum.

The siphuncle appears to be orthochoanitic upon casual inspec-

tion. The septa, however, are scarcely bent apicad at the siphuncle

and the segments are formed almost completely by very thin con-

necting rings which produce a tubular outline or an outline which

is very faintly concave. This type of structure is aneuchoanitic

rather than orthochoanitic. Within the siphuncle tra,ces of longi-

tudinal structures have been observed, but these may be inorganic,

since not dissimilar phenomena have been noted within other

shells from the same bed. Unfortunately the siphuncles are fra-

gile, and material has not been available for the desired study of

its structure by thin sections.

The growth lines consist of narrow filiform raised transverse

lines which follow the course of the aperture. They describe a

broad low crest over the entire ventral (.convex) surface of the

shell. On the lateral region they are bent abruptly apicad and
resume a nearly transverse condition over the dorsum, where they

are very slightly concave orad. There is very faint rhythmic

crowding of the growth lines.

Discussion.—This species can be distinguished from the two
known congeneric forms by the steeply inclined growth lines on

the lateral region of the shell, the development of ventral saddles
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of the sutures, its modefate rate of expansion, and the relatively

large size of mature individuals. .S". gracilc is a smaller and much
more slender species in which the growth lines are inclined only

slightly on the lateral portion of tlie shell. .S'. simplex is more

rapidly expanding, but has simple sutures and is intermediate be-

tween S. gracile and S. sinuatum in size, and also in the degree

of modification of the growth lines on the lateral part of the shell.

Types.—'Holotype and three paratypes, collection of I*rof. W.
H. Shideler.

Occurrence.—The species is known rnainl)- from the lower

Whitewater beds at Little Four Mile Creek, near Oxford, Ohio.

This single locality has yielded a suite of 14 specimens. A single

specimen was obtained by the writer from the same horizon at

Dodge's Creek, Oxford, Ohio.

Shidcleroceras simplex Flower, n. sp. Plate 25, figs. 18, 19

Associated witli ^\ sinuatitni in the lower Whitewater is an-

other and a rarer species which is smaller, more rapidly expand-

ing, and less cui^ved, but which is differentiated principally by

the shorter eamerse and the absence of more than a vestigial ven-

tral modification of the sutures. The two specimens available are

both incomplete and distorted. The holot}pe is slightly flattened

obliquel}' with a maximum length of 65 mm. The smaller diam-

eter increases from 22 mm. to 27 mm. in 50 mm. The radius of

curvature of the venter is 230 mm. adorall}' and this is probably

uniform adapically, though a greater adapical curvature appears

to be developed probably as the result of distortion.

The nine camerte of the phragmocone occupy a dorsal length

of 16 mm., so that in a length equal to the shell v.idth probably 15

camerse would be present. The sutures are essentially straight

and transverse, with only vestigial lobation on the venter. The

living chamber, apparently mature, judging from the closel)-

spaced adoral septa, has basal diameters of 24 mm. and 27 mm.
in its present state. It has a maximum length of 43 mm., and

probably this approaches very close to the aperture. The lines

of growth slope apicad from the venter somewhat more gently oii

the lateral region than in wS*. shniatutn, and are concave orad over

the dorsum and not so transverse as in S. sinuatum.

The shell did not attain a width of over 30 mm. The septa
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and siphuncle have not been obsei-ved.

Discussion.—This species is associated with S. sinuatum in

the cephalopod zone at the base of the Whitewater beds. It may

be distinguished by die much smaller size of mature individuals,

the less abrupt bend of the growth lines apicad from venter to

dorsum on the sides, the more curved condition of growth lines

on the dorsum, and by the absence of the ventral saddles of the

sutures.

Types.—Holotype, W. H. Shideler Collection,

Occurrence.—'Cephalopod zone of the lower Whitewater, from

Little Four Mile Creek, near Oxford, Ohio.

Shideleroceras gracile Flower, n. sp. Plate 29, fl^. 16, 17

The only Shideleroceras noted in the Saluda beds is a form

much smaller and much more slender, at least adorally, than

either of those known from the lower Whitewater beds. The
type consists only of a complete living chamber, which has been

slightly crushed laterally, a process which produced a fold down
tlie venter which the animal never had in life. The living cham-

ber has a ventral length of 45 mm., and a dorsal length of 35 mm.
It expands from 25 mm. and 18 mm. at the base to 25 mm. and

20 mm. at the aperture. The vertical discrepancy is partly due

to vertical crushing at the base of tlie type, and the living cham-

ber was originally very nearly tubular. An undistorted shell

would probably show an adoral width of 26 mm., but lateral

.crushing has resulted in very slight adoral compression.

The shell is preserved as a carbonaceous film, on which the

growth lines are well displayed. The lines of growth are more
transverse mid-ventrally than in other species, but slope apicad

on tlie sides toward the dorsum only gradually and are faintly

concave orad on the entire dorsum. Tlie characters of the si-

phuncle and septa are not shown. The lines of growth show

that the species is a Shideleroceras.

Discussion.—This species is smaller and more tubular than

either of those known from the lower Whitewater. Further dif-

ferences are found in the less oblique growth lines on the lateral

region, the more transverse condition of the growth lines on the

mid-ventral area, and the broadly concave lines on the dorsu];n.
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The condition of ornament is perhaps closest to S. simplex, but

the undulations are even more i^entle than in that species, which

is larger and more rapidly expanding.

Type.—Holotype, collection of W. H. Shideler.

Occurrence.—From the Saluda beds, Big" Plum Creek, 1V2

miles northeast of Osgood, Indiana.

SUBORDER i'J II U YSIPROiXATA
The Eurysiphonata, as noted in the discussion of cephalopod

phylogeny, are ciiaracterized primitively by aneuchoanitic septal

necks and thick connecting rings. By Ordovician time neither

feature is generally retained, but the thickening of the rin;^- has

become reduced in the Actinoceroidea, but is retaineil in the

Endoceroidea. The septal necks have become relatively long in

the generalized members of the A.ctinoceroidca and the Endocera-

tidae of the Endoceroidea.

For purposes of recognition tlie Cincinnatian l.Curysiphonata

are best defined in terms of the two groups of which they are

composed : the Actinoceroidea, characterized by a generally large

cyrtochoanitic siphuncle which is characteristically lilled adapical-

ly by annulosiphonate deposits, leaving only a series of canals

and a perispatium in each segment. The larger of the Cincin-

nati Actinoceriodea are treated in the present section. The re-

mainder, together with the endoceroids, are reserved for the sec-

ond part of this work. The Endoceroidea are characterized by

large tubular, rarely concavosiphonate siphuncles containing

endocones.
Superfauiily ACTINOCEROIDEA Focrsle and Teichert

Space does not permit an adequate review of the treatment of

the a,ctinoceroids in the past. IVlodern understanding of the

group may be dated from Teichert's (1933) careful study of the

structure of the group. The basis of the present classification is

that of Foerste and Teichert ( 1930) who employ Actinoceroidea

in much the sense in which Hyatt (1900) used the term Actino-

ceratidse. The actinoceroids are largely straight shells chara,c-

terized by large nummuloidal siphuncles. Within the siphuncles

there are heavily annulosiphonate deposits which may, where ma-

ture, fill the segments except for a series of tubes which Teicliert

termed the endosiphoncular vascular system. These tubes con-
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sist of a central canal from which radial canals pass toward the

connecting- rin^;. Near the ring- they tend to hranch and term-

inate in a space close to tlie ring free from the avnnilosiphor..'ite

dcpor.it. wliich. is known as the perispatium. The perispatium

and the canal s_\stem are t]-ic essential diagnostic features of the

group. There are other cyrtochoanitic orthoceracones, in par-

ti,cular, the ]*seudorthocerati(!;x' and tlie little understood Stereo-

plasmoceratida\ '^Fhe only certain method of recognizing an

actinoceroid is by the presence of the radial canal system and

the perispatium witlrin the siplumcle. Tlie problem becomes

particularly acute in some of the Sactoceratida\ Here some

shells have small and relatively narrow siphuncles in relation to

otiier actinOiCeroids, and in section max- resemble pseudortho-

ceroids and stereoplasmoceroids (piite closely insofar as tlie form

and i)roportions of the siphuncle and septa are concerned. Such

shells can be itlentified as actinoceroids with certainty onl>- by

a stud\ of the deposits \vithin the siphuncle. When these are

lacking, as may often happen particularly if an immature shell

is all that is available, or if only the adoral part of the phragmo-

cone is preserved, it can be recognized only b} inference as a

member of one group or another.

The t}pical actinoceroids may be recognized by the extreme-

ly large and heavy siphuncles. Also, they are characterized by

blunt apices. This does not apply to the Sactoceratidce, how-

ever, wliere the initial part oj. the shell is small and slender, and

the siplumcle is relatively narrow. Indeed, so great is the con-

trast, that the writer has more than once wondered whether the

Sactoceratidfe were related to the other actinoceroids.

The classification of the Actinoceroidea, as at present recog-

nized, is as follows

:

1. Family Polydesmiidre Kobaxashi. Actinoceroids with large

siphuncles, broadly expanded, thick connecting rings simulating

continuations of the septal neck ; radial canal system complexly

branched and irregular. This contains only the genus Poly-

desmia. (See K(jba\ashi, 1940; Flower, 1941.)

2. l"'amily .Vctinoceratidrc Hvatt (restricted, Foerste and

Teichert). .Siphuncle large; sej^tal necks and brims about equal,

both very long. /Ictinoceras Bronn, Kochoceras Troedsson,

Saffordoceras Foerste and Teichert, Troostoceras l-'oerst^ and
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Teichert. Doubtfully retained here are Lexirorthoceras Foerstc

and Paractinoceras Hyatt.

3. Family Armenoceratidse Troedsson. Septal necks recum-

bent ; length of neck less than brim, sometimes negligible. Ar-

menoccras Foerste, Nyhyoceras Troedsson, Cyrtonybyoceras

Teichert, Elrodoceras Foerste, Alcgadiscosonis Foerste, Selkirko-

ceras Foerste, ( ?) Metarmenoccras Flower.

Family Huroniidre Foerste and Teichert. vSeptal necks very

short, ring broadly adnate to septum adapically but not adoral-

ly, much of free part of septum incorporated into siphuncle wall

;

segments of siphuncle inflated adorally, but attenuated adapical-

ly. Foerste and Teichert have included here, Huronia Bigsby,

Hiironiella Foerste, and Discoactiiioceras Kabayashi.

Family G(jnio,ceratidae Foerste and Teichert. This family

contains actinoceroids internally similar to the Armenoceratidje,

but characterized by the flat shells, in which dorsal and ventral

surfaces are separated by sharp lateral angles. It contains Gonio-

ceras Hall antl Laniheoceras J'oerste.

Family Sactoceratidse Troedsson. Actinoceroids with rela-

tively small siphuncles. . Sactoceras Hyatt and Onnoceras

Stokes may not be generically distinct. Dciroceras Foerste and

Troedssonoceras Foerste belong here. It is doubtful whether

the Silurian Cyrtactinoccras Flyatt is properly an actinoceroid.

I include here, hov/ever, Treptoceras Flower. The point of sep-

aration of the Sactoceratidas from the Actinoceroidas and Armeno-

ceratidse is exiceedingly difficult, and rests more on the size of

the siphuncle than any other feature. On the basis of range, I

include the large Mississippian Rayonnoceras here rather than

in the Actinoceratidse. The Sactoceratid?e develop radial canals

which branch straight from the central canal to the connecting

ring, instead of being ar,ched or curved as in the Actinoceratidae

and most Armenoceratidse. Metaruienoceras Flower may belong

here, as suggested by its canal system, rather than in the Armen-

oceratidae, as suggested by the size of the siphuncle.

There has been much discussion in recent }ears as to the re-

lationship existing between tlic Actinoceroidea and other cepha-

lopods. Teichert (1933) suggested that the}' were probably

more closel}' related to the endoceroids tlian to other cephalo-
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pods. Schindevvolf (1935) rejected this view on the supposed

similarity between tlie apicril end of Carbactinoceras, a subgenus

(if Rayonnoccras. r'.nd orthocho.initic orthoceracones. Koba}-

ashi (1937) reixnted the early stages of Ordovician actinocer-

oids, which were quite (Hfferent from Schindewolfs Mississ-

ippiaii fori;!. Ivjt, r;ithe.' strangely, came to conclusions concerning

the relationship which were cjuite similar 10 the views of Schinde-

wolf. Flower (1940) described the early stages of Actinoceras

mIkI discussed the earlier jnipei's, ])ointing out that a horizontal

section such as exhibited by Schindewolf might pass through the

wall of the first caniera obliquely, completely missing the true

initial cham])er, which lies well ventrad of the center of the si-

phuncle. On this basis, .Schindewolfs specimen was n.ot a reli-

able guide to the condition of the early stages. Kobayashi saw

as significant tiie fact that the siphuncle of the a,ctin()ceroid was

central in the early .stages, and on this iiasis placed the actino-

ceroids \\ith the ellii)ochoaniti,c cephalopods as opposed to the

endoceroids. 'i'he writer, however, p(jinted out that the posi-

tion of the S!{>liuucle need, not be 01 [)rir:iary importance, and that

it might be more imix>rtant that the siphuncle appears to !)c oi)en

into the whole of the space between the shell wall and tlie initial

septum in l>oth the endoceroid and the actinoceroid, while th.e

tip is confmed in an apical crccum in most other ceplialopods.

Since then, the ]>roblcm of the significance of the apical ends

of the siphuncles has l^ecome more complex in. the light of new
ir:formation on th.e early stages of some of the older cephaloi)ods.

Neither the apica]l\- ventral siphimcles of Kobayashi nor the dis-

tinction Ijetween si])huncles, wlu'cli are open into the ;M>ical cham-

ber on one liand and closed l)y ;i c<ecuni. on the otlier. appear to

hold. \'entral siphuncles occur in some br,t not all of the Tar-

phyceratidre and Trocholitidre, as shown i;'. part hy H\att (1894),

by L'lrich, Foerste, Miller, and Fuvnisli (1942) and 1)y uni)ub-

lished sections made hy the writer, 'ilie validity of the a])ical

cecum as a criterion of the stcnosiphonatc line is imjirdred by

the apparent presence of such a crecum in "Canicroccras" anintU-

jeniiii Flower (19-II ) of the Canadian of eastern New York. On
- the basis of these discoveries, the early stages seem too variable

to serve as guides to phylogeny, or else their significance has so

fa! not been untlerstood.
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On the basis of adult features, it has been possible to show

a plausible way in which the endoceroicl, in the old broad sense

in which the term was formerly used, could have given rise to

the actinoceroid. This has been traced by the writer (Flower,

1941) beginning with EUesmeroceras and passing through Bath-

moceras and the primitive actinoceroid, Polydcsriiia. This hy-

pothesis requires further study of Batlimoccras, particularly in

regard to the fine structure of the connecting ring, the deposits

derived from the connecting ring, and a search for possible vascu-

lar structures. Unfortunately, suitable material of this genus has

not been available ; indeed Holm's earlier study of the genus was

based upon the only specimen thus far found well enough pre-

served to be studied by sections. However, the similarities be-

tween this genus and Polydesmia are quite striking, and sug-

gest an evolutionary progression involving the expansion of the

siphuncle within the camerae coupled with a differentiation of the

thickening of the connecting ring which projects far into the

cavity of the siphuncle into annulosiphonate deposits.

Kobayashi, however, (1935, p. 75© ; 1936, P- 234; 1937) has

proposed that the actinoceroids and the Stereoplasmoceratidse

were both derived from orthochoanitic orthoceracones. This is

possible from the point of view of the outline of the siphuncle.

However, it does not explain the sudden appearance of highly

specialized deposits within the siphuncle, the annuli, the vascu-

lar system, the perispatial deposits, nor is it particularly consist-

ent with the large blunt apical ends of the actinoceroids which

present a sharp contrast to the minute apices of known ortho-

choanitic orthoceracones.

THE ACTINOCEKOIDEA t)P THE CINCINNATIAN

The Cincinnatian Actinoceroidea, only a part of which are

included in the present work, include representatives of three

families, the Armenoceratidae, represented by several specimens

of Armenoceras, the Gonioceratidae, represented by a single spe-

cies of LambeoceraSydjad the Sactoceratidse,represented by Troeds-

sonoceras, which is .confined to the Cathys and Cynthiana of

the Trenton and the Maysville of the Covington but which does

not persist into higher strata. The species of Troedssonoceras

are included in the present volume. Treptoceras Flower, also
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of the Sactoceratidee, reaches its fullest expression in the Cincin-

natian. To this genus belong the smooth orthoceracones which

are the commonest of the Cincinnati cephalopods. This genus

has its inception in the Trenton and persists throughout the en-

tire section at Cincinnati. It is also represented in the Lorraine

of New York, in the Cincinnatian of Ontario, but is unknown in

Anticosti or in any of the boreal associations. The magnitude

of the problem of identification of the several thousand specimens

of this genus available for the present study and the problem of

identifying the previously described species of "Orthoceras" of

the Cincinnatian, nearly all of which belong in this genus, but

are so inadequately described that they are for the most part

unrecognizable, have made it necessary to delay the description

and discussion of these species for the second part of the work.

Family ARMENOCERATID>SE

Genus ARMENOCERAS Foerste

Genotype.

—

Actiiwceras hearsti Parks.

Armenoceras Foerste, 1924, Univ. Michigan, Mus. of Geol., Contrib., vol.

2, p. 32; Foerste. 1924, Canada, Geol. Surv., Mem. 145, p. 73; Troeds-

son, 1926, Meddelelser om Groenland, vol. 71, p. 60; Foerste and Sav-

age, 1927, Denison Univ. Bull., Sci. Lab., Jour., vol. 22, p. 63; Foerste,

1929, ibid., vol. 24, p. 202: Foerste .-ind Teichert, 1930, Denison Univ.
Bull., Sci. Lab., Jour., vol. 25, p. 269; Foerste, 1933, ibid., vol. 28,

p. 17.

Armenoceras is differentiated from Actinoceras by the seg-

ments of the siphuncle, which are more abruptly expanded, so

that the brim is well developed and the neck very short. The

brim is sometimes free and sometimes recumbent, that is, so re-

curved as to lie in contact with the free part of the septum of

which it is a modified continuation, and all gradations between

the two conditions exist. The segments are expanded within the

camera, rounded, and generally the adapical end of the connect-

ing ring is adnate to the septum. vVnnulosiphonate deposits are

typical of tlie actinoceroids. The course of the radial canals

varies somewhat within the genus, but consists typically of two

series of arclike canals which are possibly efferent and afferent

vessels, as in Nybyoccras. Teichert (1933) has discussed this

type of structure most adequately. However, some species of
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the genus appear to have simpler canals, and Flower (1941)

has suggested that perhaps these forms are more closel)' allied

to the Sactoceratidse. It is possible tliat .ir)n-cr,occras and Ornio-

ceras nia}' be united by Middle Orduvician si)ecies which have

been assigned to both genera, t) [)iiicd b}- . Innciioccras aHmiicf-

tense, in which tr.c segments of the sij)huncle are narrow, sub-

spherical, the septal f(n-amen truncating the spheroidal outline

only slightly, but in wiiich the brims are generally extensive, the

necks short in species assigned to /Inncnoceras, while forms

showing longer necks and shorter brims have been {tlaced in

Ormoceras. Treptoceras Flower, t^jjicall}^ (icvclopcd in the Up-

per Ordovician, is closel\- allied to this line.

It is believed that .irnicnoccras arose from such older .Vrmeno-

ccratidge as Nyhyoccras and Cyrfoiiybyorcras, win',ch appear in

the Chazyan, and are characterized by a series of double arcs

forming the radial canals of the si]:)honal ^ascular system. This

condition is believed to be more primitiAC than th,(^ single series

of arcs in each segment developed in the ActinoccratidiC, and tlie

horizontal radial canals of the .'^actocerotida.-, a feature which

appears in some species,otherwise ty])ical , /r;/i(?;/06"t'ra.? on the bas-

is of the outline of the siphuncle alone. Such Armcnoccras spe-

cies survive into the Silurian, and give rise t(^ the Devonian

Mctarincnoccras Flower (1941) in which the canal sy.stem In-

comes even more specialized. In general, the younger species

of Anneiioccras de\'elop narrow and small si]3!nmcles, closer to

those of Ormoceras, and resemble tliat genus in the simple hori-

zontal radial canals. A few exceptions are found in Silurian

species of Anticosti, notabl}' in . /. cxcaifralc and . /. cJ'.icottensc,

which appear closer to the Ordovician t}pes.

At the present time some 36 named s).)ecics and varieties of

.'Innoioccras are known in North America. Additional forms

are known from Europe, mainly in the Scan.dinavian area, and

also from the Ordovician of Manchuria and Korea. Attempts

to subdivide this overl}^ unwieldl\- genus liave thus f:ir l^eeji ra-

tlier unsuccessful. .Shimizu and Obata have attempted to sub-

divide it on the basis of differences in the form of the segments

of the siphuncle, but these differences cannot be widely applied

and do not seem to include species whicli are similar (jn llie b;i-
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sis of other features. I'ait of the diflicuUy hes in the fact that

most species are known from portions of phragmocones not al-

ways enough for accurate comparison, while another group is

known largely from isolated siphuncles. Further, some species

have not been studied closely enough to i)crmit close subdivision

on the basis of details of the outline of the siphuncle. The radial

canal system is regarded by the writer as a potential aid in clari-

fying the relationships of these species, but information on the

structures involved is lacking for a good many of the described

species, particularly those of tlie American Arctic region.

Cincinnati species.—Three species of Armcnoceras are known
from the Cincinnati region. All three belong to the group of

forms characterized by sliort broad siphuncles which have the

septal foramen nearly normal to the axis of the shell, and in

which the connecting ring is broadly adnate at its adapical end.

In .contrast, another group of species including the genotype,

shows a poor area of adnation, the septa are oblique where they

join the siphuncle, and the general pattern of the segments tends

to be faintly heart-shaped, suggesting that these species may be

related to the forerunners of HuronieUa, which appears in the

Red River but is better developed in the Silurian.

The first of the Cincinnati forms is A. vaupcli, characterized

by very shallow cameras. The siphuncle is relatively small, lies

close to the venter, and is made up of \ery short segments. A.

brevicauieratum Foerste and Teichert (1930) of the equivalent

Cathys limestone of Tennessee is probably the only form which

is very closely related to this one.

The two remaining species occur in the Richmond and have

larger siphuncles. In //. richmondense the siphuncle is found to

be definitely moved from the venter, and this species appears to

be closely allied to . /. arcticttm var. angustum Troedsson. A.

madisoncnsc resembles .1. richmondense closely, but has a more

ventral siphuncle, and differs in details of the form of the septal

necks. It is evidently closer to the Maquoketa species A. cler-

nwntense and /I. iozvaense. A fragment unworthy of description

or illustration indicates the presence of Armenoceras in the Lei-

pers beds at Rowena, Kentucky.

Armenoceras vaupcli Flower, n. sp. Plate 43, figs. 2, 4; Plate 47, figs. 4-6

Concli orthaceraconic, slender, very slightly depressed in sec-

tion, without definite flattening of the venter. The most com-
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plete specimen expands from 31 mm. and 33 mm. to 38 mm. and

.-;o mm. in a length of 70 mm , and consists of 22 camera'. The
sutures appear transverse on t;ie ventr-il side, but slope orad

from A-er.ter to dorsum, the ohliciuity hein;-.:; conlined to tlic dorsal

half of the shell, a faintly sinuous pattern resulting. Thirteen

camerre occur in a length equal to the lieight of the sliell of 39
mm., and 12 occur on another specimen in a length etpial to an

adoral width of 42 mm. The septa are deeply curved at a shell

height of 37 mm., the curvature is 14 mm., or nearly equal to

the length of three camene. Tlie greatest deptli of tlie camera

is slightly ventrad of the center hut dorsad of the si]:)huncle.

The siphuncle is scarcely Vv'ider than high, relatively small, and

close to tlie venter. Adapically a segment is 3 mm. long, ex-

panrls from 5 mm. to 10 mm., and at its broadest ]:)ortion is 5

mm. from the venter. Adorall^' th.c segment is 3.5 mm. long,

expands from 6 mm. to 12 mm., and is 4 mm. from tlie venter.

In vertical section tlie adapical end of the connecting ring is al-

most free dorsally and broadly adnate ventrally. At its adoral

end the ring is attaclied broadly to the septum on the dorsum

l>ut not on the venter. The septal necks are short and appar-

ently recumbent, bu.t whetlier nai^rovvdy free or actually in con-

tact with their septa, is uncertain. Annulosiphonate deposits

are well developed and typical.

The species is known only from pln^agmo.cones which range

from a width of 33 mm., and a height of 31 mm. to an adoral

shell width of 55 mm.
Discussion.—This species is represented in our material by

four specimens, three of which are badly weathered and fail to

retain the dorsum. The fourth, here used as the holotype, rep-

resents a portion of a phragmocone complete for a length of 70

mm.
Only one form is closely allied to this species, .-f. hrcvicmnera-

tinn Foerste and Teichert of the Cathys limestone. Both spe-

cies liave short septa, sutures somewhat inclined orad on the

dorsum, and a small ventral siphuncle. A. vaupeli is distin-

guished from . .'. hrcvicameratum in the stronger curvature of

the septa, which are also slightl}' more inclined orad on the dor-

sum, but mainly in that the siphuncle is considerably smaller in
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proportion to the (iianictci" of the conch, and is considerably

closer U) the \cnter in . /. I'aupcli. It is evident, althout^h J.

i-iuipcli is kn(nvn from portions slightly smaller than A. brcvi-

caincratuiii, which seems to be known from the single holotype

onl\", that its siphuncle tends to become more eccentric rather

than less, witli increase in growth, and ccmsequently the adoral

parts of the shell are less lilce those of . /. brci'icaincraiuni, than

are its earlier parts which are more remote from A. brcvicainera-

tnin in actual dimensions. Consecjiiently the two species ap-

pear to be quite distinct.

Both forms exhibit the bn^ad adnation of the siphuncle on

the adoral end on the dorsum, and on the adapical end on the

venter, a condition .characteristic of Nybyoceros. It is uncertain

whether this represents a real relation.ship inasmuch as the con-

dition is found more or less well developed in all s})€cies , in

which the siphuncle lies well \entrad of the point of greatest

{'epth of the septum.

Other species of /irv.ienoccras are not closely allied, typical

forms iiaving botli deeper camei-je and larger siphuncles.

Types.—Holotype, Shideler Collection
;

paratypes, Univ. of

Cincinnati Museum, Nos. 23901, 23903.

Occurrence.—From tlic Cynthiana lime.stone, Cynthiana, Ken-

tucky. All forms are from the GreencUile men:!ber of the Cyn-

thiana.

Armenoceras richmondensc Flower, n. sp. Plate 44, figs. 1, 2

Tliis form is represented by shells usuall}- fragmentary and

jlattened but which show tliat this species had a phragraocone

rather similar to tliat of //. madisonense but differing in the more

central position of the siphuncle. The holotype, selected as the

least distorted although not the most complete specimen, is a

])ortion of a pliragmocone 55 mm. in length, increasing in width

from 40 mm. to 50 mm. in a length of 45 mm. Hie shell height,

decreased jiartly l)y weathering and partly by slight pressure,

is 38 nmi. adorally, and was probably nearly as great basally.

At the adoral end of tlie sliell the siphuncle is 14 mm. high and

21 mm. v,dde at the septal foramen, is 7 mm. from the ventral

wall and about 18 mm. from the dorsum. At a shell width of

50 mm. the septa are equal in curvature to one and one-half
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camera;. Seven and a half caniene occur in a length equal to

the adoral shell width.

The siphuncle is always much wider than high, strongly de-

pressed in section. The segments in section show a remark-

ably small septal foramen, actually 9 mm. in widtli where it is

apparently 14 mm. in width, for the septal necks are recum-

bent and broadly adnate to both ends of the connecting ring, ex-

tending far within the apparent minimum diameter of the si-

phuncle, where they are obscured by the recrystallized annulo-

siphonate depo?its. The apparent expansion of the segments

in the cameras is slight, one increasing from 18 mm. to 2^ mm.,

where tlie lenj];{h of the sei!;ment i-i 7 mm.
In section, tlie siphuncle shows that the septa continue far with-

in the apparent septal fo;-amen, so that where the apparent mini-

mum width of the segmeiit is 18 mm., the septal foramen was

actually only 9 mm. wide. 'I'he condition of the necks and brims

is obscured in most cases b}- rccrystallization of the calcite sur-

rounding and composing them, but at several points the sections

show that tlic brim is strongly recurved, but actually does not be-

come recumbent, and fails to touch the free part of the septum.

Also, tlie adoral portion of the .connecting ring remains free from

the septum, although adapically a broad area of adnation is de-

veloped. The radial canals are r!early normal ti.^ tlic central

canal, but their arrangement cannot be made out clearly. The
camera bear only very thin hvposeptal and episeptal deposits

which are unusually thin tlu-oughout, even where the segments of

the siphuncle contain mature annulosiphonate deposits.

Discussiop..—This form resembles A. madisoncnse Foerste and

Teichert (1930, page :C72) but may be distinguished in complete

phragmocones hy the position of the siphuncle v/hich is not in

contact with the ^•enter in this form. Further, the almost straight

course of the septa from the sliell wall centrad and apicad to the

siphuncle in the adapical part of the phragmocone seems to be

ch.aracteristic of tliis species. Recognition on the basis of the

isolated siplmn/cles is more difficult, but is possible if good sections

can be made, for in ./. madisori.en.se the tip of the septal neck

touches the free part of the septum, which is not true of A. rich-

mondense.
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111 other rcf^Muiis, anion;^' (lie man} (.Icscribed si>ccic.s of .Ar-

inciioccras. there arc >icvcrcil other comparable ff^rins. .1. cler-

moalcrisr I'cerste is Ijnscd upoi; a wcathcrd shell which snpcr-

iicially nii^j^ht reprcseiit an aeloral ])ortion of . !. rirlrrnoHdcnsc.

It shows tlic sanie short sej^nr.ents. The cuv\.'Uuve of the septa is

r.ot dissinukir from that of the adoral l)ut not the adapical end of

//. "!c!iinoM(fciise. but the si^'/hnncle is closer to the venter in . /.

(lcrii;o::friiS(\ there secn's to he ni(.irc ])roiioiincc(' fu'.ttenin.!^ of

the \-entral sitle of the shell, and the se;;"mcnts of the siplnincle

are consi<lerably broader in ])roportion to their length, tiian would

b'.' those of -/. rjcliiiioiuh'iisc. .1. rid'.moiuicusi: fails to show an

adorid increase in the width of the segments of the si{)huncle

:-ucb as wonld produce the wide segments of . /. clc^v.ionteuse

when jiroiccted (;nto a commensurate portion f>f a pliragmocone.

. /'. hnvacr.se j^c^erstc, also of tlie j\iaqiioketa shale, shows segments

of a siphuncle which expand less r.";pidl\- orad, bnt differ from

th<-se of .}.. ricliaion-'cnst: in being in cojitact with the ventral v\'all.

More similar to .1. ricJmtii/i-Jcnsr arc two forrrs from the Ca]">e

Calhoun Ijeds of Greenland, J. orcticnw Troedsson (1026) and

. '. arcticuni \ar. a;i;'itst 11/11 Troedsson (ic)26). The former is

easily distinguished b\- its broader siphuncle, in which it seenifi

to be very closely allied to .-1. clerriiontcnsc. . I. arctirnni var.

afT-;/usfiur, in the mrrower siphurrlc is closer to tl'C Richmond

sjjccies but has a move poorly developed area of adnation at the

adapical end of tlie cfMinccting ring. This form is probably more

clcsel)" allied to . /. riclr.iioadi-nse than an)- other species.

Other comparable {o:"ms have been discussed under th.c generic

discussion.

Types.—IJolot} i>e, I'nix'. of Cincinnati iMuseum, Xo. 23916.

Paratypes, I'niA-. n{ Cincinnati MiJseum, No. 2.4.4/2. 7in(\ two

sj>eciniens in the collection of Dr. W. H. Shidelcr.

Orcurrriwr —This species ranges from the Blanchester ap-

j>arcntl} to the top of the Liberty Ix'ds. The holotyj^e is frcnri the

Liberty, in a road cut about three miles south of ?.Iilan, Indiana,

on In<Iiana l^outc 1. The figured paratope (Sbideler Collection)

is from th.e lUanchester bcc^s of t!ie ^^^^j nesvillc, Addison's Creek,

near Oxford, Ohio. Tivo loose siphuncles are from the Libei't}',
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one at Madison, Indiana, the other from the coral reefs of the

Liberty at Rardstowia, Kentuck}-.

Armcnoccras madisonenae Fcerste and Tei elicit Plate 47, fig. 7

Anmvncfras nutdianiinisc Foci'.sto iind 'Vuicliort, li.t.'lO, Deiiison Univ.

Bull., iSci. L;ii)., Jonv.. vol. 25, p. 1172, pi. 45, fig. lA-C; pi. 58, fig. 1.

Originol description.—Specimen l.'iS mm. long, enlarging at an approx-

jma'c angle of 5 degrees. At its base the lateral (iianieter is estimated
at .'15 nun., ;Mid at a point 90 jrnn. I'artJier u}> it equ:ils 4."; nun. The num-
ber of caincrse in a length equal to a lateral diameter of the conch varies

from G along tl;c lower part of the specimen to 7 near its top. Tlie con-

cavity of the septa ia about 8 mm. The sutures of tlie septa are not ex-

jiosed. Tiic siphnnclo is in flattened contact with the ventral wall of the

conch at tlie lower end of the specimen, but is 1.5 mm. distant at the up-

per end. The diameter of the siphuncle enlarges from 18 mm. at the base
of the specimen to 20 mm. at tiie top. Tlie septal necks arc extremely
short, and hardly twice as long as tlie thickness of one septum. The septa
curve backward very sharply at the septal foramen and form a rather short

Virim. Along its inner parr th.e brim is sopri rated fo)' n very sJiort distance

from the lower si<le of the overlying septum, but conies in contact with
this septum along its outer lialf.

Occurrence.—Aladison, Indiana, fr(.)ni some unknown horizon,

but apjjarently from the Saluda member of the Richmond. Holo-

type, No. 15493, U. S. National Museum.

Discussion.—This species is evidently rare and appears to be

known only from the holotype. Examination of other Richmond

Armenoceras has shown in the case of every specimen examined

that the septal necks are longer and the brim and the adoral end

of the connecting ring are free, which is not the case in A.

uwdisonense. These specimens are assigned to tlie new species A.

richmondcnsc, which is known to range from the upper Waynes-

ville to the Liberty but has not been found higher in the section.

This species differs further in liaving a siphuncle M'hich is much
farther from tlie ventral wall of the shell than is tliat of A. niadi-

isonense.

Foerste and Teichert are somewhat doubtful concerning the

age of A. madisonense, but the w-riter has followed them in as-

signing it tentatively to tlie Saluda. This seems probably safe in

view of the usually cliaracteristic lithology of the Saluda, and

Foerste's intimate knowledge of the entire Cincinnatian, but even

in the Saluda lithology may play strange tricks, and further veri-

fication is eminently to be desired. The writer can say only that

none of the Liberty or Waynesville species of Armenoceras which
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have come to his attention are conspecihc with the species under

discussion. However, it must be admitted that had one of these

forms not been collected in place, it might have been considered

of Saluda age on the basis of lithology and weathering. Unfor-

tunately the holotype of A. madisoncnsc could not be re-examined

for tlie present study with tliese matters in mind, as at the time

of writing, it is, with other of the U. S. National Museum types,

in storage for the duration of the war. Happily, the species was

studied by Foerste and Teichert witli their customary thorough-

ness and was amply illustrated.

Family GONIOCERATID/E
Genus LAMBEOCEKAS Foerste

Genotyi>e.

—

Gonioocron lamhci Whiteavcs.

Lamlicocera^ Feerste, 1917, Ciiic-iuuati Soc. Nat. Hist., Jour., vol. 22, p.

45; Foerste, 1926, Denisou Univ. Bull., 8ci. Lab., Jour., vol. 21, p.

312; Troedsson, 192G, Medcielel.-ser om Crujuland, vol. 71, p. 44; Foerste,

1929, Denison Univ. Bull., Sc-i. Lab., Jour., vol. 24, p. 213; Foerst<>,

1929, iMd., vol. 24, p. 320; Foerste and Teichert, 1930, ibid., vol. 25,

pp. 207, 213, 214; Foerste, 1933, ihid., vol. 28, p. 41; Foerste, 1935,
ibid., vol. 30, p. 51; Teichert, 1935, Amor. Jour. Sci., vol. 29, p. 22;
Teichert, 1934, Meddelelser oni Greenland, vol. 92, pp. 32-36; Leitb,
1942, Jour. Paleont., vol. 16, pp. 130-132.

Shell straight, very strongly depressed, with the dorsum and

venter somewhat convex but strongly separated by sharp lateral

angles. The sutures form broad rounded lobes, generally very

deep, over dorsum and venter separated by angular lateral sad-

dles. Generally the suture describes a lobe on the venter some-

what more strongly curved and narrower than that of the dorsum.

The sutures show only a very slight reversal of curvature toward

the sides, not present in all species. The septa are strongly curved

laterally but nearly flat vertically. The siphuncle is located

ventrad of the center of the shell, is large, and is typical of the

Actinoceroidea in its construction and deposits. Owing to the

extreme flatness of the shell the siphuncle differs markedly in ap-

pearance depending upon the direction of the section from which

it is studied. A horizontal section shows broadly expanded seg-

ments. The septa appear to approach each other where they

make up part of the siphuncle and are adnate to the next adoral

connecting ring but are turned slightly farther apicad than is

normal. The true brim cannot usually be seen in opaque sections



u-H Bii.ij:ti.\ ] 1() (jlO

as it is very short and is usualh' ccjiiiplicated by the development

of the circulus ; the whole bein;^- Irequenth' ojjscured by recrystalli-

zation. The true structure has, however, becii demonstrated by

Teicheit. The connectiuL;' ring is nearly tree at its adoral en«l

but broadly adnate adapicall} . In vertical section the septa

Unid abruptly aplcad and appear to be orthochoanitic. 'lliey do,

liov/ever, have short recumbent septal necks. 'Die connecting-

ring expands rapidly, forming an indaled segiiient and is broadly

adnate to the next septum at its adajjical end. l"he structure is

faintly suggestive of Ihat of Hiironia. The usual annulosiplionate

deposits are develoi)ed with radi.al and cerjtral canals lemaining.

The surface features (Leith, 1942) are known for only tlie

genotype. They consist of transverse bands which form a slight

crest on the dorsum rmd a low broad sinus over tiie entire venter.

Shells of this genus may attain immense si/e, riv:iling the larger

endoceroids.

Discitssioit.
—

'i'his genus is widespread in strata of the later

Ordovician Arctic emba^ment, being knovvn. fnnn Cape Calhoun

to the Big Horns, .\lthough present in the Jvichnajiid of Ohio,

it is not known from tlie Macpaoketa shale of the Aii.-ssissippi Val-

ley, though present there in the underlying .Stewartville bedis. It is

not known from the eastern equivalent formations, eldicr from

the Whitehead of Gaspc (jr from the r)rdovician of Anticosti.

The range of the known species is summarized below

:

L. acutilateraJc F(,erste (it)3S). Lander sandstone, Big l]<'»rns.

L. arcficum Teichert (1937). Ordovician, Igluiik Islarid.

L. horeum Troedsson (1926). Cape Calhoun series, Greenland.

L. conjertum Foerste (1932). Stewartville formation, Minne-

sota and Illinois.

/.. cl conjotuiii I'oerste (1935 ). Lander sandstor.e, jjig liorns.

L. citltraiuiii Miller (1932). Lander sandstone, I'ig Horns.

L. cf. cultratitiii Miller, (Foer.ste, 1935). Stewartville oi lllinoiii.

L. loii'.bel (Whiteaves, 1891), (see Foerste, 1926). Selkirk

lormation, Ivcil River, Manitobri.

L. cf. lanibci Foerste, (Teichert, 1937). Mt. Nautilus, Co,ck-

burn land.
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L. landerense Foerste (1935). Lander sandstone, Big Horns.

L. magnmn Troedsson (1926). Cape Calhoun formation,

Cireenland.

L. nudiini Troetlsson (1926). Cape Calhoun formation, Green-

land.

L. cf. nudum (Teichert, 1937). Ordovician, Iglulik Island.

L. cf. nudum P'oerste (1932-33). Ordovician, southern Baffin

Land. <

L. peculiare Miller (1932). Lander sandstone, Big Horns.

L. princeps Troedsson (1926). Cape Calhoun fonnation,

Greenland.

L. cf. princeps Troedsson (Foerste, i()2ij). Dog Head, Red

River, Manitoba.

L. richmondensc (Foerste) (1917). Whitewater, Richmond,

Indiana.

L. (?), sp. Miller (1932). Lander sandstone, Big Horns.

One other species, L. leveannidatum (Troedsson, 1926), has

been made the genotype of Rasmusscnoceras Foerste (1933). In-

ternal molds of this genus resemble those of Lambcoceras but

the siphuncle is very slender. That genus is discussed elsewhere

m the present work,

Lambeoceras has been placed by Foerste and Teichert (1936)

in the family GonioceratidcC of the Actinoceroidea, and subse-

quent morphological investigations of Teichert (1934) have tend-

ed to confirm this assignment as have those of Leith (1942) who
confirmed the presence of typical actinoceroid type of deposits in

the genotype.

Gonioceras may readily be distinguished by the course of the

sutures. In that genus the broad rovmded lobe of the center on

both dorsum and venter reverses its curvature at the sides, so

that there are rounded saddles flanking the central lobe and at the

edges of the two flat surfaces sharp lateral lobes are fonned. Al-

though the sutures may tend to flatten out laterally in Lambe-

oceras they never form true lateral lobes, and these genera al-

though apparently closely related, do not intergrade.

Species which in the past have been placed in Tripteroceras

agree with Lambeoceras in form, but have a small siphuncle, so
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small and weak that it is usuall}' not preserved at all. Although

some such species have been placed in Tripteroccras, it has

seemed vvisest to remove them to Rasuutssenoccras, \\\i\\ which

they agree in all known mcrrphological features, inasmuch as they

differ from typical Tripteroccras in that tlie section is not sub-

triangular, while the dorsal keel is lacking.

Only one s^x^cies, and tha.t a somevviiat variable one, of Lanibc-

oceras is recognized in the Richmond of the Cincinnati area. This

may be distinguished from Rasnmsscnoccras by the characters of

the siphuncle, and also by the somewhat larger size attained by

the species. The two are, however, so very similar in aspect, so

much so that I have often l^een in doubt as to which certain poor-

ly preserved fragments, failing to show the siphuncle and septa

clearly, should be placed.

The apical end of Lambeoccras has not been noted. One speci-

men of L. richmondensc figured here fails to retain the extreme

apex but indicates by the form of the external mold at the base of

the shell that the apex was very rapidly expanding as in simpler

genera of the Actinoceroidea. Somewhat analogous conditions

are inferred from specimens of Gonioccras which approach but do

not quite attain the apex of the shell.

Lambecceras richmoiideiise (Foeiste)

Plate 44, lig:;. 3, 4; Plate 45, fiys. 1, 4; Plali; 4G, figs. 1-4

Tripteroceras {Lambcoceras) riclimoiidcn^is Foerste 1017, Oincimiati

Soe. Nat. Kist., Joui'., vol. 'Sl, pp. 44-46, pi. 1, fig. oA-D; pi. ?,, fig. 2.

Conch straight, strongly depressed in section, with the venter

slightly more flattened centrally than the dorsum. The rate of

expansion of the shell varies among the different growth stages,

being rapid at first, and later more gradual until the adoral part

of the shell scarcely expands laterally. The earliest stage ob-

served shows a lateral expansion of i6 mm. to 32 mm. in 40 mm.,

while an external mold of a more apical portion of the same speci-

men indicates that this rapid exi)ansion began at or \ery near a

blunt apex. At a region between a width of 34 mm. and a width

of 40 nmi. the rate of expansion decreases, and tlie shell expands

from 34 mm. to 47 mm. in a length of 80 mm. The larger speci-

mens show a still more slender form in adoral parts of the conch
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One specimen (Shideler Collection, PI. 45, fig. 4) increases from

54 mm. to 59 mm. in the 40 mm. of the phragmocone and to 65
mm. in the y^ nirn. (f t'-ie living chamber. A second lo.rge speci-

m.en (Earlham Collection, No. 6422, F^l. .;4. hg. 4) sr.ows an in-

crease of from 60 mm. to 66 mm. in a length of ii_|. The larg-

est specimen ohser\ed incre,-is<.'s from a width of 67 \v.n\. to 70
mm. in a lateral length of 134 mm. (PI. 46, 'iv^. i.)

The section of the shell is generall}- uncertain as specimens are

often subjected to crushing. However, one small fragnicrit \n a

good .condition of preservation shows a width of 31 mm. a.nd a

height of 14 mm. which increases in 31 mm. to 43 mn-s. and 16

mm. Flattening is more marked in more mature portions of the

shell but ma\' be augmented b\- distortion. The height is 20 mm.
at a width of 58 mm. near the base of one of our larger si>ecimens

where the shell does not appear to be distorted.

The septa are strongly curverl laterally but nearly flat vertical-

ly. In the central portion the septum is slightly oblique in un-

distcrted specimens sloping slightly orad fnjni venter to dorsum.

'ITie sutures in early ephebic stages of growth show lobes on the

venter and dorsum which are slightly difl'erent. On the venter the

median lobe is fleep and sharp, though rounded at its center, the

appearance of sharpness l)eing augmented b_\^ the wa\- the suture

is curved laterallv, so that it becomes convex orad upon approach-

ing the lateral saddle. A broad rounded lobe, broader and sliglit-

!}• shallower occupies the entire dorsum, as shown in Plate 46,

figure 3. Adorally the difference between the dorsal and ventral

sutures becomes less marked, the broad adoral convexity of tlie

lateral part of the suture is lost, though in the extreme adoral

portion of the phragmocone the extreme lateral part of the su-

tures of the venter again becomes slightly curved :ipicad. This is

.shown clearly on our largest specimen v*'hich. represents a definite-

ly gerontic condition.

The camera; increase in depth fron) 4 mm. near the apex at a

width of 16 mm., to 5 mm. at a width of 40 mm. Adorally tlie

cameric tend to become shorter. The largest specimen shov»-s

camerie 5 mm. deep at the center of the specimen, but only 3 nmi.

deep over a broad area near the base of the living chamber. An-

other specimen shows camerse 4 mm. deep at a width of 54 mm.,
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and a third (Earlham Collection, No. 6422) has earners 3 mm.

in depth at a width of 62 mm. In general, the depth of the lobe

of the suture is equal to or slightly less than the depth of two

camerie in the earl} part of the shell, but adorally the camerae

•irc shortened and at a width of 60 mm. seven cameras occur in

che lineiir interval of one ventral lobe, and are still more closely

spaced in tlie extreme gerontic portion.

The siplumcle lies ventrafl of the center of the shell. The seg-

ments are broadl} nummuloidal, as can be seen in several wea-

thered specimens. The form of the segments is shown clearly

'.n tiic enlarged sections. Horizontal sections are typical of Lamb-

coccras as known from the genot\pe and the Cape Calhoun forms

stuched b\ Troedsson and b} Teichert. In vertical section, how-

ever, the necks are more evenl)- recurved and do .lOt extend api-

cad for an} considerable diistance along the siphuncle but are

more similar to tlie septal necks of . Iniiejioccms. Also, the ex-

l)anded part of tlie segment is nearl}' equal to its length as a result

of the reduction of the length of the septal necks.

Hie surface features have not been observed on tnis species.

! lie li\'ing chambers are essentially complete on two known in-

dividuals, one of which has a maximum length of 90 mm. in the

median portion, '/T) i^^^''^- laterall}-, and expands in this length from

a width of 56 mm. to 60 mm. The second living chamber has a

maximum median length of 95 mm., a lateral length of 80 mm.,

and increases in width from 60 mm. to 63 mm.
Discnssioii.—Typical specimens of this species, which are in-

ternal molds, are readily confused with Rasnnissenoceras muta-

bile and can be best distinguished by the characters of the si-

phuncle, for while Lamheoccras always has a rather large num-

muloidal siphuncle which leaves conspicuous traces on the septa,

the Cincinnatian Rasuiussenoceras fails to show more than the

faintest indication of the septal foramen, and the structure of the

siphuncle is poorly known. L. richmondense may further be rec-

ognized by the greater size, the more flattened venter, but the

sutures and the rate of expansion in both species are very similar.

L. richmondense differs from the genotype of Lambeoceras

and the Cape Calhoun species, in short, from all of the species
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which have thus far been studied from vertical sections in that

the septal necks do not extend straight apicad along the siphuncle

for any considerable distance. L. lambei, the genotype, is a ?^\-

{;antic sjx;cies of the Red River formation, and the convexity of

the sutures as they approach the lateral margins of the shells is

confined to a very late stage of growth. /.. princeps Trocds-.on

is also a very large si)ecies which can be readil)- distinguished

by the deeper camera! and also by the cross section in which the

venter is as convex as the dorsum. It also has a considerabl}'

larger siphuncle in proportion to the size of the ,conch. L. mulum
Troodsson is more similar in aspect to L. richynondensc, but the

venter is more convex in cross section, and in horizontal section

the siphuncle is less expanded in the camera;. L. tnag)iniu

Troedsson is a much larger species in which the septal necks

are parallel to the axis of the shell in vertical section, and in

which they are nearly pai-allel to tlie shell axis in a hori.-ontal sec-

tion. Commen.'^urate i)arts of this species are not known for

comparison with /.. richmondcnsr, but the extant portions shou'

a greater adapical cun^ature of the sutures upon appmacViin';-

the lateral margins of the shell, though this is conJined to the ex-

treme marginal portion of tlie shell. L. horcurn Troeds.son. is

distinguished from L. riclimondrnsc by the broader siphuncle as

seen in liorizontal section. In spacing of camera? this sjjccies is

perhaps clo.ser to L. richmoiidense than the others thus far men-

tioned.

Comparison v;ith the Bighorn sjxfxies is more difficult, inas-

much as man}- of these species are known onl}- from fragments,

and differences which appear to l)e real on the basis of the known
lx>rtions of these species may Ijecome less marked when the en-

tire shells :'.re known. /,. cuUratiim Miller is very similar in as-

pect, differing mainl'/ in that the c'.riera" arc rlightly shorter.

The sutures are less .steeply inclined laterally than in commensur-

ate portions of /,. richirionr'ciisc. L. pccitHarc Miller is readily

distinguished by the ver}- shall')w cair.era^ and \he \cry broad

section, /.., sp. Miller (1932. pi. 27, i\^]:<.. 1, 2) is distinctive in

the strongly transverse condition of the central part of tlie dor-

sal suture. /-. conlcrtirn Foerste of the Stewartville doloinitc

i.s reported as having a more slender siphuncle than other spe-
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cics, a condition which is parti}' due to the narrow appearance

of the siphuncle as incompletely exposed on the venter by wea-

thering in the t}pe specimens. The camerse are much deeper

than in commensurate parts of L. richmondense, the ventral lobe

deeper and more narrov/, and the faint recurvature of the lateral

part of tlie suture appears relatively early in life. L. landerense

is a form readily distinguished by very shallow cameraE. L. acu-

lUatcrale is distinct in tlie combination of rapid expansion and

camera; which increase rapidly in depth orad. Although the

type is probabl}' an immature shell, no comparable species are

known.

In general the ontogenetic progression of Laniheoceras seems

to begin with a flattened shell in which lateral expansion is rapid

and dorsal and ventral lobes are simple. This is followed by a

region in which the rate of lateral expansion is markedly de-

creased and in which a clear differentiation appears between a

broad dorsal lobe and a narrower steeper ventral lobe. Still far-

ther orad the sutures tend to curve toward the horizontal upon

approaching the sides, sometin:es faintly suggestive of Gonio-

ceras. In such a stage the conch frequently becomes even more

slender, the rate of lateral expansion becoming negligible.

L. richmondense is represented by a number of specimens

among our material, all consisting of internal molds. One is of

particular interest for the grouping of a large number of orbi-

culoid brachiopods in the living chamber. From their position,

these were fastened to the inside of the shell.

Types.—The lo,cation of the syntypes, which include appar-

ently four specimens, is unknown. The hypotypes upon which

this description is based are from the W. H. Shideler Collection,

Miami University, the University of Cincinnati Collection, and

the collection of Earlham College.

Occurrence.—From the Whitewater formations and the Saluda,

from various localities in Ohio. One specimen is recorded as

from the Liberty of McDill's Mills, near Oxford, but may actual-

ly be from the basal Whitewater. The species appears to be

present in botli the lower and upper Whitewater, from the vi-

cinity of Oxford, Ohio, and Richmond, Indiana.
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Family SACTOCERiVTID^

Genus TROEDSSONOCERAS Focrste

Gronotype.

—

Orthoceras tvrbidum Hall an 1 Wlntfield.

J'roedssonocera.'! Foerste, 1928, Penison Uuiv. Bull., S«i. Lab. Jour., vol.

2.S, pp. 40-41; Foersr and Teichcrt, 1930, Dcni.son Univ. Bull., Sci.

Lrib., Jour., vol. 25, pp. 209, 214; Teichort, 1934, MciMclelscr om
Greenland, Bd. i:V., nv. 10, pp. 40-4:^; Flovi'cr, 19;:i9, Jour. Paleont., vol.

13, pp. 481-484.

Conch straight, circular or very slic^htly depressed in section,

with sutures which are straight and transverse or only very

slightly oblique. The siphuncle is usually eccentric and is com-

posed of segments which vary from subglobular ones, rather

broad at the septal foramen, to more elongate slender segments

such as are characteristic of Deiroceras. The brim is not greater

than the neck and no areas of adnation are developed. Annulo-

siphonate deposits are of the type which characterize y\ctin-

oceroidea and may fill the siphuncle except for a rather large

central canal, the radial canals and the perispatium. The radial

canals are few, simple, roughly normal to the axis of the central

canal, and may depart from the central canal at different levels

in the segment. Cross sections and longitudinal sections show

that the dorsal and ventral canals leave the central canal at mark-

edly different levels, the dorsal canal occurring apicad of the

ventral one. Canals at the right and left sides may leave the cen-

tral canal at the same point. Cameral deposits are often not clear-

ly shov/n but when present are episeptal and hyposeptal. Their

development is apparentl}' greatly delayed, and they have been

observed only in cameras adjacent to segments of the siphuncle

in which the siphonal deposits have reached their complete de-

velopment.

The surface of the shell is fluted into low and numerous longi-

tudinal ridges which can be observed on the interior as well as

on the exterior. In addition, the surface bears numerous fine

longitudinal strije and lirae.

Discussion.—As pointed out before (Flower, 1939) the genus

approaches and sometimes attains the shape and general propor-

tions of a Dieroceras, from which it may be differentiated only

by the ridges and longitudinal ornament of the shell wall. This

presents something of a problem in generic identification, for it
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is by no means certain tliat all of the species which have been

placed in Dieroceras lack such surface features, for often the

internal molds by which species of this genus are known, are

poorly preserved. Such species arc not definitely known to

lack the lluted shells which characterize Troedssonoceras. In-

asmuch as it is not even certain that Deiroccras python, tlie

genotype, lacks such longitudinal markings, it is not certain even

that Troedssonoceras and Deiroccras are really distinct genera.

However, inasmuch as there clearly is a group of smooth-shelled

s!)ecies u'hich may be separated from the fluted actinoceroids,

the name Deiroccras is tentatively retained for these forms, while

only those defmitel}' known to possess longitudinal surface fea->-

tures are placed in Troedssonoceras.

The Greenland sj^ccies upon the basis of which Teiclicit studied

the genus and from which he concluded that it was not a true

ctctinoceroid, have siphonal deposits of a peculiar tyi)€, Vvhich are

parietal ratlier than pendant. These species are not congeneric

with Troedssonoceras, since a restud}- of the genotype showed

that it had the internal structure of a typical ^ctinoceroid. There-

fore the generic name Striatoccras Shimizu and Obata had to be

revived for the reception of the Greenland species, which are of

imcertain relationship but are not actino,ceroids.

Troedssonoceras, as understood at present, is knov.-n only from

the Cynthiana-Cathys formations and the closely allied Lcipers

and Maysville, all of supposedly austral affinities in their faunas.

The writer (Flower, 1939A) has previously religured and re-

flescribed the genotype, distinguishing it from the associated T.

multiliratum and also described T. haileyi from the Trenton of

Nashville, Tennessee. The horizon, originally unspecified, is

now believed to be the Cathys limestone. .Subsequent material

has added somewhat to the knowledge of the range and .structure

of these species and has supplied the basis for two additional

forms, T. ( ?) ohscuroUratum of the Cynthiana limestone and T.

rowencc of the T^ipers formation. Sactoceras lincatum Troedsson

and .S'. striatum Troedsson (1926) were placed in Troedsson-

oceras by Foerste. These species show a type of siphonal de-

posit very different from that of the Actinaceroidea, and the
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writer, therefore, placed both in the genus Striatoccras Shimizu

and Obata. Orthuceras (Kionoceras?), sp. Holtedahl (1918)

of the Ordovician of Bear Island may belong either in Striatoceras

or Troedssonoceras, since the character of the siphonal deposits

cannot be ascertained from the published data.

The range of the described species is as follows

:

T. baileyi Flower. Trenton, Cathys limestone, Nashville,

Tennessee.

T. ( ?) ohscuroliratum Flower, n. sp., Cynthiana limestone,

Kentucky.

T. rowencr Flower, n. sp. Leipers formation, Kentucky.

T. turhidum (Hall and Whitfield). Fairview group, Cincin-

nati.

T. midtiliratum Flower. Mt. Hope, possibly Fairmount, Cin-

cinnati.

T. cf. midtilirahmi Flower. Bellevue, Cincinnati.

In addition a small fragment, not good enough to merit illus-

tration or description, indicates the presence of an additional

species in the Cathys of Tennessee which is superficially similar

to T. nmltUiratum in surface features. The genus is not com-

mon at Cincinnati. Only in the Leipers formation of Rowena,

Kentucky, is the genus at all abundant.

Troedssonoceras turbidam (Hall and Whitfield) Plate 49, figs. 5, 6

Orthoceras turliidum Hall and Wliitfield, 1875, Ohio Geol. Surv.. vol. 2,

pt. 2, Ptdeontology, p. 100, pi. 3, fig. 1; Jtime?. 1889, Cincinnati Soc.

Nat. Hist., Jour., vol. 8, p. 240; Ulrich, 1880, Cat. Foss. Cincinnati

Group, Cincinnati, p. 21 ; Harper and Bassler, 1896, Cnt. Foss.

Trenton and Cincinnati Periods, Cincinnati, p. 28; Nickles, 1902,

Cincinnati Soc. Nat. Hist., Jour., vol. 20, p. 81.

Troedssonoceras turbidum Foerste, 1928, Denison Univ. Bull., Sci. Lab.,

Jour., vol. 23, p. 40. (Not pp. 41-42, or pis. 6 or 23.) ; Flower, 1939,

Jour. Pal., vol. 13, p. 483, pi. 50, figs. 3-4.

Origvnal description.—Shell of moderate size and very gradually taper-

ing; septa not very closely arranged, four, or a little less than four of

them occupying the space of an inch where the diameter of the shell is

one and a quarter incliea ; on the specimen used for description, which has

been somewhat flattened accidentally, giving a slightly increased width.

Septa moderately concave; siphuncle unknown.
Surface marked by low, rounded, longitudinal ridges, about four and a

lialf to five of which occur in the space of a half inch.

The fragment from wl)ich this ilescription was taken, aJid which is, so

far, the only specimen known, is somewhat compressed, so that the spaces

representing the chambers are slightly displaced and otherwise distorted,

HO that the entire cliaracter>; of the species cannot be determined. But the
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surface features of the shell nrc so distinctive and so unlike any otlicrs

from this horizon, that it cannot be readily confounded with thera.

FonnaMov and locality.—In the shal<;s of tl'.e Hudson Kiver group, at

Cincinu'iti. Collection of U. P. James, Esq.

Revised description.—Conch orthoconic, \erv slender, probably

originally circular in section or very nearly so. Rate of expan-

sion between 2 mm. and 3 mm. in a length of 60 mm. iCnown

portion of conch ranging from .24 mm. to 42 mm. in width but

probabl}- actual!}- much less, as all known specimens are some-

what flattened. The sutures show a slight lobe on the ventral

side \vhich may or may not be original. On the dorsal side they

are straight and transverse. The camerte occur three in a length

equal to the adoral width in a sliglitly flattened specimen. The
septum is gently curved, its depth of curvature about half the

depth of a .camera. Th.e siphuncle i* clearly eccentric in the

adapical half of the holotype, where it is about halfway between

the center of the shell and the venter. v\t the adoral end it ap-

pears to be more central in position. It is impossible to say

v/hcther a real change in position occurs, or whether the apparent

cjiange is the result of distortion. Th.e segments of the siphuncle

are convex but longer than broad and essentially similar in out-

line and internal structure to those of Deiroceras. At a shell

vi'idth of 25 mm. the segment is 10 mm. long and increases from

4.5 mm. to 9 mm. in diameter. Necks are conspicuous;, but short,

and with the brim .considerably less than half the neck. The de-

posits within tlie siphuncle are tyj)ical of the Actinoceroidea. A
Vi'ide central canal remains, with short nearh- straight radial

canals. The cameras of the hypotype are filled with calcite, but

no cameral deposits can ]^ made out witli certaint}'. The exterior

of the specimen is an internal mold, whicli shows faint longitudinal

ridges, sp.^,ced so that three to four ridges occupy a wiflth of 10

r:y:-fi., and four to five occur in a half inch.

Discussion.—This is a rare and little known species, formerly

confused Vvith two others, T. midtiliratum Flower (1939) with

wliicli T. tnrhi'Jitm is associated at Cincinnati, and the form de-

scribed, below as T. roijcncc. The original material of T. tur-

hidtim is from Cincinnati. The original description was based

upon a somewhat distorted specimen, and the figure which ac-

companies it can be ap])lied about equally well to the two Cin-
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cimiati species. However, the description yieUKs a clue by which,

even in the absence of the original specimen, it is possible to

identify the species. This is found in the spacing of the longi-

lucHnal markings of the shell, wliich remain nearly constant

througliout the growth stages, and which is not affected, as is

the spacing of the camerte, by flattening of the shell.

This species may be distingui.shed from T. multUirahtm by

tlie more widely spaced ridges of the surface of the shell The

siphuncle is made up of more slender segments, and the camercC

are somewhat deeper. 7". bailcyi and T. rozvencc both have more

closely spaced ridges on the shell surface. T. rowena; approaches

T. ixirbu't;r,\ ver\- closely in internal proportions, by T. baileyl

has a more eccentric and a much sm.aller siphuncle.

T'v/'r.T.— Holct}-pe.—I^jcation unknown. H}ix)type ( originally

catalogued as a topotype of this species,., L'niv. of Ci:icinnati, No.

3308.^

Occurrence.—This species is listed by practic-ill}' all of those

who have tried to present the range of t!ie Cincinnati fossils as

Fairmount. The species is known to me in the held only from

a fragm.ent consisting of tliree or four segments of an isolated

siphuncle, from the middle of the Fairmount, Mt. Airy Forest,

Cincinnati.

TroedssoiKH;ercp b:uleyi p^lowev Plate 50, figs. 3-5

Trvedsf'onocercts haHvyi I'lowor, 1939, Jonv. Pak'OJit.. vol. i:j, p. 483, pi.

oO, figs. 1, 2, 7.

Conch orthoceraconic, circular or very slightly depressed in

section. Kate of expansion very gradual, increasing from -24 mm.
to 2<S mm. in 60 mm. Sutures straight, inclined fainth' orad from

venter to dorsum. Septal cun'ature 4 mm. in depth where the

fliameter of the shell is 26 mm. Four camene occur in a length

equal to the adoral diameter of the shell throughout the known
portion. At a shell height of 24 mm. the siphuncle is 2 mm. in

(iamctcr at the foramen and j mm. from the venter. Segments

are fusiform, relatively slender as in Deiroccras. A segment 6

mm. long increases from 3 mm. to .:.5 mm. within the camera.

Radial canals diverge at ditTerent points in the length of the seg-

ments toward the vvall on different sides. Annulosiphonate de-

posits are typical of the genus.
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Surface with closely spaced longitudinal ridges, six to seven in

a width of lo mm. in the holotype. The interspaces have fine

longitudinal lirae, eight to twelve in an interspace. The middle

lira.' may be strengthened forming secondary weak ridges be-

tween the primary strong ridges.

The holotype lias a length of 146 mm. and increases from 24

mm. to 30 mm. The sectioned portion is the apical half of the

specimen.

Discussion.—No new information is available for this species.

It is included here inasmuch as it is needed for comparison with

the forms already known from the Cincinnati region, particularly

in regard to the surface markings. No exact data were available

for the stratigraphic position of the holotype ; but it is presumably

Cathys. Strangely, no similar form has been recognized in the

equivalent and closely allied Cynthiana fauna of Kentucky. There

the only Troedssonoceras is the dubious T. ( ?) obscurolineatum

which has fewer longitudinal ridges, all of which are extremely

faint on the internal molds, so faint that this species seems to

bridge the gap between Troedssonoceras and Deiroceras. T.

baileyi is probably the ancestor of T. rowena: which resembles it

externally but differs considerably in having a siphuncle more
like that of 7". fwhidnm. T. nmltiliratum, also somewhat similar,

has less closely spaced ridges, but differs mainly in the more
rounded and broader segments of the siphuncle.

Type.—Holotype. U. S. National Museum.
Occurrence.—From the Trenton of Nashville, Tennessee, prob-

ably from the Cathys limestone.

Troedssonoceras (?) obscurolineatum Flower, n. sp. Plate 47, flgs. 2, 3

Conch straight, probably originally circular in section, the

holotype .slightly compressed, clearly as a result of slight lateral

pressure. The internal mold expands from 20 mm. and 21 mm.
to 24 mm. and 22 mm. in a length of 55 mm. The sutures are

straight and tranverse, the septa shallow, 4 mm. deep at a shell

height of 24 mm., or about two-thirds the length of a camera.

The camera occur three and a half in length equal to the shell

height adapically, from a height of 20 mm. to 23 mm., and oc-



62.'> CiN-ciNNATiAK CErHALOPODs : Flower 541

cur about three and a third in a similar Icngtli at a height of 24

mm. The siphuncle Hes close to the venter. y\dapically it is 4
mm. from the venter, 13 mm. from the dorsum, and 3 mm. across

at the septal foramen. Adorally it is 4 mm. from the venter, 16

mm. from the dorsum and 4 mm. across. A segment at a shell

height of 24 mm. is 8 mm. long and increases from 4 mm. to 6

mm. in diameter. The septal neck is slightly recurved, and the

segments have no area of adnation at either end of the connect-

ing ring. Annular deposits in the siphuncle have not been ob-

served in a mature condition. Episeptal deposits and vestigial

hyposeptal deposits have been noted in the .cameras, but the mural

part of the camera is essentially free from deposits.

The surface of the shell is unknown. The surface of tlie inter-

nal miold, though poorh' preserved, retains traces of longitudinal

ridges v.-hicli are low, fairly sharp, separated by broader shallow

interspaces, live ridges occurring in a width of 10 mm. adapically.

Discussion.—The ridges of the shell wall are so very faintly

preserved that I place this species in Trocdssonoccras with doubt.

The siphuncle is txpical of Trocdssonoceras, but also of Dier-

occras, in the form, of its segments, and similar segments may even

he found in the later stages of growth of some species assigned

to Treptoccras. Tlie faint longitudinal ridges on the surface of

the type are imperfectly duplicated by molds of cameral deposits

in some related .Sactoceratidre, but the ridges are never so clear,

and the interspaces always show some trace of transverse mark-

ijig and pitting. Furtlier, the ridges lack the bilaterally sym-

metrical arrangement of organic deposits in actinoceroids, the

concentration on the venter, and further, .small areas of the sur-

face do show molds of incipient cameral deposits which are con-

fined to tlie region of the sutures and fail to extend any ap-

preciable distance along the m.ural part of the camera.

This species differs froni T. boileyi of the Cathys limestone in

the larger and more ventral siphuncle as well as in the more dis-

tant longitudinsl ridges of the shell. Comparable species from the

Cincinnati have more central siphuncles. and T. turbidiim, which

is most similar in the spacing of the ridges and in the outline of

the segments of the siphuncle, has a much less eccentric siph-

uncle and considerably deeper camerae.
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The species is evidently rare. Aside from the holotype, only

one other specimen is known to me which can be pla.ced in the

species, and this only with doubt, as it is a very poorly preserved

internal mold which upon sectioning, revealed a siphuncle sim-

ilar to that of the holotype.

r3;/'t^—Holotype, collection of Dr. W. H. Shideler, Miami

University.

Occurrence—The holotype is from the Millersburg phase of

the Cynthiana limestone between Sutherland Mill and Chapman,

near Bardstown, Ky.

Trocdssonoceras rowenfc Flower, n. sp. Plate 19, figs. 4, 7; Plate 50, fig. 6

Troedssonoceras iurbiduin Foerste (pars), 19?8, Denisou Univ. Bull.,

Sci. Lab., Jour., vol. 2-3, pp. 41-43, pi. 6, fig-. 2; pi. 23, fig. 9.

Shell faintly (!epies.sed in section, straight, expanding at about

I mm. in lo mm. The holotype increases from i8 mm. to 27 mm.
in the basal 100 mm. and to 30 mm. in the succeeding 40 mm.
suggesting a slight adoral reduction in expansion. The shell at-

tains a large size. One somewhat flattened living chamber has a

width of 69 mm., and must have had, when undistorted, a di-

ameter of at least 50 mm.
The sutu)'es are straight and transverse. The camera vary

markedl}' m deptli among individuals, but in general are rather

deep adapically cind become shallower at a shell diameter of from

28 ram. to 32 mm. The deepest camera^ occur tv/o and a half in

a length equnl to the adoral diameter of the shell. These range

from 20 mm. to 2.4 mm. The adoral end of the holotype shows

four camer^e in a length equal to a diameter of 28 mm., while a

larger fragment shov.'s six cameras in a length equal to the adoral

width of 33 mm , though this shell is incomplete and it is not

certain that the width has not been increased by slight flattening.

It may, on the other hand, represent an approach to geronticism.

The siphuncle is eccentric. In one section, its center lies 9
mm. from the venter and 14 mm., from the dorsum. Here the

segment is 10 mm. long, and exjjands from 5 mm. to 8 mm. In

k.ter stages the siplnnicle segments become not only shorter, but

apparently narrower. In the adoral end of the holotype, in a

section which does not quite attain the center of the siphuncle,
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at a shell diameter of 28 mm., the segment is 7 mm. long, and

expands from 4 mm. to 6 mm.
The deposits within the siphuncle are typical of the genus.

Episeptal and hyposeptal deposits are found in the camera;.

The surface of the shell bears numerous longitudinal ridges,

which appear angular but are actually narrow rounded ridges

separated by somewhat broader concave interspaces. The ridges

are spaced five in 5 mm. at a shell width of 20 mm., but four in

that width at a diameter of 30 mm., and they become apparently

still more widely spaced in fragments from points farther orad.

One portion of the holotype shows longitudinal lir?e and strise on

the surface. At least five lirae occur between the crests of two

adjacent ridges, but they are very faint, and more may be present.

Discussion.—This species agrees with T. baileyi of the Cathys

limestone in being relatively rapidly expanding and in having

numerous rather .closely spaced ridges on the surface of the shell.

It differs from that species in that the siphuncle is less eccentric,

and also in the widening of the surface ridges in late growtli

stages. The adoral reduction of the siphuncle and the closer

spacing of the cameras are not known in T. baileyi, but a com-

parable adoral part of that species is not known.

From T. turbidum the species may be differentiated by the

more rapid expansion and the more numerous longitudinal ridges

of the shell. Although the adoral ridges of T. rowena approach

the condition of the two Cincinnati species, botli clearly attain

widely spaced ridges at a much earlier growth stage. The early

portions of T. rowence suggest, in section, T. turbidum, but may
be distinguished by the more rapid expansion of the shell. The

broad round and subspherical siphuncular segments of T. mid-

tiliratum are unknown in this species, though adorally the camerae

of T. rowence approach the proportion attained at an earlier stage

in T. tnultiliratiim, and one which is continued to the latest

known growth stage.

Types.—Holotype and paratypes, Univ. of Cincinnati Museum,
Nos. 24465-24469.

Tro«d8sonoceraK multiliratum Flower Plate 49, figs. 1-3

Troedssonoceras turbidum Foerste, 1928, (pars), Denison Univ. Bull.,
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Sei. Lab., Jour., vol. 23, pp. 41-3.

Troedssonoccras mnJtUiratum Flower, 19:j9, .Tour. Pal., vol. 13, p. 483,

pi. .50, figs. 5, 6.

Coach straight, very slender, usually flattened, but probably

originally circular or only very slightly tlepressetl in section.

Ivate of expansion, \'<try gradual. Our lon;.(est specimen, which is

considerably flattened (Univ. of Cincinnati, No. 22048,) increases

in a length of 90 mm. from 34 mm. to 40 mm. Sutures essential-

ly straight and transverse. Four and a half to live camene occur

in a length equal to the width of the shell. The septum is curved

4 mm. deep at a width oi 30 mm., so that in section the curvature

of the septum is about equal to the depth of a camera. The si-

phuncle is subcentral in the later growth stages, but may be ec-

centric in the \oung, as suggested by the holotype. The segments

are broader and shorter than those of T. t-urbidiDit, resembling

Ormoccras more than Deiroccras. At a shell Vvidth tu' },o mm., a

segment of the siphuncle is 6 mm. long and ex()ands from h rnrii.

to 8 mm. within the camera. Annulosiphonate deposits are tvpi-

cal of the actinoceroids but have not been observed in advanced

.stages of development.

The internal mold shows on the surface suban-^ular longitudi-

nal ridges Vvdth broader concave interspaces. No surface mark-

ings are shown on our specimens. Foerste (1928) among a ser-

ies of specimens most or all of which apply to this species, which

he considered at T. turbiJuin. described longitudinal surface

markings on the surface of the shell. He reports faint alternating

ribs and very fine alternating stria? and line, 9 to 11 in a v/idth of

I mm.
Discussion.—This species is differentiated from 7". iurlndum

by the broader segments of the siphuncle, shorter camera.% and

more numerous longitudinal ridges or corrugations of the shell

surface. Three specimens of this form are among our material.

The holotype is of uncertain horizon and locality ami was labeled

"Maysville, Cincinnati." Of the two remaining specimens, one

is from the Mount Hope of Rice Street, Cincinnati, and the other

was collected by the writer from a layer about a foot above the

Mount Hope graptolite bed, which lies some distance below the

Strophomena bed which marks the base of tlie Fairmount. This

specimen h from Stone Lick Creek.
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Types.—Holotype, Univ. of Cincinnati, No. 22456. Hypotype,

No. 22648.

Occurrence.—Mount Hope beds, from Cincinnati, at Rice

Street and Stone Lick Creek. An isolated siphuncle indicates

the presence of this species in the Fairmount of Cincinnati. The
specimen described below suggests that the species may persist

into the Bellevue.

Trocdssonoceras cf. multiliratum Flower Plate 50, figs. 1, 2

Under this name is described one specimen represented only by

an external mold. This represents a portion of a shell 140 mm.
long expanding from a width of 37 mm. to one of 52 mm., and is

possibly somewhat widened as the result of distortion. No fea-

tures of the phragmocone are preserved. However, the surface

is preserved, showing line details with unusual clarity in some

regions.

The ridges are fairly closely spaced, four occurring in a width

of 10 mm. near the base of the specimen. Adorally where the

surface is clearest, four ridges occupy a width of 14 mm., but be-

tween them secondary narrower and slightly weaker ridges have

developed. This part of the shell evidently represents gerontic

ornamentation. The entire surface of the shell, the surface of the

ridges as well as the interspaces, is marked with line closely

spaced longitudinal lirae and striae. Near the adoral end of the

shell rather obscure lines of growth are also evident.

Discussion.—This specimen shows adapically the type of spac-

ing of the ridges characteristic of T. multiliratum, known formerly

only from internal molds representing parts of phragmocones. The
features in which it differs from T. multiliratum are probably not

significant. Unfortunately no specimens which have been placed

in T. multiliratum can be compared closely because they fail to

show a late growth stage of the shell, and also because they are

internal molds which fail to preserve the fine longitudinal lirae

of the surface. This specimen fails also to show the proportions

of the camerse and of the siphuncle, by which T. multiliratum can

be separated very readily from other species of Troedssonoceras,

for in this species alone the segments of the siphuncle are short,

-broad and rounded.
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As in the present state of our knowledge this specimen may

represent only a part of the shell and a phase of preservation of

T. niiiltiUratum not previousl}- observed, I have referred it to

that species tentatively. However, laitil other and more complete

specimens are found in the same horizon, which are more com-

parable to typical T. ruidtUiratum, the spcciiic identity of this form

must remain in doubt.

Type.—Holotype, Univ. of Cincinnati Museum, No. 2.4463.

Occurrence.—Bellevue strata, English Homes, Western Boule-

vard, Cincinnati. Collected by Dr. K. li. Caster.
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Explanation of Plate 1(3)

(AniiuJated Orthoceracones)

Figure Page

1. Gorbyoceras dancans Flower, n. sp. 156
Paratype, transverse longitudinal section; Xl. Lower

Whitewater, Liltle Four Mile Creek, Oxford quad., Oiiio.

Shideler Coll.

2,3. Gorbyoceras hammelli (Foerste) _. 151

Ilypotypes. 2. A'^ertical section ; X 1. Saluda beds-, probably
Hit 2 layer, Madison, Ind. Univ. of Cincinnati, No. 2416ti.

ii. Early stage; X2. Ilitz la.yer, Madi^Jon, Ind. Univ. of
Cincinnati, No. 24164.

4,5. Gorbyoceras, sp. aff. calvini (Foerste) 158
4. Exterior; X 1. 5. Enlargement showing division of pri-

mary longitudinal lira;. Univ. of Cincinnati, No. 24090.
Lower Wliitewater horizon, McDill's Mills, Oxford quad.,

Ohio. Shideler Coll.

6. Gorbyoceras duncanse Flower, n. sp 156
I'aratype, Univ. of Cincinnati, No. 24087. Vertical section;

dorsum incomplete. Lower "Wliitewater horizen or pos-

sibly upper Liberty, railroad cuts, Weisburg, Ind.

7. Gorbyoceras crossi Flower, n. sp 149
Section of adapical portion of holotyye; Xl. Univ. of Cin-

cinnati, No. 23084. Saluda beds, Versailles, Ind.

8. Gorbyoceras simile Flower, n. sp. _ 160
Holotype; Xl. Lower Whltewa'Cr beds, Little Four Mile

Creek, Oxford quad., Ohio. Shideler Coll.

9. Gorbyoceras hammelli (Foerste) 151
Hypotype; XL Shideler Coll. Saluda beds. Big Sains Creek.

Laurel, Ind.

10. Anaspyroceras williamsae Flower, n. sp. . ... 141
Paratype, Shideler Coll. Lov/er Whitewater horizon, Liitle
Four Mile Creek, Oxford quad., Ohio.
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Explanation of Plate 2(4)

(_Aiinulatect Urthoceracones)
Figure Page

1, 9, 10. Gorbyoceras grorbyi (Miller) 145
Hypotype, Sliideler Coll., basal Whitewater horizon, Little

Four Mile Creek, Oxford, Ohio; XL Section frgm apical
end of specimen. 9. Lf.teral vieM'. 10. Conp.-ive side of
same specimen.

2,3. "Spyroceras" bilineatum-frankfortense Foerste 137
Holotype. 2. Enlarged. .3. Natuial size. Beds of Curds-

ville age, Crow distillery, south of Frankfort, Ky. (After
Foerste.)

4. Gorbyoceras crossi Flower, n. sp 149
Paratyjje, Shideler Coll. Portion of surface from near

aperture of specimen shown on PI. 3, fig. 6. Gerontic
ornament.

5. Gorbyoceras hammelli (Foerste) 151
Siphuucle, early stage; XL Shideler Coll. Saluda beds, Mad-

ir.on, Ind.

6. "Spyroceras," sp. 139
Only specimen known from the Fulton. From Twelve Mile

Creek, Cincinnati. Univ. of Cincinnati, No. 2.']907.

7. Gorbj-oceras crossi Flower, n. sp. 149
Holotype; xL Same specimen as PI. 1, fig. 7. Saluda,

Versailles, Ind. Univ. of Cincinnati, No. 2408.3.

8. Anaspyroceras v/illiamsae Flower, n. sp. 141
Holotype; Xl; ventral (?) aspect. Lower Whitewater

beds. Flat Fork Creek, Univ. of Cincinnati, No. 24089.
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Explanation of Plate 3(5)

(Annulated Orthoceracoues)

Figure Page

1. Gorbyoceras hammelli (Foerste) _ — 151

Hypotype, Univ. of Cincinnati, No. 24166. Surface mark-

ings, X2, showing exceptional ilevelopment of transverse

markings and surface irregularities. Same specimen as

PL 1, fig. 2.

2,3. Anaspyroceras williamsas Flower, n. sp. 141

Holotype, Univ. of Cincinnati, No. 24089. Lower Wliite-

water, Flat Fork Creek. 2. Enlargement of one interspace

showing ornament. 3. Lateral aspect, natural size.

4. Gorbyoceras hammelli (Foerste) 151

Hypotype, Univ. of Cincinnati, No. 24165, Saluda of Ca-

naan, Ind. ; showing typical ornament of a relatively

large shell; X2.

5. Gorbyoceras crossi Flower, n. sp. — - 149

Paratype, Shideler Coll., Hitz layer, Saluda, Madison,

Ind.

6. Gorbyoceras crossi Flower, n. sp. - — 149

Largest specimen observed, a living chamber with a faint

adoral contraction. Slightly reduced. Shideler Coll.

Saluda beds, 3 miles west of Cross Plains, Ind.
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Explanation op Plate 4(6)

(Annulated OrtliocoracoueH
)

Figure Page

1,2,5. Gorbyoceras hammelli (Foerste) - -- 151

1. Eiilaij^emcnt of snuill siiell showing normal ornament;

XL!. Hypotype, Univ. of Cincinnati. 2. Late stage of

shell; Xl. Hypotype, Univ. of CLncinnati, No. 24165.

5. Hypotype, enlarged XiVt'., shov,'ing unusual promin-

cuee of tJiuisverse markings. Saluda beds, Canaan, Ind.

3. Gorbyoceras gorbyi (Miller) - 145

Earliest stage known which can be placed in the species.

Univ. of Cincinnati, No. 24207. Saluda betls, Wcisburg,

Ind.

4. Gorbyoceras crossi Flower — -. -- 149

Distorted specimen showing unusually clear surface. Para-

type. Shideler Coll. Dodge's Creek. Oxford, Ohio.

e,7. Gorbyoceras yorbyi (Miller) 145

Hypotype. 6. Dorsal view. 7. Lateral view. Shideler

Coll., Saluda beds, Ind.

8-11. Anaspyroceras cumberlandense Flower, n. sp. 140

8. Holotype, Univ. of Cincinnati, adoral part, sectioned;

X2. 9. Same; Xl. 10. Same specimen, complete, before

sectioning. Univ. of Cincinnati, No. 24205. 11. Paratype.

Univ. of Cincinnati, No. 24205; Xl. Tetradiuin reef,

Leipers formation, Cumberland Elver at Koweua, Ky.

12. Gorbyocera.s duncanae Flower, n. sp. - 156

Ilokitype; Xl. Univ. of Cincinnati, No. 24086. Lower
Whitewater, McDill V, Mills, Oxford, Oliio.
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Explanation of Plate 5(7)

(Annnlnteil Ortlioccraconcs ; Mixoclioanites)

Figure

1. Schuchertoceras distinctum Flower, n. sp. — 200

Iiolotyi.'O, Slntk'lcr Coil., lator;!l :is])ect; XL Saluda beds,

near Oxt'oid, Oiiii.).

2,3. Gorbyoceras curvatum Flower, n. sp. 159

Holotype: 2. Lateral aspect; Xl. 3. Vertical section from
base of type, enlarged. Univ. of Cincinnati, No. 24088.

Fort Ancient member, Wayiiesville, near Clarkesville,

Ohio.

4,9. Gorbyoceras hammelli (Foerste) 151

4. Most complete mature portion known; XL Univ. of

Cincinnati. Salutla beds, Canaan, Ind. 9. Original fig-

ure of liolotype (aft«r Foerste) Hitz layer, Hanover, Ind.

1

-

5. "Spyroccras" mcfarlani Foerste 138
I'erryville formation, south of Fr.niiki'ort, Ky. Holotype,

U. S. National Museum, No. 8711.l. (After Foerste.)

G-8. Ecdyceras foerstei Flower, n. sp. - ._ 190
Holotype, Shirielei- Coll. 6. Ventral view. 7. Lateral view.

S. Dovsnl view. Anilieim formation, Lebanon, Ky.
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Explanation of Plate G ( 8 )

(Mixochounitcs)

Figure Page

1-3. Schuchertoceras discii-ctum var. rainor Flower, n. var. -- 205

Holotypc; Xl, Shidcler Col). 1. Vertical section, dorsum on

left. 2. Exterior, doistim on left. :i. Dorsal view. Lower
Whitewater horizon. Little Four Mile Creek, near Ox-

ford, Ohio.

4, 5. Schijchertoceras obscHrum Flower, n. sp. . 202

I-Iolotype, Shideler Coll.; Xl. 4. Lateral aspect, dorsum on

right. 5. Ventral aspect. Bvj fork of Elk Creek, Jack-

sonburg, Oliio. In the lower part of the Blanchester di-

vision of the Waynesville.

6. Frobillingsites lebanonensis Flower, n. sp. 103

Dorsal aspect of the largei- of t!te two specimens; referred

to this species with doubt. Arnheim, from Lebanon, Ky.

7,8. ProbilHngsitos oxfon-densis Flower, n. sp. - 196

Holotype, Shideler Coll.; Xl. 6. Lateral aspect, dorsum at

left. 7. Dorsal aspect. Lo\ver Whitevrater horizon, Little

Four Mile Creek, near Oxford, Ohio.

9. Schuchertoceras cf. prolongalum (Foerste) . 207

Univ. of Cincinnati, No. 24209. Lateral aspect; Xl. Shera
farm, near Oxford, Oliio, Salnda beds.

10, 11. Schuchertoceras prolonpatum (Foerste) _ -. 207

Holotype, Shideler Coll. 10. Lateral aspect, dorsum on left.

11. Dorsal asj^ect. Upper Elkhorn, near Hamburg, Ind.
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Explanation of Plate 7(9)

(Mixochoaiiites)

Figure Pago

1,2. Schuchertoceras rotundum Flower, n. sp. 210

Holotype; XL 1. Dorsal aspect. 2. Lateral aspoct, ven-

ter on rip.}it. Shideler Coll. Upper Whitewater, McDill's
Mills, Little Four Mile Cieek, Oxford quad., Oldo.

3,4. Schuchertoceras senicul!^<;im Flower, n. sp. 209

Holotype, Sliideler Coll.; XL 3. Ventral aspect. 4. Lateral
aspect, dorsum on left. Up])er Wliitev/ater horizon, Beas-
ley Creek, near Cannlen, Ohio.

.5-7. Probillingsites Gxfordens:.s Flower, n. sp. . 196

Paratype, Shideler Coll.; XL 5. Ventral view. 6. Later.al

view, dorsum on left. 7. Dorsal viev;. Blnnchester mem-
ber of V/aynesvillc, Stony Hollow, Clavkesvillc, Oliio.

8,9. Probillingsites faberi Flower, n. sp. 197

Holotype, Univ. of Cincinnati, No. 24208. 8. Lateral aspect,

venter on loft. 9. Dorsal .aspect. Lower Whitewater
horizon, Little Four Mile Creek, ner.r Oxford, Ohio.

10,11. Schuchertoceras discrcttim (Foerstol .. 204
Holotype, Shideler Coll.; Xl, 10. Lateral view, dorsum on

left. 11. Dorsal aspect. Lower Whitewater horizon. Lit-

tle Four Mile Creek, near Oxford, Ohio.

12-14. Probillingsites lebanonearais Flower, n. sp. _ 193
Holotype; Xl, Shideler Coll. 12. Ventral view. 1?>. Lateral

aspect, dorsum on left. 14. Dorsal a,spect. Avnheim for-

mation, near Lebanon, Ky.
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Explanation of Plate 8 ( 10 )

(Covington Cyrtoconic Cephalopods)

I'igiire Page

1. Faberoceras multicinctum Flower, n. sp. 468

Holotypc, vertical section; Xl. Univ. of Cincinnati, No.

24210. Leipeis formation, Cumberland Eiver near Belk

I., Ky. Shows ontogenetic change in form of siphuncle

segments, also traces of emlocones at base of section.

2. Fabcroccras feaiTorcii 459

Paratype, ventral aspect; Xl. Shiileler Coll. Cathys lime-

stone, Svillian:sport, Tenn. See PI. 17, fig. 15. for ventral

view.

3. Dfiitoccva.s crater Flower, n. sp. 421

Section of siphuncle, ground from ventral side, about X2j
Holotype, Univ. Cincinnati, No. 24225. Leipers forma-

tien, i\owena, Ky.

4. Fat)eroccras jiercostatum Flower, n. sp. 463

Vertical section from l)ase of holotype, Univ. of Cincinnati,

No. 24214 ; X 1. Leipers formation, Kowena, Ky.

5. Faberoceras saffordJ Focrste, n. sp. . 459

Paratype, vertical section; Xl, U. S. National Museum.
Catiiys limestone, east of Franklin, Tenn.
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Explanation of Platk 9 ( 11 )

(Covington Cyrtoconic Ccplialopods)

Figure Pag«

1. VVcstonoceras ventricosum (Miller) 441

Paratype, Univ. of Cincinnati, No. 105. AJapical view of

septum. Soiithgate member, Eden; Columbia Ave., Cin-

cinnati. (See PI. 14.)

2. Faberoccras multicinctuin Flower, n. sp. . - 468

Piiratype; Xl, Univ. of Cincinnati, No. 24211. Leipers

foimation, Ciuniicubind Eivcr, near head of Belk I., Ky.

3-5. Vaupclia russelH Flower, n. sp. _ — 480

Ilolotype, No. 24226, Univ. of Cincinnati. 3. Ventral view.

4. Latei'al view. 5. Dorsal view. Fairmount beds, Bald

I'^nob, Cincinnati, Ohio.

G, 7. Vaupelia seiberti Flower, n. sp. 482

IIoLjtype, Univ. of Cincinnati, No. 24227. 6. Ventral view.

7. Lateral viev/. Mount Hope beds, Eapid .Run, Cin-

cinnati, Ohio.

8. Dicstoceras bettinae Flower, n. sp. 414

lio!i>ty[ie, Univ. of Cincinnati, No. 24230. Fairmount beds,

Cincinnati, Ohio.
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Explanation of Plate 10 ( 12 )

(Leipers Cyrtocones)

Figure Page

1,2. Danoceras crater Flower, n. sp. . 421

Holotype, Univ. of Cincinnati, No. 24225. 1. Lateral as-

pect, venter on left. 2. Ventral aspect. Siphuncle

sliowu on PI. 8. Leipers formation, Rowena, Ky.

3,4. Oncoceras foerstei Flower, n. sp. — 253

Holotype, Univ. of Cincinnati, No. 24229. o. Lateral view,

venter on left. 4. Dorsal view. Leipers formation,

Rowena, Ky.

5, G. Faberoceras transversum Flower, n. sp 467

Holotyjie, Univ. of Cincinnati, No. 24219. 5. Lateral view.

6. Ventral view. Leipers formation, Rowena, Ky.
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Explanation of Plate 11 ( 13 )

(Wostoaocerali<ia' ami Oncocoralidte)

Figure Page

1,2. Oncoccras bassleri Flower, n. S;p. .^ . - 250

Paratype, Sliiiicler Coll. 1. Lateral view. 2. Ventral view.

Leipers formation, Cumberland River, near head of Belk

I., Ky.

3. Faberocfra« percostatum Flower, n. sp. - -.-. -— - 463

Paratype; 1. Univ. of Cincinnati, No. 24215. Leipers for-

mation, Rowcna, Ky. (See Pis. 8, 13, 14.)

4,5. Fabcroceraa ooceriforme Flower, n. sp. 458

Holotype, Shideler Coll. Cynthiana limestone, Cynthiana,

Ky. 4. Vertical section; Xl. ">• Lateral view of exter-

ior, slightly less than XL
6. Faberoceras shideleri Foerste and Flower, n. sp. 553

Holotype, lateral aspect, Shideler Coll. Leipers forma-

tion, Cumberland Eiver, opposite head of Belk I., Ky.
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Explanation of Plate 12 ( 14 )

(Faberoceras)

Figure Page

1,4. Faberoceras elegans Flower, n. sp _ - 472

Holotype, Univ. of Giuciniiati, No. 22860. 1. Vertical sec-

tion, slightly greater tlian XL 4. Exterior, lateral as-

jject; Xl. Corryville beds, Cincinnati, Ohio.

2. Faberoceras safifordi — - 459

Paraytpe, vertical section (see PI. 8, fig. 5) of siplmncle,

about X2.2. Cathys formation, east of Franklin, Tenn.

3. Faberoceras multicinctum Flower, n. sp. 468

Paratype, Shideler Coll. Leipers formation, Cumberland
River, 2 miles aliove Wolf Creek, Ky.
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Explanation of Plate 13 ( 15 )

(Faberoceras Oonoceras)

Figure Page

1. Oonoceras cHrviseptatiim Flower, n. sp. 305

Holotype, Univ. of Cincinnati, No. 23972. Cynthiana lime-

stone, probably from Oliio lliver near Cincinnati.

2. Faberoceras percostatum Flower, n. sp. - 463

Holotype, Univ. of Cincinnati, No. 24214. Ventral aspect;

Xl. Leipers formation, Eowena, Ky. (Sec PI. 14, fig. 6.)

3. Faberoceras magister (Miller) _ „ 461

Holotype, lateral aspect, Xl, Univ. of Cincinnati, No. 300.

Southga.te, Eden, from Columbia Ave., Cincinnati, Ohio.

4,5. Faberoceras sonnenbergi Flower, n. sp. _ 465

4. Ventral vievtf. 5. Lateral aspect. Paratype. Cynthiana
limestone, Cynthiana, Ky.
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Explanation of Plate 14 ( 16 )

(Covington Cyitocones)

Figure Page

1,2. Danoceras cynthianense Flower, n. sp. - _. 420

Holotype, Shideler Coll. 1. Lateral view. 2. Ventral view.

Cynthiana limestone, Cyntliiana, Ky.

3,4. Westonoceras ventricosum (Miller) 441

3. Ventral aspect of a cnisiied paratype, Univ. of Cincin-

nati, No. 105. Southgate, Eden, Columbia Ave. 4. Ver-
tical section of same specimen, Xl^i^.

5. Faberoceras magister (Miller) 361
Siphuncle, from holotype, Univ. of Cincinnati, No. 30U.

From opposite side of specimen shown in PI. 13, fig. 3.

6-8. Kindleoceras kentuckiense Flower, n. sp . 364
Holotype, Univ. of Cincinnati, No. 24077. 6. Adapical

view. 7. Ventral view. 8. Lateral view, venter on right.

Cj'nthiana limestone. Cynthiana, Ky.

9. Faberoceras percostatum Flower, n. sp. 463
Holotype, lateral aspect. Univ. of Cincinnati, No. 24214.

Leipers formation. Eowcna, Ky. (Sec Pis. 8, 11, 13.).
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Explanation of Plate 15 ( 17 )

(Cynthiana and Covington Cyrtocoues)

Figure Page

1,2. Oncoceras arlandi Flower .. . 252

Holotype, Univ. of Cincinnati, No. 24228. 1. Lateral aspect,

venter on right. 2. Dorsal aspect. Leipers formation.

Cumberland River at Eowena, Ky.

3,4. Faberoceras sonnenhergi Flower, n. sp. 455

Holotype, Univ. of Cincinnati, No. 23909. 3. Lateral aspect.

4. Dorsal aspect. Cynthiana limestone, Cynthiana, Ky.

5,6. Diestoceras (?) edenense Flower, n. sp. _. 413

Holotype, Univ. of Ciiieiiinati, No. 22700. 5. Lateral

aspect. 6. Ventral ( ?) aspect. Soutligate formation,
Eden, Hillside Ave. Flats, Cincinnati, Ohio.

7,8. Faberoceras saffordi Flower, n. sp. 459
Paratype, Shideler Coll. 7. Lateral aspect. 8. Ventral as-

pect. Cynthiana limestone, Cynthiana, Ky. (See Pis. 8,

17.)
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Explanation of Plate 16 ( 18 )

(CynthiiiDa and Covington Cyrtocones)

Figure Page

1. Faberoceras shidcleri Foerste, n. sp. 471

Paratype, iShideler Coll., vertical section. Leipers forma-
tion, Cumberland Eiver, near Eowena, Ky.

2. Oncoceras foerstei Flower, n. sp. - - 253

Vertical section, Xl, of phragmocone of holotype, showing
three segments of the siphuucle. The phragmocone is

crushed dorsally and encrusted with alga3. Univ. of Cin-

cinnati, No. 124229. Leipers formation, Cumberland Eiver
at Rowena, Ky.

3. Vaupelia seiberti Flower, n. sp. - 482
Vertical section of holotype, venter on right. Univ. of

Cincinnati, No. L'4227. Mount Hope beds. Rapid Run,
Cincinnati, Ohio.

4-6. Reedsoceras mcfarlani Flower, n. sp. 489
Holotype. 4. Latejal aspect. 5. Ventral aspect. 6. Dorsal

aspect. Univ. of Cincinnati, No. 2u911. Cynthiana lime-

stone, probably from the Ohio Eiver near Cincinnati.

7. Faberoceras sonnenbergi Flower, n. sp. 455
Enlargement, X^''/^,, of oblique section through siphuncle

of paratype, Univ. of Cincinnati, No. 23908, showing an-
nular phase of deposits witliin siphuncle. Cynthiana lime-

stone, Cynthiana, Ky.
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Explanation of Plate 17 ( 19 )

(Bickniorites and Covington Cyrtoceracones)

Figure ^^S^

I. Faberoceras, sp. — - - - ^^^

Isolated siphuncle showing marked development of endo-

cones, X2i^. Univ. of Cincinnati, No. 24220. Leipers

formation, Jiowena, Ky.

2,3. Rickmcrites rarum Flower, n. sp. 501

Holotype. 2. Lateral aspect. 3. Ventral aspect, Xl.

Sliideler Coll. Lower Whitewater beds, Little Four Mile

Creek, Oxford, Ohio.

4-G. Oncoceras bassleri Flower, n. sp. ^--- 250

P.iratypo. 4. Dorsal view. 5. Lateral view. 6. Septal

view. Univ. of Cincinnati, No. 24279. Leipers forma-

tion, Cumberland River at Rowena, Ky.

7,9,12. Oncoceras ('!), sp. _ - - -- - • 255

Only known specimen. 7. Septal view. 9. Lateral view. 12.

Ventral view. Univ. of Cincinnati, No. 24280. Leipers

formation, Cimiberland River at Rowena, Ky.

8,10. Oncoceras bassleri Flower . _ . -- — 250

8. Septal view of paratype, see PI. 11, figs. 1-2. Shideler

Coll. Leipers formation, Belk I., Cumberland River, near

Rowena, Ky. 10. Holotype, lateral aspect. Univ. of Cin-

cinnati, No. 24474. Leipers formation, Cumberland River,

Painted Cliffs, near Horseshoe Bottom and Belk I., Ky.

II. Beloitoceras faberi (Miller) 255

Lateral aspect, liypotype, Univ. of Cincinnati, No. 20805.

Maysville beds, Maysville, Ky.

13,14. Westonoceras, sp. 446

lo. Lateral view. 14. Ventral view. U. S. Nat. Mus., No.
48849. Southgate beds. Crawfish Run, Cincinnati. (After
Foerste.)

15. Faberoceras saffordi Flower, n. sp. .._. 459
Holotype, lateral aspect. Shideler Coll. Same specimen as

PI. 8, fig. 2.

1(). Danoceras bulbosum Flower, n. sp. _ 422
Lateral aspect. Univ. of Cincinnati, No. 24323. Leipers

formation. Painted Cliffs, near Horseshoe Bottom on the
Cumberland River, Ky.
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Explanation of Plate IS ( 20 )

(Augustoceras)

Figure Page

1-10. Augustoceras sliideleri Flower, n. sp - — - 350

1. Paratype, lateral aspect (see also PI. 19, fig. 14), Univ.

of Cincinnati, No. 24291. 2. Dorsal aspect. 3. Lateral

aspect. 4. Ventral aspecl. Holotype, Univ. of Cincin-

nati, No. 24290. 5. Septum, from lower fourth of figs. 7-9.

6. Septum, from aJoral eml of same s{)ecimen. 7. Dorsal

view. 8. Lateral view. 9. Ventral view. Paratype,

Univ. of Cincinnati, No. 24292. Leipers formation, Row-
ena, Ky. 10. Paratype, thin section, vertical, through
center of siphuncle showing actiuosiphonate deposits.

Univ. of Cineinnati. X6.

11-13. Augustoceras commune Flower, n. sp. -^ . . 353

Holotype, Shideler Coll. 11. Dorsal view. 12. Lateral view.

13. Ventral view. Leipers formation, Cumberland River,

from exposures on the south side of the river near Belk I.
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Explanation of Plate 19 ( 21
)

(Augustoeeras)

Figure Pa^e

1-4. Augustoeeras commune Flower, n. sp. . 353

1. Ventral view. 2. Lateral view. Paratype. Univ. of

Cincinnati, No. 24284. 8. Paratype, lateral aspect of a
portion of a phragmocone retaining portions of the sur-

face of the shell, Univ. Cincinnati, No. 24285. 4. Para-

type, lateral aspect of a typical specimen retaining the

basal ijart of the living chamber, Univ. Cincinnati, No.
24283. All are from the Leipers formation, Rowena, Ky.

5-6. Aagusloceras minor P'lower, n. sp. , - - - 354

Holotype, a nearly complete but badly weathered individual.

5. Lateral aspect. 6. Ventral aspect. Univ. of Cincin-

nati, No. 24287. Leipers formation, Rowena, Ky.

7-9. Rizoceras beilulum Flower, n. sp. , - - . . - - 821

7. Holotype, lateral aspect, venter on left, Shideler Coll. 8.

Paratype, dorsal aspect, Univ. of Cincinnati, No. 24330,

9. Paratype, Shideler Coll., dorsal aspect. Lower White-
water beds. Dodge 's Creek, near Oxford, Ohio.

10. Augustoeeras shideleri Flower, n. sp. 350

Vertical section through phragmocone. Paratype, Univ. of
Cincinnati. Leipers formation, Rowena Ky. About X3.
(See also PI. 20, fig. 6.)

11-13. Augustoeeras medium Flower, n. sp. — 352

Holotype. 11. Dorsal aspect. 12. Ventral aspect. 13.

Lateral aspect. Univ. of Cincinnati, No. 24284. The
middle of the phragmocone has been slightly restored.

Leipers formation, Rowena, Ky.

14. Augustoeeras shideleri Flower, n. sp. 350
Paratype, lateral aspect, Univ. of Cincinnati, No. 24291.

Leipers formation, Rowena, Ky.
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Explanation of Plate 20 ( 22
)

(Thin Sections of Siphiincles)

Figure Page

1-7. Aiigusiocoras shideleri Flower, n. sp. - 350

1-4. Selected cross sections. 1. Typical cross section. 2. Section

showing differentiation of layers in tlie deposit. 3. Section tak-

en close to the septal foramen, slightly oblique so that the lower
side of the picture shows the section passing obliquely into

the expanded part of ihe segment. 4. A section taken through
the adoral part of the phragmocone in which the siphuncle is

surrounded with and filled by matrix. This section shows an
unusually irregular development of the rays. About Xl4.

5. Longitudinal section showing the increase in prominence of the

actinosiplionate deposits when traced orad. The section cuts

all rays obliquely. AboutXl2.
6. Section passing close to the center of the siphuncle adorally, but

near the edge adapically ; X 6.

7. Longitudinal section passing nearly straight through the center
of the siphuncle and cutting the rays on both the dorsum and
\'euter throughout; Xl2.

All sections are from the Leipers of Rowena, Ky. and are

dei)osited in the University of Cincinnati Museum.
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Explanation of Plate 21 ( 23 )

(Mnuitoulinoceras)

Figrure Page

1-3. Manitoulinoceras moderatum Flower, n. sp. _.. 380

Paratype, Shideler Coll. early portion of phragmocone. 1.

Dorsal view. 2. Lateral view. 8. Ventral view. Saluda
beds, Dodge's Creek, Oxford, Ohio.

4, 5, 10. 'Manitoulinoceras erraticum Flower, n. sp. . - - 383

Holotype, Sliideler Coll. 4. Lateral view, dorsum on left. 5.

Dorsal view. 10. Ventral view. Upper Whitewater beds.

Dodge's Creek, Oxford, Ohio.

G-8. Manitounnoceras ultimum Flower, n. sp. . „ 386

Holotype, Shideler Coll. 6. Lateral view. 7. Dorsal view.

8. Ventral view. Elkhorn formation, two miles west of

Hamburg, Ind.

9,15. Manitoulinoceras jnodtratum Flower, n. cp. 380
9. Section, ground from venter, of a distorted specimen re-

ferred to the species witli doubt. Elkhorn beds, creek
south of College Corners. Shideler Coll. 15. Section
ground from venter of holotype; X2. See PI. 22.

11. Manitoulinoceras tenuiseptum (Faber) 376
Cross section from middle of paratype, PI. 22, figs. 9-11.

Waynesville beds, Clarkesville, Ohio.

12-14. Maniioulinoceras gyroforme Flower, n. sp. .._ 382
Holotype, Shideler Coll. 12. Ventral view. 13. Lateral

view. 14, Dorsal view. Saluda beds, small tributary of
Indian Creek, near Oxford, Ohio.
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Explanation or Plate 2l' ( 24
)

(Manitoiilinoceras)

Figure Page

1,2. Manitoulinoceras tenuiseptum (Faber) .. o7G

Syiitype, Univ. Cincinnati Museum, No. 103. 1. Ventral

aspect. 2. Lateinl as})ect. Waynesville beds, Waynes-
ville, Ohio.

3-5. Manitoulinoceras erraticum Flower, n. sp. ^ 383

Paratype, Shideler Coll. ."i. Dorsal view. 4. Lateral view.

5. Ventral view. Upper Whitewater beds, McDill 's Mills,

near Oxford, Ohio.

6-8. Manitoulinoceras trigonale Flower, n. sp. . 379

Holotype, Shideler Coll. 6. Dorsal view. 7. Lateral view.

S. Ventral view. Lower Whitewater beds, Little Four
Mile Creek, near Oxford, Oliio.

9-11. Manitoulinoceras tcnuisejitum (Faber) . 376

Hypotype, Shideler Coll. 9. Ventral view. 10. Lateral
view. 11. Jorsal view. Trilobite shales of Waynesville,
Sewall 's Run, Clarkesville, Ohio.

12,14. Manitoulinoceras moderatum Flower, n. sp. 380
Holotype, Shideler Coll. 12. Lateral view. V.'. Ventral

view. Middle Whitewjiter, east slope of Four Mile Valley,

ravine opposite mouth of Lil Brook, near Oxford, Ohio.
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Explanation of Plate 23 ( 25 )

( Manitoulinoceras)

Figure Page

1-6. Manitoulinoceras williamsa; Flower, n. sp . - o73

1. Left view. 2. Ventral view. 3. Right view. 4. Dorsal
view. Paratype, slightly compressed. Univ. of Cineinna.i,

No. 22861. Port Ancient beds of Waynesville, Oregonia,

Ohio. 5. Dorsal view. 6. Lateral view. Holotype. Univ.

of Cincinnati, No. 24293. Fort Ancient member, Waynes-
ville, from Clarkesville, Ohio. Gift of Miss Carrie B. Will-

iams.

7-9. Manitoulinoceras, sp. . 384
Two flattened shells showing exceistional preservation of

actinosiphonate deposits. 7. Shideler Coll., upper White-
water, McDill's Mills, near Oxford, Ohio. 8. Shideler

Coll.; upper Whitewater, Dodge's Creek, Oxford, Ohio.

9. Same specimen as fig. 8, enlarged X2 to show details of

actinosiphonate deposits.

10. Manitoulinoceras tenuiseptum (Faber) .. 376
Septal view at base of the smaller of the two syntypes.

Waynesville, evidently Port Ancient member ; Waynes-
ville, Ohio. Univ. of Cincinnati, No. 104.

J
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Explanation of Plate 24 ( 2G )

(Kindloot'cras and Stauffcroceras)

Figure Page

1-4. Kindleoceras cumingsi Flower, n. sp. - 36G

Holotype, Shideler Coll. 1. Ventral view. 2. Lateral view.

3. Dorsal view. Paratype. 4. Ventral view, a portion of

a living- chamber showing growtli lines and traces of the

hypononiic sinus. Siiideler Coll. Both are from the up-

per part of tlie BaliKhi, at Cooper's Falls, 5 miles south

of Versailles, Ind.

5-7. Staufferoccras subtriansulare Foerste, n. sp. 390

I-Ioloty]K'. Siiideler Coll. 5. Ventral view\ 6. Lateral view.

7. Dorsal view. Lower Whitewater beds, Little Four Mile
Creek, near Oxford, Ohio.

S, 9. Kindleoceras equilaterale Foerste, n. sp. . „ 367

Holotype, Shidelej' Coll. 8. Lateral view. 9. Dorsal view.

Saluda beds, ;!/4 mi. nortli of Mixerville, Ind.

10,11. Kindleoceras rotunduxn Flower, n. sp. ..„ 365
Holotype, Shideler Coll. Ki. Lateral aspect. 11. Ventral

aspect. Saluda beds above the Tetradium zone, Big Sains
Creek, 214 mi, southwest of Laurel, Ind.
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Explanation of Plate 25 ( 27 )

(Wcllierbyoeeras, Augustoceras, and Shideleroeeras)

Figure Page

1-3. Augustoceras ( ?), sp. (2) 358
1. Ventral view. 2. Lateral view. 3. Septal views. Mays-

ville, Cincmnati, Ohio. Univ. of Cincinnati, No. 17163.
4-5. Ausvustoceras ( ?), sp. (1) ^ . .._ 356

4. Ventral view. 5. Lateral view. Ayres Coll., Univ. of
Cincinnati, No. 17104. Cincinnati, OVdo, presumably
Fairmount.

6,7,10. Aug!Jstoccr.is. ^-o. (11 35G
Lateral views of three fragmentary specimens such as have

ffenerally been idfjUified as Vyrioccras rallandighami. Uni-
versity of Cincinnali, Nos. 10376. Cincinnati, Ohio. Fair-
mount ( ? )

.

8, 11. Wethorhyocjras conoidale ( Wetherby) , 360
Cojiy of original figures. 8. Original of Wetherby, 1881,

pi. 2, fig. 6a, the typical form. 9. Wetherby, pi. 2, fig.

6, form regarded as "a different species and nearly allied
''. raUandkiham.'' Loe;^lities of specimens not stated.
Types not located.

9. Augustoceras (?) valJandighami (Miller) _ . 355
Original figure of hoJotype (after Miller). Fairmount (?)

Cincinnati, Ohio. Location of type unknown.
12-13. AuQ,-us,toreras ( ?), sp. (3) ._ . 358

Two of three very imj)erfect specimens. Faber Coll. Univ.
of Cincinnati, No. 17167. Southgate shales. Hillside Ave.,
Flats, Cincinnati.

14, 15. ShJdeleroceras sinuatum Foerste, n. sp. 510
4. Vertical section. 15. Septal view of holotype. See Pis.

26, 27. Lower Wiitewater beds. Little Four Mile Creek,
Oxford, Ohio.

16,17. Shideleroceras gracile Flower, n. sp. . .. .. 513
Holotype. 16. Lateral aspect. 17. Ventral aspect. Saluda

beils. Big Plum Creek, li^ mi. northeast of Osgood, Ind.
Shideler Coll.

18,19. Shideleroceras simplex Flower, n. sp. 512
18. Lateral view. 19. Ventral view. Holotype, Shideler

Cell. Lower Whitewater beds, Little Four Mile Creek,
Oxford, Ohio.

20. Shideleroceras sinuatum Foerste, n. sp. 510
Ventral view of liolotype (see Pis. 26, 27) showing medium

lobes of sutures.
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Explanation of Plate 26 ( 28
)

(Zitteloceras and Shideleroceras)

Figure Page

1-6. Zitteloceras hitzi (Foerste) 334

1. Holotype, ventral view. X2. (After Foerste. Depository

unknown.) Hitz bed, Madison, Ind. 2, 5. Hypotype. 2.

Enlarged. 5. Xl. Univ. of Cincinnati, No. 24273. Hitz

layer, Madison, Ind. '.'>, 4, 6. Hypotype, Sliideler Coll. '.),

Venter. XL 4. Lateral, X2. 6. A'enter, X2. Hitz bed,

Madison, Ind.

7-9,12. Zitteloceras williamsse Flower, n. sp. 330
Holotype, Univ. of Cincinnati, No. 24274. 7. Venter, en-

larged. 8. Lateral view, XL 9. Same, enlarged. 12. Ven-
ter, XL Trilobite beds, upper Fort Ancient, Waynes-
ville, from Clarkesville, Ohio.

10,11. Zitteloceras perexpansum Foerste, n. sy. 333

Holotype, Shideler Coll. 10. Ventral view. 11. Lateral view.

Lower Whitewater beds. Little Four Mile Creek, near Ox-
ford, Ohio.

13, 14. Zitteloceras lentidilatatum Foerste, n. sp. 331
13. Paratype, lateral view; XL 14. Holotype, lateral view;
XL Upper Whitewater beds. Dodge's Creek, near Oxford,
Ohio. Shideler Coll.

15, 16. Zitteloceras shideleri Flower, n. sp. 332
Holotype, Shideler Coll. 15. Lateral view. 16. Ventral view.
Hannah 's Creek, east of Liberty, Ind., base of Tetra-
dium zone of Saluda beds.

17, 18. Shideleroceras sinuatum Foerste, n. sp. 510
Holotype, Shideler Coll. 17. Oblique ventral view, with

venter slightly to left of center. 18. Lateral view. Lower
Whitewater beds, Little Four Mile Creek, near Oxford,
Ohio.
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Explanation of Plate 27 ( 29
)

(Zittelocevas, Charactocerinn and Shideleroceras)

Figure Page

1-3. Zitteloceras russelli Flovi^er, n. sp. -_. _. 328
1. Dorsfi] view. ;.'. Lateral view. y. Ventral view. Holo-

typc. Univ. of Cincinnati, No. 24272. Trilobite shales of
lower WaynesvilJe (upper Fort Ancient), Stony Eun,
south of Fort Ancient, Onio.

4, 5. Charactocerina (?) faberi (James) 494
Holotype. 4. Vertical section. 5. Lateral view, from oppo-

site side. Wliitewater beds, probably upper Whitewater,
Eichniond, Ind. Univ. of Cincinnati, No. 102.

6-8. Shideleroceras sinuatum Foerste, n. sp. 510
Paratype. 6. Ventral view. 7. Lateral view. 8. Dorsal view.
Lower Whitewater beds. Little Four Mile Creek, Oxford
Ohio. Shideler Coll.
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Explanation of Plate 28 ( 30 )

(Cyrtoceriiia and Miehelinoceras)

Figure Page

1. Cyrtocerina madisonensis (Miller) 505
Portion of sagittal lliiii section, much enlarged, showing

the siplmncle. Same specimen as figure 7. Hypotype,
Univ. of Cincinnati, No. 2;^,9G5. Hitz layer, Madison, Ind.

2, 5. Cyrtocerina modesta Flower 506
Paratype. 2. Dorsal view. 3. Apical view. Univ. of Cincin-

nati, No. 23970.

3. Miehelinoceras (?) ivorense Flower, n. sp 107
Holotypc, Univ. of Cincinnati. Cynthiana limestone, Ivor,

Ky.

4. Cyrtocerina patella Flower, n. sp. ..._ 506
Composite picture. Adoral end is the sectioned holotype,

Univ. of Cincinnati, No. 23967, from the upper Saluda,
Versailles, Indiana. The lower part is a paratype, Univ.
of Cincinnati, No. 23968, from the Hitz layer of Madison,
Ind.

6-8. Cyrtocerina madisonensis (Miller) _ _.. 505
6. Lateral view of hypotype, Xl, Univ. of Cincinnati, No.

23966. 7. Thin sagittal section; X 2% /Univ. of Cincin-
nati, No. 23965. 8. Adapical view of specimen shown in
fig. 6. All specimens are from the Hitz layer at Madi-
son, Ind.
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Explanation of Plate 29 ( 'M )

(Cyrtoceriiui, Diestoceras, and Faboroceras)

Figure Page

1-2. Cyrtocerina (?) carinifera Flower, n. sp. _ 507

Holotype, Shideler Coll. 1. Ventral view. 2. Lateral view,

venter on left. Saluda beds, MeDill's Mills, near Ox-
ford, Ohio.

3. Diestoceras cyrtocerinoides (Flower) 410
Vertical section of liolotype; XL Univ. of Cincinnati, No.

37971. Hiiz layer, Madison, lud. (See PI. '^8, figs. 2, 3.)

4. Cyrtocerina madisoncnsis (Miller) 505

Hypotype, vertical section; xL Univ. of Cincinnati, No.
i;3865. Hitz layer, Maiiison, Ind.

5,6. Cyrtocerina modesta Flower 506
5. Lateral view of paratype, Univ. of Cincinnati, No.

2'A966. 7. Tiiin sagittal section; X2i.4, Univ. of Cincin-
nati, No. 17170. Hitz layer, Madison, Ind.

7,8. Cyrtocerina patella Flower 500
7. Adapical view of paratype, Univ. of Cincinnati, No.

23968, Hitz layer, Madison, Ind. 8. Holotype, Univ. of
Cincinnati, No. 23967, Saluda beds, upper Whitewater
beds, Versailles, Ind.

9. Cyrtocerina modesta Flower 506
Enlargement of adoral part of phragmocone of holotype

(fig. 6) showing abnormal bend in septum and connect-
ing ring.

10. Faberoceras, sp.
. 431

Vertical section of siphuncle, slightly lenioved from cen-
tral plane, showing form of septal necks, the annulosi-
phonate deposits ami, centrally, traces of eiidocunes repre-
sented by light calcite are visible. Venter on right.

Leipers formation, llowona, Kv.



PL. 31, Vol. 29 Bull. Amer. Paleont. No. 116, PL. 29





PLATE 30 (32)



'16 Bulletin 11(5

Explanation of Plate 30 ( 32 )

( Faberoceras and Cyrtocerina)

Figure Page

1. Faberoceras cf. percostatum Flower 431, 463
Thin section of siphuncle, about X4, shewing growth re-

lationship of deposits. A vestige of the endocones is

present at the base, elsewhere only annulosiphonate de-

posits and thickened connecting rings are visible. Venter

on right. Leipers formation, Rowena, Ky.

2. Cyrtocerina madisonensis (Miller) — 505

Enlargement of small part of ventral wall of siphuncle,

showing also wall of shell and encrusting Bryozoa, on

left. Note gradation in texture of connecting rings.

About X26.

3. Cyrtocerina madisonensis (Miller) - 505

Enlargement of the doi-sal part of a series of siphuncular

segments from the middle of the sectioned hypotype
showing variation in mode of preservation of the necks

and connecting rings. About Xl8.
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Explanation of Plate 31 ( 33 )

( Charactoceras, Fayettoceras, and Oncoceras)

Figure Page

1,2. Fayettoccras thompsoiii (Miller) .- 486

Holotype. 1. Lateral view, venter on right. 2. Dorsal view.

U. S. Nat. Mus., No. 64334. (After Foersto, 1932.)

Upper Richmond (Whitev/aier!), Lonsiwood, Fayette Co.,

Ind.

3-5. Oncoceras elkhomen.se Flower, n. sp. 265

3. Paratype, lateral view, venter on right. 4. Holotype, ven-

tral view. 5. Holotype, lateral view, venter on left. Shid-

eler Col\ Middle Klkhorn.froni a t-reek south of College

Corners, Ohio.

6-8. Charactocerag baeri (Meek and Worthen) 489
6. Hypotype, lateral aspect, an individual showing the clear-

est preservation of fasciculate ornament. Shideler Coll.,

lower Whitewater beds, Little Four Mile Creek. 7. Hypo-
type, Univ. of Cincinnati, No. 24.327, showing ear-

liest stage observed. Hitz layer, Madison, Ind. 8. A rela-

tively complete individual; X2/3. Lower Whitewater,
Little Four Mile Creek. Univ. of Cincinnati, No. 24526.



PL. 33, Vol. 29 Bull. Amer. Paleont. No. 116, PL. 31





PLATE 32 (34)



620 Bulletin 116 702

Explanation of Plate 32 ( 34 )

(Oncoceratidas)

Figure Page

1-8. Oncoceras delicatulum Flower, n. sp. 259

1. Holotype, lateral aspect, Univ. of Cincinnati, No. 24410.

2. Lateral view. 3. Apical view. 4. Ventral view. Para-
type, Univ. of Cincinnati, No. 24411. 5. Oblique section

of pai'.Htyrc )<2, Univ. of Cincinnati, No. 24412. 6.

Paratype, lateral aspect, Univ. of Cincinnati, No. 24413.

7 and 8. Opposite views of a paratype, a badly crushed

but relatively complete individual. Carrie Williams Coll.

All specimens are from the duseri beds of the lower
Waynesville, from Clarkesville, Ohio.

l)-ll. Eeloilccercs chr.piiarsi FiiAver, n. sp. ...- 284

0. Lateral view. 10. Ventral view. 11. Apical view. Holo-
type, Univ. of Cincinnati, No. 24419. Upper Whitewater
beds. Shera farm, near Oxford, Ohio.

12. Bckiitocieras (j-sinsiens Flower, n. sp. - 284
Holotype, laternl aspect, Shideler Coll. Upper Whitewater

beds, Oxford, Ohio.

13-14. Oncoceras exile Flower, n. sp. 263

Paratype. 13. Lateral view. 14. Ventral view. Saluda beds,

Hitz fauna, Canaan, Ind.

15. Ecloitoceras amoenutti (Miller) . 272
Hyjiotype, hiteral aspect, Earlham College, No. 14953.

Vvliitcwater beds, Eichniond, Ind.

16. Beloitoceras ohioense Flower _ 279
Paratype, Shideler Coll., lower Whitewater, Dodge 's Creek,

Oxford, Ohio.

17. Beloitoceras amoenum (Miller) 272
Holotype, Univ. of Cincinnati, No. 106. Whitewater beds,
Eichmond, Ind.
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Expjy.vKATiox OF Plate ^3 ( 35
)

(Oiveoceratii.la?)

Figure Page

1,2. Oonoceras fenneraani P'lower, n. sp. - 308

1. Ventra.1 aspect. 2. Lateral aspect. Holotype, Sliideler

Coll. Saluila-Whitcwater transition, from a small trilm-

taiy of Indian Creek, 5 mi. west of Oxford, Ohio.

3,4. Beloitoceras gcniculatum Flower, n. sp. .- - 2S1

3. Lateral view. 4. Ventral view. Holotype, Shideiei' Coll.

lower Wliitewatcr beds, Little Four Mile Creek, Oxford,
Ohio.

5, G. Keioitoceras protractum Flower, n. sp. _ 282
Holotype, Shideler Coll. 5. Dorsal view. 6. Lateral view.

Lower Wliitewater beds, Little Four Mile Creek, near
Oxford, Ohio.

7. Oonoceras shideleri Flower, n. sp. - . _ 300
Holotj'pe, Shideler Coll., lateral view. Upper Whitewater

beds, left fork of Beasley Creek, north of Camden, Ohio.

8-]l. Oonoi'oras rejuvenatum Flower, n. sp. . -,. .„ 311
y. liolotype, ;i olightly crushed shell showing the ventral

siphuii(d(, at ti!C e.ctrcme lei'i . Paratype: 9. \'i'iitval view.

10. Septal view. 11. Lateral view. Boti^ specimens are in

the Shideler Coll. and are from the u})per Whitewater
beds of Dodge's Creek, Oxford, Ohio.
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Explanation op Plate :14 ( 36
)

(OncoceratidtTp ami Diestoceratida')

Figure Page

1. Diestoceras eos (Hall and Whitfield) 403
A slightlj' llattened specimen sliowing tiie lines of growth

with remarkable clarity. Very slightly reduced. Actual
length 87 mm. Slddeler Coll. Lower Whitewater beds,

Little Four Mile Creek, Oxford, Ohio.

2. Beloitoceras cumingsi Flower, n. sp. „ 277
Holotype, lateral aspect, Shideler Coll. Lower Whitewater

beds, Little Four Mile Creek, Oxford, Ohio.

3. Beloitoceras ohioense Flower, n. sp. 279
Holotype, lateral aspect, Shideler Coll. Upper Whitewater

l^eds, Harper's Branch, Olderburg, Ind.

4,5. Beloitoceras amoenum (Miller) 272
4. Lateral aspect. 5. Ventral aspect. Hypotype, Univ. of

Cincinnati, No. 24417. Upper Whitewater beds. Dodge's
Creek, Oxford, Ohio.

6. Diestoceras eos (Hall and Whitefield) . _. . 403
Hypotype, lateral aspect, venter at right. Same specimen

figured by Foerste (1924, pi. 26, fig. lA-B). Shideler
Coll. Lower Whitewater beds, Little Four Mile Creek,
near Oxford, Ohio.
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Explanation of Plate .''.5
( 37 )

(Oiicoeeratiila^ and Dicstocoratidac)

Figure Page

1. Beloiioceras alriclii Flower, n. sp. 285
Holotypc, lateral view, U. S. Nat. Mus. Elkhorn beds, Ver-

sailles, Ind.

2,3. Oncoceras cincinnatiensc (Miller) .. _ _ ^ 257
2. Flattened specimen, lateral aspect. U. S. National Mu-
seum, No. 4S3;j6. Lorraine beds (Corryville ?), Cincin-
nati, Ohio. 3. Lateral aspect of a plastotypc of the holo-

type. U. S. Nat. Mus., No. 67449.
4. Oncoceras (?), sp. 259

Lateral aspect. Lorraine group, Cincinnati. U. S. Nat.
Mus., No. 48:596. Probably from tlie Corryville.

5. Oncoceras fossatum Flower, n. sp. _ ., 247
Hololype, lateral aspect. U. S. National Museum, No.

59481. Cynthiana limestone, Eddyville, Ky.

6. Beloitoceras cuming^si Flower, n. sp. 277
Hypotype, lateral aspect, showing a- specimen with an ex-

tremely rapidly expanding phragmocone. Univ. of CHn-
einnati. No. 24414. Whitewater beds, Oxford, Ohio.

7. Oncoceras faberi (Miller) 255
Lateral aspect of plastotype, U. S. Nat. Mus., No. 67448.

Maysville (Corryville ?), Cincinnati, Ohio.

8. Beloitoceras cumingsi Flowsr, n. sp. . . , 277
Paratype, lateral view, ujjpcr Whitmvator bcils, McDill 's

Mills, Oxford, Ohio. Shideler Coll.

9. Diestoceras eos (Hall and Whitfield) _ 403
One side of the flattened holotype, Ohio State Univ., No.

38082. Whitewater beds, near Dayton, Ohio.
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Explanation of Plate 36 ( ?>8 )

(Oncoeeratidiv ami Diestoceiatidsp)

Figure Page

1,2. Diestoceras indianense (Miller and Faber) 400

1. Exterior, lateral view. 2. Vertical section. Hypotype,
Univ. of Cincinnati, No. 24479. Lower Whitewater beds,

Little Four Mile Creek, near Oxford, Ohio.

3. Diestoceras indianense (Miller and Faber) . 400
Lateral aspect of hypotype, Univ. of Cincinnati, No. 24480.

Lower Whitewater beds, Little Four Mile Creek, near Ox-
ford, Ohio.

4. Oncoceras duncana; Flower, n. S:p _ 262
Holotyjje, lateral aspect, venter on left. Univ. of Cincinnati,

24481. Upper Saluda beds, Canaan, Ind. (See PI. 37, fig.

4.)

5. Oonoccras insuetum Flower, n. sp. 314
Lateral aspect of liolotype, Univ. of Cincinnati, No, 24482,

Saluda beds, Versailles, Ind. (See PL 37, fig. 8.)

C, 7. Oncoceras covingtonense Flower, n. sp. 248
6. Ventral view. 7. Lateral view. Holotype, U. S. Nat.

Mus., No. 48391. Upper beds of the Trenton (Bromley
shale phase of the Cynthiana limestone), West Covington,
Ky.
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Explanation of Plate :57 ( 39 )

(Oiic()i't>iatiilii' .-uiil DiestoceratidiP)

Figure Page

1. Diestoceras ( ?) vasiformc Flower, n. sp. - — -- 416

One side of the slightly flattened holotype. Orientation un-

certain. Earlliani College, No. 7948. Precise horizon and
locality uncertain. Probably from the Saluda near Rich-

mond, Ind.

2,3. Beloitoceras, sp. - - 280

2. Lateral view. '^. Ventral view. Living chamber, Univ.

of Cincinnati, No. 24804. Lower Whitewater beds, Ox-

ford, Ohio.

4. Oncoceras duncanie Flower, n. sp. _ —

-

262

Ventral view of holotype. See PI. 36. Univ. of Cincinnati,

No. 24481. Hitz fauna, upper Saluda, Canaan, Ind.

5. Diestoceras reversum Flower, n. sp 415

Lateral view of holotype, venter on right. Shideler GoU.

Saluda beds. Laurel, Ind.

6. Beloitoceras cf. cumingsi Flower 278

Lateral view. Shideler Coll. Top of Elkhorn, Harper's
Branch, Olderburg, Ind.

7. Beloitoceras ohioense Flower, n. sp. 279

Paratype, lateral aspect, Univ. of Cincinnati, No. 23914.

Lower Whitewater beds, Flat Fork Creek, Ohio.

8. Oonoceras insuetum Flower, n. sp. - 314

Ventral view of holotype, Univ. of Cincinnati, No. 24482.

Saluda beds, Versailles, Ind. (See PI. 36.)

9. Beloitoceras amoenum (Miller) _ 272

Hypotype, lateral aspect, Shideler Coll. Upper Whitewater
McDill's Mills, near Oxford, Ohio.

10. Diestoceras eos (Hall and Whitfield) - 403

Dorsal view of hypotyjse, slightly widened by vertical flat-

tening, Univ. of Cincinnati, No. 24500.
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Explanation of Plate 38 ( 40
)

(Diestoeeras, Probillingsites and Beloitoceras)

Figure Page

1. Diestoeeras shideleri Foerste 407
Hypotype, an essentially unflattened shell incomplete adoral-

ly. Shideler Coll. Saluda beds, McDill 's Mills, near Ox-
ford, Ohio.

2,3. Diestoeeras cyrtoeerinoides Flower 410

Holotype. '2. Portion of sagittal section; X2. 3. Adoral
view of type, Univ. of Cincinnati, No. 23971. Hitz layer,

Madison, Ind. (See PI. 29, tig. 3.)

4,5. Probillingsites (?) minutum Flower, n. sp. - 195

4. Lateral view, venter on right. 5. Dorsal view. Holotype,
Shideler Coll. Middle Liberty beds, Dodge's Creek, Ox-
ford, Ohio.

6. Beloitoceras amoenum (Miller) „. 272

Hypotype, a typical internal mold of an isolated living

chamber, lateral view. Univ. of Cincinnati, No. 24916.

Whitewater beds. Dodge 's Creek, Oxford, Ohio.

7. Diestoeeras eos (Hall and Whitfield) .^ 403
Portion of sagittal section through siphunele, about Xl%.

Univ. of Cincinnati, No. 24502. Lower Whitewater beds.

Little Four Mile Creek, near Oxford, Ohio.

8. Diestoeeras shideleri Foerste 407
Lateral view of a. somewhat flattened but relatively complete

shell. Univ. of Cincinnati, No. 24508. Lower White-
water beds, Little Four Mile Creek, near Oxford, Ohio.



PL. 40, Vol. 29 Bull. Amer. Paleont. No. 116, PL. 38





PLATE 39 (41)



6.-4 Bulletin 116 716

Explanation of Plate 39 ( 41 )

(Richmond Oncoceratidae and Diestoceratidae)

Figure Pi^ge

1,2. Oncoceras exile Flower, n. sp. — - 263

Paratype, showing form of early part of phragmocone. 1.

Ventral aspect. 2. Lateral aspect. U. S. Nat. Mus. Hitz

layer, uppermost Saluda, at Madison, Ind.

3. Diestoceras cf. shideleri Foerste 408

Dorsal aspect, X2/o, of the only specimen observed in t'le

Elkhorn, a somewhat flattened shell, Shideler Coll. Mid-

dle Elkhorn, Seven Mile Creek, Eaton, Ohio.

4,5. Oncoceras madisoncnse Flower, n. &p. - 264

Holotype. 4. Lateral view. 5. Ventral view. Univ. of

Cincinnati, No. 24485. Hitz layer, Madison, Ind.

6. Beloitoceras bucheri Flower, n. sp. ^ - -- 28S

Holotype, lateral aspect. Shideler Coll. Basal Whitewater,

Elk Run, near Winchester, Ohio.

7. Diestoceras attenuatum Flower, n. sp. - 409

Holotype, lateral view, venter on left. Univ. of Cincinnati,

No.' 24524. Lower Wiiitewator beds. Little Four Mile

Creek, near Oxford, Ohio.

8,9. Oncoceras madi-souense Flower, n. sp. 264

Paratype, a shell somewhat smaller than the holotype. 8.

Ventral view. 9. Lateral view. U. S. Nat. Mus., Hitz

layer, Madison, Ind.

10. Diestoceras eos (Hall and Whitfield) ^ 403

Hypotype, showing a dorsal surface retaining the shell, also

the concave outline of the early portion. Shideler Coll.

Saluda beds, Madison, Ind.
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Explanation of Plate 40 ( 42 )

(RichmoiKl Cyrtoceracones)

Figure Page

1-3. Miamoccras shideleri Flower, n. sp. 318

Ilolotype, Shideler Coll. 1. Ventral view, showing siphuncle

exposed by sectioning. 2. Lateral view, venter on left. 3.

Dorsum. Saliula beds, about 4 mi. west of Oxford, Ohio.

4,5. Graciloceras extcnsum Flower, n. sp. . ^ 173

Holotype. 4. Weatiiered lateral surface. 5. Opposite side,

showing surface of inteiiial mold. Shideler Coll.

Lower Whitewater beds, Flat Fork Creek. The pustulose

material at the extreme base of fig. 4 is a starfish arm.

6-S. Oonoctras rectidoinum Flower, n. sp. - 313

6. Lateral view, vouter on right. 7. Ventral. 8. Lateral,

venter on left. Ilolotype, TJniv. of Cincinnati, No. 24484.

Lower WJiitewater beds, above ccphalopod zone. Flat Fork
Creek.

9,10. Ncumatoceras subconicum Flower, n. sp. 297

9. Ventral view. 10. Lateral view, venter on left. Holo-
type, Univ. of Cincinnati, No. 24329. Cephalopod beds,

lower Whitewater horizon, Little Four Mile Creek, Ox-
ford, Ohio.

11. Oncoccras, sp. 249
Lateral view of the only known specimen. Shideler Coll.

Cynthiana limestone, quarry 2 'A mi. from Winchester,
Ruckersville road.
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Explanation ob' Platk -il ( 43 )

(Kiehmond Oyrtoceracones)

Figure Page

1,2. Whifieldoceras (?) caBteri Flower, n. sp. - —- 179

Opposite sides of the slightly flattened holotype. Orienta-

tion uncertain. Shideler Coll. Upper Wliitewater beds,

McDill's Mills, near Oxford, Ohio.

3-5. Diestoceras pupa Flower, n. sp. - 416

o. Eigiit side. 4. Left side. u. Ventral side. Holotype,

Univ. of Cincinnati.

6,7. Vaupelia (?) minutum Flower, n. sp. ^ 482

6. A'entral view. 7. Dorsal view. Holotype, Univ. of Cin-

ftinnati. Cincinnatian of Indiana. Horizon and locality

uncertain.

8. Danoceras (?) jyrar.ile i'lower, n. sp. 423

Holotype, lateral view, venter on right. Univ. of Cincin-

nati, No. 24473. Origin uncertain. Believed to be de-

rived from the lower Whitewater of Indiana.

9. Diestoceras waynesviMensc Flower, n. sp. . . 412
Lateral view of holotype, with venter on left. Shideler Coll.

From the Clarkesville member of the Waynesvile, Harp-
er's Branch, Olderburg, Ind.

10-11. Diestoceras indiaucnse (Miller and Faber) 400
10. Sectioned specimen; Xl. 11. Basal portion enlarged.

Univ. of Cincinnati, No. 24499. Hypotype. Saluda beds,
Versailles, Ind.
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Explanation of Plate 42 ( 44 )

(Richmond Clarkesvillia and Oncoceratidse)

Figure Page

1. Oncoceras anomalum Flower, n. sp. - 261

Holotype, lateral aspect. Shideler Coll. Dodge's Creek,

Oxford, Ohio, in the upper Whitewater beds, just below
the Bhynchotrema dcntata zone.

2. Beloitoceras amoenum (Miller) 272

Lateral aspect, most perfect individual observed. Earlham
College, No. 7744. From the Whitewater beds of Eich-

mond, Ind.

3,4. Clarkesvillia halei Flower, n. sp. - - 476

Holotype. 3. Ventral aspect. 4. Lateral aspect. Waynes-
ville beds, Clarkesville, Ohio.

5. Beloitoceras amoenum (Miller) 272

Lateral aspect of a flattened shell showing growth lines.

Flattening has given this specimen the profile of a Neu-
matoceras. Upper Whitewater beds, from Halderman
Mill, 2.5 mi. south of West Alexandria, Preble County,
Ohio.
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Explanation of Plate 43 ( 45
)

(Clarkesvillia and Aimenoceras)

Figure Page

1,4. Clarkesvillia halei Flower, n. sp. - 476
Holotype, Univ. of Cincinnati Museum. 1. Lateral aspect

before sectioning, allowing weathered surface and appar-
ently concavosiphonate siphunele. 3. Vertical section

through the same specimen. Prom the Waynesville forma-
tion in the vicinity of Clarkesvillo, Ohio. Precise horizon
uncertain.

2,3. Armenoceras vaupeli Flower, n. sp. . 521

2. Paratype, Univ. of Cincinnati, No. 23901, natural weath-
ered section. 4. Paratype, Univ. of Cincinnati, No.
23903, natural weathered section. Both specimens retain
only the ventral part of the original shell. Cyuthiana
limestone, Cyntliiana, Ky.
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Explanation of Plate 44 ( 46 )

(Armenoceras ami Lanibeoceras)
Figure Page

1,2. Armenoceras ricliniondenae Flower, n. sp. 523

1. Section of holotype. Liberty beds, Route 1, about 4 mi.

south of Milan, Ind., Univ. of Cincinnati, No. 23910.

2. Paratype, a naturally weathered and somewhat crushed
specimen which is more complete longitudinally. Shideler

Coll. Blanchester beds of the Waynesville, Addison 's

Citek, near Oxford, Ohio.

3, 4. Lambeoceras richmondeiise (Foerste) _ — . 530

3. Lateral longitudinal section, X 1. Shideler Coll. White-
water beds, Beasley 's Creek, Camden, Ohio.

4. Portion of mature individual, with shells of Crania origi-

nally attached to the insiiie of the living eliamber. Ven-
tral aspect. Earlham College, No. 6422. Probably from
the Whitewater beds, Richmond, Ind.
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Explanation of Plate 45 ( 47 )

(Lambeoceras p.rul Neumatoceras)

Page
Figuio

1. Lambeoceras richmondense (Foerste) -_
"f" Vl^'p^tP-'nal

^

Hypotype, most complete specmien observed The external

mold obscurely pAserved adapically, indicates that the

sl-ell comes to a blunt termination at the extreme base oi

tlie portion figured. Earlham College No. 7955. No data,

evidently Whitewater, probably from Eicnmond, Ind.

2,3. Neumatoceras chrysalis Flower, n. sp.
- _

o" Vor.+r't.l vipw
Holotype, Shideler Coll. 2. Lateral view. 3 Vential view.

Sr Whitewater beds, Little Four Mile Ci-eek, near

Oxford, Ohio.
^^^

4 1 .-imbcoceras rxchmondense (Foerste) t •
'

Hyitotype, ventral ^iew, of a relatively complete livmg

cliamber and a portion of a phragmocone. Shideler Coll.

Whitewater beds, Beasley 's Creek, near Camden, Ohio.

Note presence of extensive Clionolither, on the living cham-

ber.
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Explanation of Plate 46 ( 48
)

(Lambeoceras)

Figure Page

1. Lambeoceras richmondense (Foei'ste) 530

Hypotype, internal mold of the largest jjiiraginceone ob-

served. Shideler Coll. Saludr. beds, Harper's Pun, noi'th-

east of Oxford, OIuo. Note lateral modification of adoral

sutures.

2,3. LaiTibeoceras richmondeiiso (Foerste) 530

HypotyiJe, ventral (2) and dorsal (;i) views, of an excep-

tionally well-preser\ed small fragment, sliowing difference

in dorsal and ventral sutures. Shideler Coll. Listed as

from the Liberty formation, McDill's Mills, Oxford,

Ohio. Possibly lower Wliitewater.

4. Lairoeuccras richr.iondcnsc (Foerste) - 530

HypotypL\ Vertical section X^^/a showing the form of

the uegn)ents of the siphuncle, Shideler Coll. Upper Wiute-
watcr beds, from valley of Harper 's Brancli, Tnd.
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Explanation of Plate 47 ( 49 )

(Aetinoeeroidea)

Figure Page

1. Treptoceras diiseri (Hall and Whitfield) (Pari: JT)

Lateral \ivvr of rni almominl indiviilur;! vrit'i (iisto.'t'.^l

soptfi. The viMitrr is to ti.^ vijr!!*:. Sliiiicloi- rr.lJ. Irc-n-ri

zono, Fort Aiieieiit inenibei-, Waynesville. From Stony
Hollow, Clarki-sville, Ohio.

2,3. Troedssonoceras (?) obscuroHratum Flower, n. sp. 540

Holotypc. '2. Exterior section. ''>. Vertical section. Holo-
type, Sliiileler Coll. Cynthiaiia liRv.'Storie, Millersburg
pha8e, between Sutherland Mill ami C'liapnian, near Bards-
town, Ky.

4-6. Armenoceras vaupeli Flower, n. sp. ...

Holotype, Sliideler Coll. 4. Ventral aspect. 5. Lateral as-

pect. (5. Verticrfl section througii sipbuncle. Cynthiana
limestone, Cynthiana, Ky.

7. Armenoceras madisonense Foerste 526

Holotype, dorsal view. (After Foerste and Teichert.) U. S.

Nat. Mus., No. 15493. Madison, Ind., believed to have
eoroe from the Salnda beds.
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Explanation of Plate 48 ( 50 )

( Rasinussenoceras)
Figure Page

1-8. Rasmusscnoceras variabile Flower, n, sp. -222
1. Syntype, Sliideler Coll., one of the most complete ma-

ture living chambers observed. Ventral aspect. Basal
Whitewater, Flat Fork Creek.

2-;j. Ventral iind dorsal views of syntype, Eavliiani Coll.

No. 8203, showing difference in dorsal and ventral loba-
tion of sutures. No data. Probably from the Wliite-

water formation of Richmond, Ind.
4. Dorsal aspect of syntype, the youngest stage represented.

Shideler Coll. Basal Wliitewater, 1^'lat Fork Creek.
5. Dorsal aspect of a later growth stage showing broadening

of the dorsal keel and the adoral decrease in rate of ex-

pansion. Shideler Coll. Lower Whitev/ater beds, Little
Four Mile Creek, Oxford, Ohio.

G. Syntype, dorsal view of a typical ephebic living cliam-
ber. Shideler Coll. Lower Whitewater beds, Little Four
Mile Creek.

7-S. Ventral (7) and dorsal (S) aspects of an immature liv-

ing chamber sliowing the characteristic neanic rapid later-

al expansion. Lower Whitewater betls, Little Four Mile
Creek, Oxford, Ohio.
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Explanation of Plate 49 ( 51
)

(Troeilssonoceras)

1-.;. Troedsscnoccras multiHratum Flower..
1. Section of liolotype, slightly more than Xl. 2. Surface

or iiolotype; Xl, Univ. of Gincimiati, No. !22456
Mayyville, Cincinnati, Ohio. 'd. Hyyotyiu', n more com-
plete phragmoeone, Univ. of Cincinnati, 'No. 22648 Mount
Hope beds, Eiee St., Cincinnati.

4, TrciHlssoiioccras rovvense Flower, n. sp. 542
Paratype, vertical ejection ; Xl. Univ. of Cii'icinnatirNo'

^-±466. Leipera formation, Painlc.l Cliffs, Cumberland
i-aver, li\\.

5-G. Troedssomjceras turbidum (Hall and Whitfield) .. 537
liypotype, Univ. of Cincinnati, No. ;;;K)8. 5. Exterior- Xl
t ^''''?!?'' ^'y''} «''^P^^''J ^'«^f of the same specimen!
Aiaysville, Cincinnati, Ohio.

V. Trood.^jsonoceras rowenje Flower, n. sp. _ 542
Ilclotype, 7/8 natural size. Univ. of Cincinnati. No. 244G5

Leipers formation. Painted Cliffs, Cumberland Ri^•er, Ky!
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Explanation of Plate 50 ( 52
)

(Troedssonoeeras)
Figure Page

1,2. Troedsec-noceras cf. muitlliralum Flower 545

Plaster ca,st from natural external nioLl, Univ. of Cincinnati

No. 24-46;}. 1. Enrire specimen, natural size. 2. Adoral
portion sliglstly enlarged, showing detail of surface sculp-

ture. Bellevue formation, English Homes, Western Hills

Boulevard, Cincinnati, Ohio.
3-5. Troedssonoeeras bailej'i Flower 539

3. Enlargement of a portion of the surface; X2. 4. Verti-

cal section from adapical half of specimen; Xl%-
5. Exterior of holoiypc, entire. Xl, U. S. Nat. Mus. Tren-
ton, probably Cathys, Nashville, Tenn.

6. Troedssonoeeras rowenas Flower, n. sp. - _ 542

Paratype, oblique section; XL Univ. of Cincinnati, No.
24467. Leiper.s formation, Painted Cliffs, Cumberland
River, Ky.

NOTE.—On page 13 of this Bulletin acknowledgment has been

made to the Faber Fund of the University of Cincinnati Museum
for financial assistance in the preparation of the illustrations for

this work, and it now should be stated that tiie Trustees of tlie

University of Cincinnati have appropriated from the funds of the

College of Liberal Arts sufficient financial aid for the completion

of the necessarv illustrations.
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600, 601
602

603, 607
603, 607
189, 603

602
603, 607

602
601
608

606, 608

605, 607
192

188, 603
598, 601

194
104
140

18, 37
20, 62

62

19, 42
423, 425
192, 435
192, 434
192, 436
428, 432

190
182
438

192, 432
440
440

190, 437
160

fina cojimarensis- 14, 17, 20, 62
Baltoceras . 155, 165
Baltoceratidse 165
Barbourinella bermudezi 1 17, 23
basal zone 140
Bassleroceras 160, 169, 246, 247
Bassleroceratidae 155, 169
Batastoma jamesi 525
Bathmoceras 119, 154, 161, 600
Bathmoceratidae 156, 166
beak 99, 100
Beekmanoceras priscum_ 156
Bellevue member _ 192
Beekmanoceratidse 156

Armenoceras -._ _

uliuraettense
arcticum
arcticum angustum
brevicameratum
chicottense
clermontense
excentrale -
hears ti

iowaense .--

madisonense
49, 180, 182, 201, 603,

richmondense
46, 196, 603,

, sp. -.
vaupeli 45, 49

Armenoceratidffi
Arnheim formation —
Ascoceras
ascoceroid
Astacolus crepidula
Asterigerina carinata — . 14,

angulata
Astronion cf. stelligerum

1

Augustoceras 119, 419,
commune 10, 21
medium 21
minor 21
siphuncle
?, sp

, sp.

?, sp. (1) 27
shideleri.... 20, 21, 22

?, sp (2) ....27

?, sp. (3) 27
? vallandighami 30

Avaoceras
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Beloitoceras . -. 308, 317, 319,

amoenum
34, 36, 39, 40, 44 182, 200, 316,

354
CI. amoenum -

arcticum 318,

baffinense - - 309,

? baffinense _ -

breviposticum
bucheri 41 199,

carveri -- 309, 318, 320,

cha;Dparsi 34 2U0, 351,

clochense _. 300, 317, 318, 320,

cornulum —
? cornulum . —

34, 3«, 37, 199, 200, 352,

cf. cumingsi - . 39 202, 352,

discrepans -

fererectum -

( ?) fererectum
fragile 318,

ireniontense
geniculatum

35. -^ 199, 353,303

houghtoni -- - • - 318, 320,

huronsnse - 318, 320,

isodorus ^- 318, 320,

James ense
( ?) jamesense —
jancsvillense - 320,

cf. jancsvillense ^ -

landerense
lycum - - -

magisterium -— 318,

murrayi - 320,

norwoodi 309, 318, 320,

obstructum - 318,

ohioense
34, 3fi, 39, 199, 200, 352,

pandion _ 309, 317,

percurvatum - 309,

plebium -
popoagiense — —
protractum 35 199, 353,

reclinatum
achofieldi -

, sp. 39 199, 352,

transiens 34 200, 351,

ulrichi 37 202, 351,

whitneyi
Bermudezina cf. pariana 17,

Bickmorites - - - 107,

rarum -- 19 199, 5S2,

Bickmoritidse -- 171,

Bigenerina nodosaria
textularioidea 17,

Biloculina denticulata
striolata

ringens striolata

subsphaerica -^^. --

blade . -. . ^- --

Blanchester member . —

.

348 Boiivina aenariensis
multicostata 47

352 alata -.- 14, 19, 47
arta -- 19, 47

202 bierigi . - — - 19, 47

353 byramensis 48

318 limbata 49

352 niarginata multicos-

353 tata 14, 19, 47

365 pulchella 19, 47

351 rhomboidalis 19, 47

3G6 scalprata miocenica 1 19, 48

350 lubsriensis mexicana 19, 48

318 tortuosa 19, 48

352 Bolivinella folia .- 19, 45

359 folium - ^ 45

360 brain ..-. - 99, 100

352 brevicone -.- _ 105, 106, 141

353 breviconic . - - 105, 141

318 Breviconic genera of

351 uncertain position .- . 561

352 Bridgeoceras -. 160
brim ....._ „. 124, 125, 141

.371 Bromley shale 188

351 Buthkroceras ... 158, 160

351 bulette 141

351 Buliniina marginata 46

352 ovata —

.

16

318 cf. ovata 46

351 liulimini'ila pulchra . . 46

309 Burenoceras - 158

351 Buttsoceras 160, 592

351 C
352 cEecum ^ .„ 141
350 camera 141
351 cameral 141
353 cameral deposits . 130, 141

cameral gas . . .. 141
361 cameral mantle 99, 101, 141
351 C'arneroceras . 163
318 annuliferum 599
352 laberi . 182
351 (?) faberi 180
464 proteiforme 178
351 , sp 180, 182
318 Cancris sagra 17, 20, 62
362 Caseoceras 158
366 Cassidulina bradyi 20, 66
367 crassa 20, 65
352 laevigata carinata 20, 66
23 subglobosa - 20, 66

579 cf. parkerianus 1.. 20, 66
583 Cassinoceras explanator 162
578 Cathys limestone 189

Catoraphiceras 160
22 centrad 140

central canal 142
32 Centroonoceras
32 168, 169, 246, 248, 251, 253
33 Charactoceras . .196,197,198
140 baeri...... 180, 182, 183, 199, 200, 201
195 faberi 182, 200
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Chilostomella czizeki

Cibicidella variabilis
Ciblcidos candei

concentricus
herricki --

kugleri -..

lobatus _ 14,

nucleatus
perforatus ... ...
pseudoungerianus 15,

robertsonianus haitien-

15,spirolimbatus

circulus :

Clarkeoceras
Cla) kesville member
Clarkesvillia . - .510,

halel 44, 45 195,

Clavulina communis . . .

humilis m.exicana . .

tricarinata
Clelandoceras .

Clinoceras 248, 251, 252, 257,
Clinoceratidae
Clitendoceras
Colpoceras arcuatum

clai-kei . -...

concavosiphonate
conch 98,

conchial furrow
connecting ring 102, 115,
Conocerina .

Copiceras .,

Co rryV i 1 1 e

Cotteroceras
Cranoceras
crests
?Cristellaria antillea

Cristellaria antillea . .

bowdenensis
calcar
calcar aspinosa
cassis
clericii

crepidula
cultratus
falcifer
iota -

gemmata
italica

mamilligera .__

subm.amilligera
crop
ctenidia
Cumberloceras
Cuneolina ? angusta

14, IG,
angusta lata
cojimarensis _

pavonia -... _

20,
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cyrtochoanitic 124, 143

eyrtoconic - 105, 143

Cyrtogomiphoceras 511, 515, 516

Cyrtogoinphoceratidse — 515

Cyrtonybyoceras 598

Cyrtorizoceras 312, 315, 383, 397

arcticum — - 353

filosum 382

D
Dakeoceras 1^8

Danoceras 418, 473, 474, 477

anticostiense 478, 501

breve 502

brogger.i 502

bulbosum .-.. -- 19 192, 504

cooperi - - 478, 501

crater - - 10, 12, 192, 500, 503

cynthianense 16 188, 501, 502

gracile -

1°1

? gracile 43 501, 505

ravni 499, 501

scandanavicum 502

twenhofeli 500

Dawsonoceras annulatum 186

hammelli - 182, 233

Deiroceras 598

capitolense 189

nashvillense ISO, 189

Dentalina cf. baggi 18, 38

vertebralis 14, 18, 38

Diaphonoceras 160

Dieroceras python 618

Diestoceras „. - 249, 254, 418, 473, 475

alceum ^'^^

anticostiense — 478, 501

areuicolum . - 478

attenuatum
41, 199, 477, 478, 480, 491

betting 11 191, 481, 496

brevidomum 478

carletonense 478

clarkei . ...- - 479

cooperi 478, 501

cornellense 479

cyrtocerinoides 31, 40 201, 481, 492

e-denense 190, 481

? edenense 17 495

eos 36, 37, 39, 40, 41

180, 182, 199, 202, 477, 480

fremontense 479

gibbosum 479

indianense 38, 41

180, 182, 183, 199-201, 477, 480, 428

isotelorum 480

kirki 479

landerense — 479

maccoyi 479

magister 479

nobile - 478

occidentale 479

ornatuni .: _ 328
pupa 43 481, 498
pyril'orme 478
reversum 39 202, 482, 497
romingeri 479

scalare 477, 478

schucherti 478
ahideleri

40, 180, 182, 199, 477, 481, 489
cf. shideleri . . 41 202, 490

, sp. 196, 479, 481, 495

? cf. sp. - - 479
staufferi 480
stensioi 480
atoermeri _ .-. 480
strangulatum 478
sube,'lobosuni 478
tyrrelli ..- - 478
vagum - 478
vasiforme 39 202, 481, 498
walcotti - 479
•\vayncsvillense

43, 195, 477, 481, 494
whiteavesi 478

Diestoceratidse
169, 248, 249,294, 472

Digenuoceras _ 311, 385
Diphragmoceras 154
Discoactinoceras 598
Discorbis allomophi-

noides
bertheloti fioridensis 19, 54
cf. corrugatus 19, 55
cushmani — - 55
fioridanus 19, 55
mirus 19, 56
cf. obtusus 20, 56
orbicularis 14, 20, 56
pileolus 20
cf . pileolus .— 56

Discocorus 518
austeni 518

Discosoridae 517
Discosoroidea 170, 506
dissepiments 127
distad 143
Dolorthoceras 213
Dorothia caribaea 18, 24
dorsal 143
dorsal furrow 143

dorsum .- 143
Dowlingoceras ornatum.. 328
Dresseroceras 160
Dwightoceras 160
Dyocibicides cf. biseri-

alis 21, 76
Dyscritoceras 160

E
Ecdyceras 272

foerstei 7 194, 272
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190 eurysiphonate ._ 145, 153
158, 159, 245 cxogastric 108, 145

160 Exomegoceras 311, 385
189 eyelet . . ^ 116,1.15
313

17,
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menaridiii miocenicra
_ 1, 14, 17,

truncatulinoides
Globotruncana, sp. -

Globulina gibba — -

Glyptodendron
Gomphoceras . - 104,

acceptum ^ - -

cincinnatiense - 176,

eos 174, 175, 177-170,

faberi .-. - 17<3-179,

hector
indianense 177-

prinium —-

jyomphoceroid —
Gonioceras .-

lambei —
G'Onioceratidse -.- - .

Goniotrochoceras
twenhofeli

Gorljyoceras
sp. aff. calvini

.-..,3, 199,

clintord . - -

crossi
3. 4, 5, 6, 201,

7, 194,ciirva', urn -.

duncanje
3, C,

Sorbyi 4, 6, 183,

hammelli
3, 4, •>, e, 7,

199, 21G,

199. 201,

20,

20,

20.

510,

108,

175,

179,

182,

183,

179,

lor^

104,

214,

217,

217,

226,

217,

217,

70
71
70
41
514
146
182
183
485
317
185
183
480
14(1

598
609
598

582
225

240
226

231
241

238
227

183, 201, 217,

199,

247,

[:>

IG,

jniicrolineatuni

.simile

Graciloceras . -

extcMisum 42

Grc'endn!;? litr.edtone . -

g-rowth relationship .

Guttuliiia cf. lactea

lac tea Ktirlandi

Gypsina globulus
•globulus jiilaris

pilaris
vesicular is

cf. vesicular!;;

gyroceracone
gyroceraconie
gyroceran
GvrocGriU
"haeri 178

Gyroceratites
gyrocone —
gyroconic - - -

Gyroidina cf. soldanii ..

H
Haddonia minor —,—..--

, sp. . - 16,

217,

253,

19

16,

17,

17,

105.

i;)4.

179

20,

18,

243
242
255
255
188
138
41

, 41
77
77
77
21

77
106
105
105
108
,183
108
105
105
57

16
33

Hallopora ramosa rugosa
, . 577

Hammelloceras 266, 236
hammelli -- 233

Kaplostiche dubia 28
dubia dubia - 16

soldanii _ 16

head 100

lieart _ - - - 99, 101

Hebeoceras - 248,252
Hercoceras 104

lierkim.eroceras 473, 474
Holochoanites -- -126, 146, 151

holochoanitic - - 119, 121, 126, 146
Homotrema cf. rubrum _. 21, 77
Iluronia — 598
Huroniella — 598
Huroniidse .. — 598
Ilyperoceras -473, 499, 500
twenhofeli 500

hyponome — 99, 101

hyposeptal 131

Hypospyroceras .^ 215
I

impressed zone 106, 107, 146

intestine - 99, 101

intracameral deposits ... 147
K

Karreriella mexicana — 22
Kentlandoceras - 313
Kindleoceras 419, 424, 445
cumingsi 26 201, 448
equilaterale .. 26 200, 449
kentuckiense 16 446
rotundum 26 201, 447

Kochoceras 597
L

Lagena hexagona scalar-

iformis 18, 40
cf. raarginata 18, 40
marginato-perforata _. 18, 40

Lagenonodosaria, sp. 18, 38
Lamarckina atlantica 20, 57
Lamheoceras . 298, 300, 598, 600, 609

acutilaterale 610
arcticum 610
boreum - 610, 615
confertum 610, 615
cf. confertum - 610
cultratum 610, 615
lambei ..— 610, 615
landerense — 611, 616
leveannulatum 611

( ?) leveannulatum 300, 302
magnum — 611, 615
nudum 611, 615
cf. nudum - 611
peculiare 611, 615
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pi-inceps _ 611, 615
cf. princeps 611
richmondense
47, 48, 184, 196, 199, 200, 611, 612,
614

Landeroceras 615
Laphanioceras .- 404, 408

schofieldi _^ 408
tenuistriatum - 408

lateial angle _ 147
Lawrensoceras 160
Leipers . .. 191
Lenticulina bowdenensis

14, 17, 18, 36
Lenticulites rotulata . 35
Leptocyrtoceras 160
Leurorthoceras 598

anticostiense — , 584
Levisoceras 157, 158, 160
Liberty formation 195
Licbusella soldanii ...14, 16, 18, 28
Mgne normale 112, 147
lirse 147
Listerella nodulosa 18, 24
Lituites 106
ammonius 177, 183
baeri 177, 183
circularis 177, 183
planorbiformis 177, 183, 185

Lituola soldanii 28
soldanii intermedia ... 28

liver 99, 101
living chamber 97, 98, 147
lobe 147
lobes 113
Loganoceras 313
Lower Whitewater 197
Lowoceratidje 517
Loyostomum limbatum

castulata 19, 48
lunette . 147

M
Maelonoceras 310, 316, 317, 318, 368

billingsi 317
praematurum 309, 317, 318
reclinatum 351

Maolonoceratidae 316
Mnnchuroceras 164
Ivlanitoulinoceras

88, 313, 419, 424, 450
canadense 453
erraticum 23, 24 200, 465
eyroforme 23.. 200, 464
(?) irregulare 182, 195, 470
key 455
lysander _ .182, 450, 453
s;p. afT. medium 195
iiiiddlevillense . 453
inodcratum 199, 200, 201, 202, 453

postumius
? sp 25
tenuiseptum

24, 25, 182, 194,
? trigonale 24
ultimum . 23,
? warsawense
williamsas . 25 182, 194,
wykoffense ...

mantle - .. ,.

Massilina crenata
Maysville group
Mc?«Iicken
?./IcMillan formation
.'^Icqueenoceras
Megadiscosorus .

Melia cincinatse 86,
?/Ie!oceras _..

Meniscoceras ..

Metaspyroceras
clavatum
gaspense .. . ._

Miamoceras . .

shideleri 42
M'chelinoeeras clarkes-

villense
cf. clarkesvillense
clarkesvillense var.
distans
? ivorense _.

ludlowense 183,
sp. aff. ludlowense
, ap. -

Miliolina transverse-
striata

Millepora rubra
Minganoceras
Mixochoanites 151, 169,
key
sexual dimorphism
stratigraphic range ....

Monogonoceras
Montyoceras . .248,
Mount Auburn
Slount Hope .. _

Multicameroceras _

mural .

r.turai deposits
nmral part of septum .. 112,
Murrayoceras _
rau.scle impressions

N
Naedyceras
Nanno . _,

noveboracum _ _.

nautilian
nautilicone

.,
''''>",.

7i3ui!liconic .

nautiloid morpholc
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Nautiioicica -
^

213

Nautilus -- 96, 99, 104, 108

aduncus -

^^

37
42
38

124, 125, 147
147

calcar - —
crepidula -

pompilioides
vertebralis .

neck
neck, septa!
nephridia 99, 101

nepionic bulb
_

l"*"

Meumatoceras . -- 308, 320, 3G9

broviposticum - __ 321, 353, 371

canyonense — 321, 371, 37G

cf. canyonense 321, 371, 374

chrysalis -- - 47 199, 371, 377

conicum .
^'^1) •^'^'^

contractum 321

dartoni 371, 374

gibberosum — - 321, 371, 374

42

latilineatum
( '!) milleri
nutans
percense -

, sp. -.-

striatum
subconicum
tuinid'um - .

Nodosaria communis
peregrina
vertebralis

Nonion grateloupii - 14,

nicobarense — -

pompilioides 14,

Nonionina bulloides
grateloupii
sphaeroides
stelligera . -

Nummulites ramondi -

Nybyoceras

71, 374
371, 375
321, 371

371, 375
371

371, 374

covingtonense 38 327, 330

( ?) curvicameratum - 309, 318, 327

delicaluluia 34, 194, 201, 328, 344

douglassi 317, 320, 327

duncana> . 33, 39, 201, 328, 344

clkhornense 33 328, 347

exile . . 34, 40 201, 328, 341

faberi 19, 37, 183, 193, 328, 337

lererectum - - 353

foerstei - 12, 18, 301), 327, 335

fos.atum .... 37 188, 327, 329

insuetum - - - 38, 39, 38(3, 390

inndisonense 41 328, 346

ornatum - 328

(?) ornatum .- - 309

pandion 317

parvum . 309, 327

pristinum 317
pupceiornse 326
, sp. 42 188, 193, 327, 331, 371

? sp. - - 19, 337
? sp. 37, 341
tctreauvillense 320, 326
tumidum - . 321

Oncoceratidse
SB, 1G9,

199^ 379 oneoceroid

321 Oncoceroidta
Oneotoceras
Onyehoceras
Ooceras
Ooceratid32
Oonoceras . .

acutum

248,

16,

19,

19,

19,

39
39
38
42
42
42
67
42
67
42
16

598

O
Oelandoceras
oesophagus -.

Ogygoceras
Oncoceras
abruptum
anomalum
arcticum .-

arlandi

158, 165
99. 100

_ 159

308, 316, 317, 320, 322
.„_.. 317, 326
... 44, 200, 201, 328, 343

318
17, 192, 309, 327, 334

? brevidomum
covingtonense .

curvi septa turn

fennemani
gracilicurvatum
multicameratum
obstructum
planiseptatum
rectidomum
rejuvenatum
shideleri . .

219, 291, 307, 31(3

148
293
1.58

160
316
316

311, 31C, 319, 381
188, 382, 386, 389

188
189

. 15 189, 386, 387
35 200, 386, 390

-188, 386, 390
188, 382, 386, 389

353, 382
188

. 42 199, 386, 395
. 35 200, 386, 393

200, 386, 391

bassleri 13, 19, 192, 327, 332, 371
carletonense . . . .309, 318, 326
carlsoni 188, 327, 328
carveri 318
casei . ... .. 320,326
cincinnatiense

37, 180, 183, 193, 317, 328, 339
collinsi .... 309, 320, 327
constrictum 309, 317, 326 ort'hoceran"

suborthoforme .188, 386, 390
triangulatum 188, 382, 386. 390
triangulatum var. cyl-

indratum . 188, 382, 386, 390
Orbiculina adunca .

compressa . .

Orbitolina vesicularis
Orbulina universa 15,
Ormoceras

covingtonense
hitzi

tenuifilum
orihoceracono 105,
orthoeeraconic

16,
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Orthoceras
albersi 177,
amplicameratum 176,
annellum
anellus —
annellus
annulatum , .176,

bilineatum .._

bilineatum-frankfort-
ense
byrnesi

173, 174, 176, 178, 179,

carleyi .- 174-176, 178,

cincinnatiensis
173-176, 178,

duseri 94, 174-176,
dyeri 173, 175, 176, 178,

fosteri 173-176,
gorbyi 177, 179,
hallianum 174, 175,

halli 173, 174,
hammelli - 179,
harperi 173-176, 178,
hindei 176,
hitzi

junceum — -. . 176, 178,
ludlowense 177,
meeki 173-176,
niilleri

nohri 173-176,
olorus - -
orfconi 173
tenuifilum
teretiforme
transversum ..173-176, 178,

trentonense
lurbidum

174-176, 178, 180, 184,
Orlhoccratidae
Orthochoanites 126, 148,
orthochoanitic
orlhocone
ortlioconic ... .

Orthorhynchula linneyi
Orygroceras

104,
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Pyrgo denticulata —

-

denticulata striolata -

subsphjerica —
Q

Que'oecoceras — -

Quinqueloculina collum-

nosa - — -

lamarckiana . 14,

cf. pananiensis
parkeri bowdenensis -

philippi - --

cf. philippi
polygona - —
cf. polygona
tenuis -

-

R
radial canal - •-

radula -

Rarnulina globulifera .

Eaphanulina gibba - . . 14,

Rasmussenoceras . 298, 300,

leveannulatum 300,

oweni .- --

schofieldi -

, sp-

variabile . - - 50 199,

xiphias - — -

Rayonnoceras .

Reedscctras nicfarlani . -

reproductive organs
ReusBslla spinulosa .-.-

spinulosa var. 14,

Rliadinoceratidffl
Richardsonoceras ..

.

beloitense - —
? clarkei --

? falx - - ---

romingeri . .- —
schofieldi

simplex .

Richmond subseries -

Rizoceras --- 312,

? atlanticum
bellulum 21 197, 199,

? carletoncnse
conicum . . .

188,

? coronatum
g-raciliforme — 188,

?infundibulifornie
? lockportense -. - .

pociliforme -. —
Rizoceratidaj
Robsonoceras -

Robsonoceratidae -

R,obulus calcar - - 14, 16,

rnlcar aspinosa 17.

clericii

cultratus - — —
falcifer -

32

18, 32

18, 33

160

18,
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Textulariella barrettii

14, 16,

rhomboidalis - --

sica

t ransve rs ia
trochus -

Thornloe limestone, new
formation name

Tiiuleoceras
Tinoporus pilaris

tongue -

Treptcceras — —

-

183,

albersi - -

duseri —

-

hitzi .... —
perseptatum
persiphonatum — —

.

praeniintium
, sp 191,

transversum
troosti

Tretomphalus atlanticus
Triloculina brongniai-ti-

ana . ... 17,

carinata
linneiana .—
linneiana caloosa-
hatchecnsis
quadri lateralis
transversestriata .—
tricarinata 17,

Trinucleus lim?stone
Tri pie uroc eras _

Tripteroceras
hastatum
planoconvexum
richmondensis

Tripterocerina _

trochoceracons
trochoceran
Trochoceras ...

baeri 173,
trochoceroid 105,
Trocholites ammonius —.175,

circularis

174, 175, 177, 178,

dyeri
faberi
minuseulus

174, 175, 177, 178,

sp .- 183.

Trocholitidae
Troedssonoceras

ISO, 59S, fiOfl.

baileyi 618,
niultiliratum

51, 191, 619,
cf. multiliralum . 52, 192,

18,
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Virgulina mexicana . .

punctata
visceral panglia
nass ^ —

-

Vulvulina alata -

gramen

W
Walcottoceras
Waynesville formation ..

Wanwanoceras
V/ostonocsras 510, 511,

? askerense ..

? conlractum - -—
decker i

gouldi -

greggi _
iov/onse ..

latum - -

manitobense
minnesotense - —
nelsonense
ornatum
? r.rloni -. -- 182, 190,

putnami
? rallsense -- -

? septentrionale
Westonoccras, sp. 19
tumidum . .-

ventricosum ^ 11, 16, 182,
Westonoceratidae
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