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INTRODUCTORY REMARKS.

If, in general, it is a hazardous undertaking to describe pala30zoie fossils, whicli,

as a rule, have only a few recent congeners, with which to be coinpared, it is tlie

more so in regard to the fossil Gastropoda. Every zoologist is no doubt fnlly aware

of the great difiiculties, that surround his investigations, whenever he endeavours to

make out the aflinities and systeinatic place of fossil Gastropoda in general, and espe-

cially so of those of the pala30zoic era. There is indeed not much in the often distor-

ted shells to guide him. The microscopic structure — if there ever has been anything

characteristic in it, which so seldom is the case even in the recent ones — is almost

invariiibly destroyed or changed into a homogenous crystalline, calcareoiis spar, nor

are there usually any traces left of the muscular impressions, which are peculiar to

some few fauiilies. Moreover, what the naturalist in his study of the fossil shells has

to grapple with, is the same as if he had to describe recent shells only from bleached

and worn specimens cast ashore along the borders of the sea. There is indeed often

evidence that several of the Silurian fossils of Gotland and consequently also the sLells,

had been rolled and tossed about in the sea before being embedded in the strata,

which, according to all appearance, are nothing but beaches or deposits in shallow water.

Moreover, when once fossilized they have of necessity shared in the vicissitudes, which

afterwards befell the rock through metamorphic agencies, being changed as to struc-

ture, often deformed through pressure as to their exteriör shape, worn and eroded,

and consequently deprived of the fine ornamentation of the . surface.

In almost every instance, the investigator has thus only the external shape of the

shell, as it is, whereupon to found his conclusions, and we know how very little the

empty shell informs us regarding the real nature of the animals, and how delusive,

even amongst recent forms, the exteriör shape can be. It may here suffice to cite

an instance lately brought forward by J. CarriÉre.

In a paper on »Marginella glabella L. und die Pseudomarginellen»^) he relätes

his observations on two species of Gastropoda belonging, according to the structure of

1) »Zeitschrift fiii- wissenschaftliche Zoologie Bd 37, 1882, p. 99.
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the inollusca themselves not oiily to dittereiit genera, hut even to dilferent fiiniilies.

They had assumed, as it were, exactly the same sort of investtnent or shell as tlie true

Marginella glabella, only differing in trilling and easily overlooked details, so as to

Oms värd'

''oburnJSundi

Sketck Mup of Gvilatid showtut/ the pi incijial localdies.

have been considered till now as of the same speeies as the last mentioned. What in

reality are three different speeies, not even appertaining to the same genus, nor to

the same family, had thus been regarded as one and the same speeies, until the ana-

tomical structure of the animals revealed their fundamental dissimilarity.
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In spite of tlie certaiiity of luany unavoidable failiiigs and shortcoiuiiigs, wliicli

as pointed out abovc, foUow from tlie iiature and conditions of the material, I ventu-

red to take up this study wlieii it was found how unexpectcdly rich and vai-ied were

the forms entoml)ed in tlic Siluriari strata of Gotland, and tlianks to tlie inuniiicence

of the Ro)'al Swedish Academy of Sciences it has novv been brouglit to its conclusion.

Though fragmentary in many respects tliis niemoir may serve in some degree as a star-

ting point for future labours in the same field.

Silurian strata of Gotland.

Before entering any further into the minor details of the composition of the

Gastropodan Fauna, it may be proper to survey the physical conditions, in which

the shells are found, as the strata, rocks and localities and also to inquire into their

general faunistic characters. Through the classical researches of Hisinger the general

features of the geological constitution of Gotland were very well known ; but it was not

until the visit of Sir Roderick Murchison to the island in 1845 that the position

of its strata was interpreted according to the researches, which were then carried on

in other parts of Europé and especially in England by Murchison himself. After a

stay of a few days, chiefly on the west coast of the island, he proclaimed the strata as

Upper Silurian and arrived at the conclusion that they were to be subdivided into

three groups, corresponding to the English Wenlock, Aymestry and Upper Ludlow, and

that in fact the southernmost point with its substratum of sandstone was the youngest

division, in direct opposition to Hisingee, who considered the sandstone as the oldest

of the whole of the strata and underlying them all, though hidden from view north of

Bursvik. The conclusions of Murchison were adopted by Friedrich Sciimidt, who fol-

lowed up his researches and gave a more complete description. He also divided the

island in three groups: Northwest Gotland or the Wisby Zone, Central Gotland and South

Gotland, subdividing the second or Central Gotland in two beds, that of Pentamerus estho-

nus and Pent. conchidium, a division which cannot be upheld as Pent. conchidium oc-

curs beneath P. esthonus as well as above it and moreover is restricted to vei"y narrow

limits within the large zone he has assigned to it. lie assumed the strike of the strata

to be N. E. and S. W. and their dip consequently from N. W. to S. E. His three

groups form oblique belts across Gotland. He, as well as Murchison, had only pahi?on-

tological evidence to adduce in favour of his opinion. Murchisons, and consequently

also Schmidts views have been contested, amongst others by Ferd. Roemer and Hel-

mersen, and it is highly probable that their mode of viewing the stratification of Got-

land is more consistent with the real state of the facts than that of the former geo-

logists. As Roemer and Helmersen have already demonstrated, there are neither stra-

tigraphical nor palaBontological evidences to support the views of Murchison and Schmidt.

If, as the latter authors hold it, the shale along the west coast of Gotland belongs to at

least two divisions, namely the beds around Wisby to the Wenlock shale and those south of

Klintehamn to the Lower Ludlow, the superposition of these strata above each other

must of necessity be seen somewhere. But as to the shale beds of Wisby they can be
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followed without interruption all ulorig the coast from Hallshuk, in the nortli, to Gni-

svärd, south of Wisby or for ti length of nearly 6 Swedish or 36 Eriglish rniles. At
Gnisvärd, Avhere the fossils are already, with regard to several species, identical vvith

those found plentifully at Westergarii, the strata are obscured for about an English

mile and a half by accuinulations of sand and then again the same shale beds reap-

pear horizontal as before and continue with a few breaks to the vicinity of Klinte.

It is highly improbable that there should be any traces of superposition of the strata

of* Westergarn and Klinte above those of Wisby on the narrow belt covered by the

drift. The shale beds of Westergarn whieh have so miich in common with those of

Wisby are combined with the shales of Eksta and Habblingbo through the shale beds

of vStora Carlsö. As I have shown in a former paper ^) the beds of Westergarn and Stora

Carlsö are absolutely identical, having not only a great percentage of species in com-

mon, but these species are also of exactly the same varietal habitus. Further, there

is no doubt that the shale of Stora Carlsö is in direct continuation with the shale of

the nearest, opposite shore of Eksta and that this again is combined with the shale of

Habblingbo. We have thus a continuation of shale beds along the coast for a length of

nine and a half Swedish miles or 57 English ones. But these beds spread also, as can

easily be seen in nuuierous sections, far inland under the limestone beds. The shale of

Petesvik in Habblingbo can be traced from the shore upwards for a Swedish mile, to

the saw mill of Alfva, having there reached a height of 80 feet. Quite the same sort

of shale is again met with in Fardhem, where there are sections in several places

and the shale retains nearly the same paheontological character as at Habblingbo.

The same form of Rhizophyllum Gotlandicum has been found in both localities.

But in Fardhem the shale begins to contain particles of mica and quartz in greater

abundance than elsewhere and in fact partially to cbange into something intermediate

between shale and sandstone, and this gradual transition can be followed, as it were,

step by step along the road leading from Fardhem to Rone where the lowest stratum

is found to have been completely changed into sandstone. This predorainates along

the shore towards the north for nearly three Engl. miles, now and then changing into

patches of shaly limestone and at last passing into shale, as I remarked as long since

as 1857^). South of Rone, again, it is connected with the sandstone beds of the southeru-

most Gotland. The sandstone beds there and the shale beds of the north of Gotland

thus belong to quite the same geological horizon and gradually pass into each other.

But, as now the shales of Central Gotland lie under the hills of Klinte, Sandarfve and

all other limestone beds there, the limestone hills of Hoburg must be considered as

detached outliers of that central limestone plateau, with which they have in common
many characteristic fossils, though separated from it by a wide region, where the upper-

most beds have disappeared through denudation. A distance of nearly four Swedish

miles intervenes between the northernmost hill of Hoburg and the nearest point north-

wards near Burs church, where the limestone is again found. Between the lowest stratum

of shale and sandstone and the uppermost limestone, commonly called crinoidal limestone,

^) »Anteckningar om silurlagren på Carlsöarue» i Öfvers. Vet. Akad. Pörhandl. 1882, nr 3, p. 5.

2) Öfversigt Vet. Akad. Förhandl. 1857, p. 33. «Till Gotlands Geologi».
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strata of thinbedded limestone and shale are intei'posed, north of Grötlingbo and Rone, and

they pass gradually upwards into the more uniform, härd crinoidal limestone. In the South

of Gotland again, wherever the sandsfone prevails, the intermediate stratum is oolite.

According to what has now been adduced, we have, from their petrographic cha-

racter, three strata viz.

1. The oldest shale or sandstone stratum, in the following signed a.

2. The laminar limestone, intermingled with shale in the north, beds of oolite or

pisolite in the south, signed b.

3. The highest limestone; covering all the other strata, signed c.

Along the east coast of Gotland this succession of the strata is somewhat ob-

scured through frequent dips and contortions of the beds. In how far thesc three

different strata can be well distinguished by their faunas, is at present, when so few

groups have been raonographically worked out, too early to decide and cannot be finally

settled until the rich Silurian Fauna of that island will have been described through

all its classes.

Regardinff the chief characteristics of the different strata the followinff remarks

may serve.

Stratum a. The thickness above the sea is extremely variable, owing to the

many curvatures and domeshaped folds into which it has been thrown. Near Halls

huk the shale is 50 feet thick, in Fardhem at Burge again it is found at 70 feet

above the sea level and at Alfva saw mill even at 80 feet. But it is probable that

its total thickneas is still larger, as shale beds are met with in Follingbo at a height

of more than 100 feet. The bottom of the harbour of Wisby at a depth of 20 feet, has

been found to consist of shale, and consequently this rock attains there at least that

amount of thickness below the level of the sea. Owing to the curvatures in this

stratum it is, however, very questionable whether these 20 feet are to be added to

the amount found in Follingbo. The sandstone south of Bursvik is not by far so

thick, only 20 feet at the inost. But the mäss hidden in the sea is probably far

thicker, as, owing to the southeastern inclination of the strata, only so little is visible.

Fossils are found cast ashore on Norderstrand near Wisby, enclosed in a soft, red

marly limestone. They are partially of the same species as in the gray shale but also

of characteristic forms. There is a low depressed variety of Goniophyllum pyramidale,

Phacops elliptifrons, a small Caraerella, but also Arachnophyllum typus which never

occurs in any higher stratum. This red marl is in all probability the basis of the oldest

and lowest shale beds of Gotland and to be found in situ deeper in the sea, from where

fragments are thrown up. Hitherto the oldest shale beds have only been found north

of Wisby. Through the presence of Stricklandinia lirata, Euomphalus Gotlandicus, Pleu-

rotomaria qualteriata var. and a species of Harpes, only found there, they announce

their age as Upper Llandovery. Stricklandinia does not occur higher up in the shale

beds. The beds above its zone, as well as the sandstone in the south, may be regar-

ded as of Wenlock age. Sections of this stratum are also seen in several places on

the east coast of Gotland as at Slite, Östergarn, though raixed up there with bands

of härd crystalline limestone.
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Fossils have been found in the shale <ind sandstone beds, which long had been regar-

ded as distinguishing the Upper Ludlow rocks. Such are Phacops Downingiai, Homa-
lonotus etc. But this must not detain us any longer, as also in England, according to

the last editions of Siluria., the Ludlow beds have very few species, which are not also

found in older strata. Homalonotus and Chonetes striatella, once supposed to be so cha-

racteristic and exclusive, are now also found in the lowest Wenlock beds, both in England

and Gotland. It cannot, however, be denied, that there are rnany circumscribed fau-

nistic areas, as for instance in the shale along the west coast from Westergarn to

Petesvik, including Stora Carlsö. Within this region there can be discerned at least

four different facies in the distribution of the fossils, of which I have given detailed

lists in the paper above cited^). Although there cannot be the slightest doubt that the

shale beds of all these localities, as stated, lie on the same level and are coeval, the

stränge fact is obvious that the beds of Stora Carlsö have a fauna identical with the

shale of Westergarn, which is a Swedish mile and a half distant. The fauna of Eksta

at Djupvik is distinct with regard to its composition as well as its features in the

comnion species, from both Westergarn and Petesvik in Habblingbo, but farther inland,

at Fardhem, species from both Habblingbo and Eksta meet in the same bed. So again

the fauna of Westergarn is distinct from that of Wisby, though both have species in

common not raet with anywhere else, as Leperditia Hisingeri, Lindströmia Dalraani,

Oriostoma Roemeri and others. But, upon the whole, stränge as such dififerences in

nearly situated localities may seem, when they cannot be accounted for through

changes due to time, they may, nevertheless, find their counterparts in other strata, as

well as in the sea as it now is, where differences in depth or in the mineralogical nature

of the bottom, cause contiguous regions of the littoral belt to differ in their faunas.

Stratum b. In northern and central Gotland a stratum of thin limestone flags

interstratified with seams of coarse marly shale succeeds the stratum a. It attains a

thickness of 70 feet, though at many points much less. Above the sandstone in the

south of Gotland this rock is changed into coarse pisolite or oolite with a thickness at

the highest of 20 feet. The change from limestone to oolite can be traced almost as

gradually as that from shale to sandstone. The banded limestone reappears above the

oolite in the section of Hoburg.

The stratum c, commonly called crinoidal- limestone, covers almost the whole

of the northern and central part of Gotland and, being denuded away över a large

tract, between Burs and Sundre, it forras again the numerous hills around Hoburg.

Its thickness amounts to at least 150 feet, measured from the steep cliffs of Lilla

Carlsö, but owing to denudation it is seldom so considerable. The total amount of

the Gotland strata then ought to be about 340 feet. Now the highest point deterrained

lies 261 feet above the sea, according to Steinmetz, near Rosendal in FoUingbo, and

there are thus nearly 80 feet unrepresented at that point.

As may well be imagined, this uppermost stratum is highly variable as to its struc-

ture and organic remains. In some parts it well deserves its navne of crinoidal lime-

') Silurlagren på Carlsöariie png. 17.
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stone in eonsequence of its richness in reraains of Crinoidea, chiefly their stems and joints

of stems. But in addition to tliis, there are also other beds of limestone, which from

analogous reason have been denorainated corallian limestone. This, Iiowever, is only par-

tiallj^ true. With equal reason large portions of tlie limestone might be called Ox'thocera-

tite limestone or Bivalve limestone or Trimerella limestone or even Gastropodan limestone,

being then nothing else than a breccia of these shells. It is indeed sing-ular that the

remains of one group of animals should predominate över all others in several beds.

So for instance the fine grained limestone of Follingbo near Wisby consists largely of

shells of Cephalopoda and the same is the case with the rich quarries of Samsugn,

where Cephalopoda, somewhat mixed up with Gastropoda occur in enormous quanti-

ties. In other localities again shells of the Lamellibranchiates are the chief components

of the rock. The largest of all Silurian bivalves in Gotland, Megalomus gotlandicus

forms in thousands of specimens extensive banks, that stretch from the shores of Fårö-

sund in the north across the island to the immediate vicinity of Wisby and also along

the east coast at Ostergarn and along the shores south of that parish. The oolitic strata

near Bursvik contain almost only shells of Lamellibranchiates in great numbers of species

and specimens and a similar deposit of the same richness of identical forms occurs

further towards the north at Gothems hammar. At Bursvik and southwards to Hoburg

there lies along the coast a bank, half a foot thick, of Pterinea retroflexa and besides

several smaller.

Then there are localities where the chief mäss consists of Brachiopoda, especially

of the genera Pentaraerus and Trimerella, the former within more circumscribed limits,

the latter as a true rockbuilder across the island in a belt from north east to south

west. The occurence of the Gastropoda is given below. At first I shall only enume-

rate the different localities, where they have been found, with some few remarks

concerning the geology and palteontology of their strata.

Localities in the strattim a.

Wisby. Shale beds north of that town and along the shore to Halls huk and

round that cliff a small distance south in the baj' of Kapellshamn, where they disap-

pear beneath the sea.

Gnisvärd, a place south of Wisby to which the shale continues, rich in Brachio-

poda, partly common with Westergarn and partly with Wisby. A few Gastropoda

common with Wisby.

Westergarn. Low shale beds, uncovered along the shore line, rich in fossils,

finely preserved. Pleurotomaria labrosa and bicincta are often found here.

Stora Carlsö. The shale beds are well exposed along the east and west coast,-

chiefly rich in Corals and Brachiopoda.

Djupvik in Fröjel and Eksta. There is a long stretch of the coast comprised under

this denomination from the northern shore of Skäret in Fröjel to the shore south of

Djupvik, being of almost the same soft, blue shale filled with a large number of fossils

K. St. Vet.-Akad. Handl. Bd. 19. jS':o 6. 2
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of all orders. It is interrupted b)" the peculiar »calcareous shale» (kalkstensskiffer

Hisingee) which, intermingled with sandy slates, occupies the shore around Skäret and

contains a great nuniber of curious tracks, besides fossils of a fauna distinct fi^om that

of the neighbouring shores.

Habhlingho. Along the flat shore of Petesvik a härd, blue shale, containing

more limestone than those in north, is spread out, filled with Brachiopoda and also

other shells. The highest point of this shale is further inland aboiit one Swedish

mile, 80 feet above the sea.

Fardhem. A section of micaceous shale is seen near a saw mill at Burge

with fossils partly characteristic of Djupvik and partly of Habblingbo. Amongst the

latter raay be remarked the interesting Rhizophyllum Gotlandicinn. In the same

parish of Fardhem there is an extensive cana'1 cut through a moorland, M'isne myr,

lying open a fine section of the shale for nearly half a Swedish mile. The fossils it

contains are very interesting, as species here meet with each other which were long

considered as exclusively characteristic of widely remote localities and thus give addi-

tional support to the supposition that all shale beds are coherent and of the same age.

Such are Phacops Downingias, also from the sandstone and oolite of S. Gotland and

from the limestone bed b of Wisby, Tremanotus longitudinalis also from Wisby a,

and the sandstone of Bursvik, Orthis canaliculata formerly from ihe eastern strata of

Gotland, Burs etc, Strophom. funiculata, the same variety as in Habblingbo, not Eksta,

Chonetes striatella, Pisocrinus ollula found in the shale of Petesvik, Pleurotomaria

planorbis His. which is so abundant at Östergarn, the initial colony of Labechia or a

kindred coral quite the same as that found on the same level at Slite.

Bursvik and Hohurg. The sandstone with thin seams of shale or clay, as de-

scribed by Hisinger. The fossils are scarce, mostly of the same species as in the

oolite above. The few Gastropoda found are well preserved with their shell.

Bone. Sandstone and shale along the shore.

Östergarn. Shale beds, on compact limestone, with Chonetes striatella and Atrypa

didyma.

Slite. The lowest shale beds alonar the shore.o
Hallshuk. The lowest beds there and for a while to the south along the west

shores of Kaoellshamn.

Stratum b.

Wisby. The limestone with interstratified shale in the neighbourhood of the town,

Avell developed at Snäckgärdet, Skälsö, Wibble qvarn. Högklint and some localities

along the coast northwards to Likkershamn, where also many fossils have been found.

Westergarn. On the fields farther inland, above the shale, scattered fragments

of this stratum can be found.

Länsa on Fårö. Limestone and shale beds along the shore.

Slite. The median beds in the sections near the coast.

Boge. South of Slite in ditches along the road and in the cliffs near Klinte.

Ruthe. A canul leading from Stor myr is cut through strata of this group.
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Gothemhammar. Beds of fine grained, nearly oolitic limestone with an abundance.

of shells of Lainellibraiichiates, the same as found in the oolite of Bursvik. Fine spe-

cimens of the large Murchisonins have also been found here.

Dalhem. Ålong the brook near Nya Slitegårds a good section is laid open, rich

especially in Brachiopods.

Kräklingbo. Marly limestone near the shore with the same fossils as at

Ostergarn, where the limestone b is nodular, compact and gray.

Stora and Lilla Carlsö, where the strata are filled with corals in regular bands,

each species apart from the others.

Lan. A declivity east of the church consists of beds of marl and limestone and

is very rich in finely preserved fossils.

Grötlingbo, Näs and Bursvik. Beds of oolite and pisolite of variable thickness.

Fossils much eroded and worn, the Lamellibranchiates extremely abundant and well

preserved.

Hoburg. Above the sandstone oolite is resting, at first sandy, and afterwards more

compact and not so rich in grains of oolite as further north. Limestone beds follow

above this with seams of shale, containing Crotalocrinus, Labechia, Pentaraerus galeatus,

Orthis rustica, Strophomena euglypha, St. filosa, Orthis hybrida, Rhynch. deflexa, Me-

ristella tumida. Two peculiar forms of Gastropoda have been found here.

Stratum c.

Lutterhorn on Fårö. Low cliffs of crystalline, grayish limestone with Oriosto-

inata and Tryblidia.

Wialmsudd on the northwestern shore of Fårösund, härd crystalline limestone

replete with Cephalopoda, Gastropoda and Trimerellte. Near to it, farther inland, is

a place Sandvik with the same fossils.

Slite. The uppermost limestone beds are rich in fine shells, especially in seams

or vertical fissures filled with marl. Partly a breccia of small, coraminuted shells.

Samsttgji. In the extensive quarries of the limestone a great nuraber of Cepha-

lopoda, Gastropoda and Lamellibranchiata are found.

Hall. A canal near the farm of Westös has been cut through bluish, nodular

limestone, rich in finely preserved fossils, especially Oriostomata.

Halls huk, Bara, Ardre and Östergarn, Klinte, Wishy, the top of Carlsö, are all

localities nearly resembling each other lithologically, though their fossil contents differ.

Follingbo, Storioede. The limestone which is extensively quarried, varies very much

within short distances, being in some places coarsely crystalline Avith many remains

of crinoids, in others again of the finest texture resembling lithographic stone. The

last mentioned variety consists mostly of fragments of Cephalopoda, with some few

Gastropoda interspersed.

Wisbg (Kyrkberget, Kålensqvarn). A gray, soft limestone, especially rich and

replete with remains of Gastropoda.
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Martebo a peculiar, yellowish soft liinestone near Myre, rich in Oriostomata and

their opercula.

Fardhem and Linde. Some isolated hills as Sandarfve and Linde kullar, partially

consisting of crystalline, crinoidal limestone, pai^tially a conglomerate of larger or

smaller pieces of corals and Stromatoporsc and partly fine, earthy, red and gray liine-

stone beds. The last are remarkably rich in shells of Cephalopoda and Gastropoda.

State of preservation.

The State of preservation of tlie Gastropoda as well as that of other fossils in

these different rocks, is of course quite as variable as the nature of the rocks them-

selves and seems at first in several places quite unaccountable. So, for instance, the

shells of the Gastropoda and Lamellibranchiata are in many shale beds, as a rule, dis-

solved and present only as nuclei, while corals, trilobites and brachiopoda are well

preserved. Thus in one locality the shells are only represented as nuclei, as for in-

stance at Petesvik in Habblingbo, and again in a neighbouring locality. Djupvik in

Eksta, they are well preserved, with their shells. It may also be that many genera of

Gastropoda, as in the shale of Wisb}', only occur as casts or nuclei, such as Subulltes,

Loxonema, Murchisonia, Euomphalus, Bellerophon and Trernanotus, whilst in the same

bed others as Oriostoma, Pleurotomaria and Platyceras have retained their shell. In all

probability there is something in the condition of the chemical or mineralogical nature

of the shell which thus causes it to be dissolved in one group and preserved in the

other. In the upper limestone beds again by far the greatest number of the species

are provided Avith their shell and all the delicate ornaments of its surface are visible.

But the difficulty is to get thera out entire and perfectly intact from the rock.

In such rich localities as Samsugn, Kyrkberget in Wisby many specimens can be col-

lected as they have been detached through the disintegration of the rock, which is

often crumbling to pieces on the surface. From the limestone of Sandarfve hill they

can be removed by carefully using the hammer and chisel. By delicate operations

with sharp needles they have been prepared out from almost all sorts of limestone

and been cleaned in greater perfection than could be expected at first sight.

In washing the fine, marly limestone mud, which is often found in fissures and

has probably originated through the decomposition of the limestone, many small Gastro-

poda, such as the Murchisonise figured on plate XV have been obtained along with a

number of other interesting fossils.

The few Gastropoda which have been found in the sandstone are remarkably

well preserved, showiug the fine sculpture of their surface.

In the majority of specimens the shell is entirely converted into calcareous spar,

but in a few others there are remains of the microscopic structure left. So for in-

stance in the genus Platyceras, in the common Platyceras cornutum, where at least

three different stata can be discerned. The Patellid Tryblidium has also the intimate

structure, to a certain extent, well preserved and also, on the inner side, the peculiar

horseshoe-shaped ring of muscular soars beautifully and most distinctly visible. In
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this genus, as well as in Cyrtolites, Bellerophon and Oriostoina some speciraens still

show the pattern of the original colour bands. Traces of the nacreous lustre are also

present on the inside of several species of the genera Oriostoraa and Pleurotomaria.

A nurnber of specimens of the genus Oriostoina bas been found with their large,

calcareous operculum in situ, thus permitting to distinguish several, nearly allied

species, the shells of which show very little difference. With regard to the position of

the shells in the strata it may only be remarked that such elongated shells, as Mur-

chisonia, Loxonema and Subulites lie horizontally or parallel with the plan of strati-

fication. As for the rest they are heaped together without any order as the shells at

the present day cast ashore.

The Murchisoniffi found in the shale beds of Wisby, and also many Bellerophons,

had been almost entirely overgrown by colonies of the bryozoan Ceramopora and others,

inany times larger than the shells themselves and thus evidently preventing all possi-

bility for the animal to move and consequently killing it. In a small lake south of

Stockholm, Haramarbysjö, I found in the spring 1882 the common freshwater bryozoan

Alcyonella fungosa Pallas in great abundance and nearly every colony of it had

chosen a specimen of Paludina vivipara L. for its basis and so completely covered

it that the animal was unable to move, and large numbers of them were dead, the

bryozoans continuing to thrive. Thus a powerful growth of a compound species has

acted and still acts as a check to the increase of another species belonging to a diffe-

rent group and has probably also been an agent in its extinction on localities common
to them both.

Distribution of the Species.

There is no doubt that the Gastropoda I am about to describe, numerous though

they be, are only a fragment of all that once made up the fauna of these animals in

the Silurian seas of Gotland. Several strata litterally teem with their broken shells

and it is evident by several of these remains that they belonged to many other spe-

cies than those mentioned further on, but too imperfect for description. As far as

known at present the number of species and varieties arnounts to 174 here described

and figured. The nuraeric strength of their group in relation to that of other orders

from the strata of Gotland may be seen from the following survej' of the whole Letha^a.

List slaowing the numter of species at present known from the

Silurian Strata of Gotland.

Criistaeea TrilobiUe _ 53

Merostomata 2

Phyllopoda 4

Ostracoda .-. - _ 30

Cirrhipedia_ 1 nn

Annelida according to tlie researches of Dr J. G.

HiNDE with addition of the Tabicolar An-

nelides -.. 50

Carried forward 140
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Brought forward 140.

MoUusca

Cepli.ilopoda aboiit 100

Pteropoda 5

Gastropoda -. 174

Lamellibranohiata about 80 okq

Molluscoida

Bryozoa about _ 50

Bracliiopoda - 150 .-jqq

Echinodermata

Asteroidea 2

Ecliiimidea - 1

Criuoidea ._ — 180 jgg

Ånthozoa about 100

Graptolitce - - - 5

Spongice -- 10

Dubious organisms (Algse probably) and others 5

TentaculitcB about— 5

Total 1,007 speoies and varieties.

It is to be observed that the munber of species in some groups has been rated

somewhat low and that in all probability a detailed research will considerably increase

it. As it now stånds we see that the Gastropoda vie in numerical strength with such

large groups as the Crinoidea and surpass all the others.

The minor details in the distribution, geographical and geological, of the Ptero-

poda and the Gastropoda may be learnt from the annexed lists ^), in which first the

chief localities or local regions are given in 27 columns, and then in the six last columns

a summing up of their stratigraphical distribution. Under the headings of the loca-

lities, n signifies the lowest stratum, shale or sandstone, h the intermediate limestone

or the oolite, c the upperraost limestone. When a species is recorded as found only in

a and c this has beeii considered equivalent to its having been found in b also or in

all strata.

As to the nanies of the localities, it should be borne in raind, that some of

them are intended for a small district around a central point. Thus Hall chiefly

means the strata c in the canal near Westös, but also the strata near the shore and

at Halls huk. Wialmsudd includes the adjacent shores of Fårösund, as the strata of

Sandvik, Gothem and Bara embrace chiefly the shore deposits at Gothemshammar and

a number of quarries opened westwards in the direction of Bara, where a little hill,

Bara backe, contains the same fossils. Linde and FarJliem comprises not only the lime-

stone hills there, but also the marly and gritty shales.

The limestone beds of Samsugn in Othera, those of Wialmsudd and Wisby as

well as others are very rich in shells of Gastropoda intermingled with those of Cepha-

lopoda. But all these localities are by far surpassed by the limestone of Sandarfve

kulle. This is one of the small hills, which in the central part of Gotland, a little

^) See page 16 and the following.
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south east of Klinte have beeu forined throup;h denudation and all prove, through the

presence of such fossils as Pentamerus conchidium etc, that they are of the same age

vvith each other and also coöval with Klinteberg. Sandarfve kulle, which is one of

the smallest, attains a heioht of about 170 feet above the level of the sea. About

80 feet of its substratum consist of shale, similar to that of Petesvik in Habblingbo.

The superimposed limestone, which forms the chief part of the hill, is in the lowest

beds regularly stratified with a grav cr3'stalline limestone, which passes upwards into a

concretionar irregularly bedded limestone. This is partly bluish green, soft and earthy

and partly in large patches red, giving the enclosed fossils with their colour a certain

resemblance to the Lower Silurian fossils of the Orthoceratite limestone in the main

land of Sweden. This rock contains in great abiindance beautifully preserved shells

of Gastropoda of numerous species and also rare Cephalopoda, such as Ascoceras, Ophi-

dioceras, Cyrtoceras, numerous Orthoceratites, and also shells of the Lamellibranchiates,

all not found elsewhere. The fauna has a peculiar dwarfed character, being composed chiefly

of small shells, none attaining to what may be called the average size of those of the

other localities. It forms, as it were, a narrowly circumscribed, local fauna, which has

hitherto yielded no less than 39 species of Gastropoda, only from the the red and

gray limestones. Of these as many as 27, or 69 percent of the whole amount, are

peculiar to this stratum. This surpasses b}' far the conditions in all other localities.

According to the list, »Wisby» is richer than any other with 77 species. But it must

be remcmbered, first, that this denomi nation embraces a much larger space than the

former region and includes such localities as Kyrkberget and Kålens qvarn, where the

limestone is in fact a lumachello. Besides, there are many other localities for a consi-

derable distance along the coast where the same paltisontological characters prevail.

Fourty one species are annotated as pertaining to the stratum c of Wisby, but of these

only the small number of ten is peculiar. The shale beds at Djupvik in Eksta con-

tain a Gastropodan fauna of 25 species and of these nine are peculiar. Of the other

richer localities Samsugn has a total of 34 species against six peculiar, Slite 25

species in all against four peculiar, Follingbo 20 species in all against six peculiar,

Klinte 23 species in all against two peculiar and Östergarn 21 species with only one

species peculiar from the stratum b.

What must strike the attention after the first glance on the list of distribution

is the great preponderance in number of species of the North Gotland localities över

the localities south of Fardhem, such as Rone, Grötlingbo, Bursvik, Näs and Hoburg.

This may chiefly be due to real poverty as no such rich deposits as those of North

Gotland ever have been discovered there, but it is evident that the total amount of spe-

cies found, especially at Hoburg, will be increased in future through continued and

oftener repeated researches. Characteristic of these south ern parts are the following

six species, having their northern limit at Grötlingbo. They are: Platyceras disciforme,

Cyrtolites ohliquus, Pleurotomaria dolium, Murchisonia moniliformis, Eunema muricatum

and Craspedostoma simmlosiim. As a contrast to this minority, no less than 95 species,

or more than half the number, have their limits within North Gotland as far as Wester-

garn in south on the west coast and Gothem on the east coast. A few continue as
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Sjnioptical List of the distribution of the Silnrian

Pteropoda.
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Pteropoda and tJastropoda of Gotland.
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Brought forward

Belleroi^lion.

19 squamosus n

20 Eiseni n

21 elegantulus n

22 latevittatus n

23 gemraa n

24 pilula n

25 trilobatus Sow

CyrtoUtes Conrad.

26 lamellifer n

27 pharetra n.

28 arrosus n

29 obliquus n

30 eurjomphalus n. ._

31 disens n.

32 orbiculus n

Tremanotus Hall.
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Brought forward

Pleurotomaria.
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Brought foi-ward

EuoJiij^ialus,

90 tuba n

91 proecursor n

92 Walmstedti n

Loxonema Phillips.

93 sinuosum Sowerby

94 attenuatum n

95 intumescens u -.
,
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97 strangulatnm n.

l\im. VIII. Trocliidje D'obb. p. p.

Troclms L.

98 Gotlandicus n

99 fulminatus n

100 mollis n

101 Stuxbergi n

102 undulans n

103 profundus n

104 cavus n.
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146 muricatum n

Craspedostoma n. gen.

147 spinulosnm n

149 var. brevispira n _

150 iilistriatura n

151 involutuni n

152 glabrum u.

Fam. XI Phoridse Gray.

Aiitodetus n. gen.

153 calvptratus Schrenk

Holopea hall.
154 nux n

155 transversa u

Carried forward 16 15 17 17 10 31 23 17 68 19 12 4
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Brought forward

Holox^ea.

156 perforata n

157 nitidissima d

158 applanata n

Faoi. XIII Scalarid» Brodekip.

Callonema Hall.

159 obesum n

160 scalariforme n

Holo^ella 5i'coy.

161 teres n

162 regularis n

163 minuta n

Fam. XIV Pyramidellidfe Gray.

Machrochilina Bayle.

164 cancellata n

165 bulimina n

166 fenestrata n

Fam. XV Siibiilitidse n.

Suhulites Conrad.

167 ventricosus Hall
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168 ventricosus var. curvus

169 attenuatus n

Euchrysalis Laube.

170 lineolata n

Onychochilus n. gen.

171 physa n

172 reticulatum n

173 cocUealum n

ADDENDUM.

3Iurohisoma.

174 paradoxa n

16 17 17 18 10 34 25 18 77 20 12 6



KONGL. SV. VET. AKADEMIENS HANDLINGAR. BAND. 19. N:0 6. 27

1

g
CD

P
a

ö
cr

p

O:

re

P

o"
-i

p
ca'

p:

a

B'

K'

C»

o

o

O:

B'

ra

s g.

t-l

C2

g-
g-

5"
era

p

d:

CR
O'
p

C3
c
E

fr

o
er
a

Stratigraphical distribution.

Only found.

in

Common
to

a b c
all

strata
ab be

13

a

a

8 21 23 8 5 27 8 35

c

c

c

c

c

c

5 10

a

5 4 13 6 28

*

10

*

*

67

*

*

*

*

*

*

*

*

*

*

*

*

26

*

8

*

16

15
i

8 1
21 23

i
8 5 i 27 8 1

42 5 11
1

5 4 13 6
i

29 12 81 27 9 16



2S G. LINDSTRÖM, ON THE SILUKIAN GASTROPODA AND PTEROPODA OF GOTLAND.

far as Klinteberg, but as they inostly are scarce there and frequent in the north they

may be considered as North Gotland shells.

Only five species are coinmon to the strata över the whole island and conse-

quently the most characteristic species of all Gastropoda. These are Platyceras cornii-

tum, Tremanotus longitudinalis^ Pleurotomaria alata, Oriostoma sculptum and Äutodetun

calyptratus.

With the exception of the minor faunal districts which have been sketched above,

such as Sandarfve and Djupvik, there are in other respects no obvious grounds for

discerning larger, faunistic divisions, as was attempted in my paper on the Brachio-

poda of Gotland ^) sorae years ago. There are so many characteristic forms common,

such as Autodetus, Craspedostoma and Tremanotus. Moreover, it is generally the

case that distinctions based upon the occurrence of the species, are sooner or låter

effaced in the same degree as the material for study increases. It is then evident, that

all such considerations have only a relative or transient value and properly speaking

are only valid for the tirae they were made, as each year brings new forms and mo-

difies older conclusions. New species are discovered and those formerly found are ob-

tained from localities and strata where they were unknown.

As to the vertical distribution of the species as many as 29 have hitherto been

found exclusively in the lowest or shale beds, signed a on the synoptical lists. It

has not been possible, at present, to ascertain the succession of these species within

the shale beds or if there really be zones of vertical distribution within the range of

the more than hundred feet it comprises in thickness. In common with h it has besides

nine species and with both h and c 27 species and contains thus in all 65 species.

The next stratum h is nearly as rich, although having only twelve species of its

own, and in common with a nine species, common with both a and c 27 species and

with c alone sixteen species, thus in all 64 species. Richest of all is, however, the

third stratum c, with so many as 81 species peculiar to it, which in addition to 16

common with b and 27 species common with both a and h make up the sum total of

124 species.

With regard to the occurrence of the 25 genera, of which the gastropodan fauna

consists, in the different strata, there are some, as Tryblidium, Palasacmtea, Trochus,

P3?cnomphalus, Craspedostoma, Holopea, Euchrysalis, Macrochilina and Onychochilus,

which are restricted exclusively to the highest strata. Some again, as Oriostoma, are

most abundantly represented in the uppermost strata, though there are also species of

it in the middle liraestone and the shale.

It may be questioned whether not any evidence is found of mutations in such

species, which occur in several strata, or in those, which have been found also in

younger or older formations. Such changes, also indicated through the presence of

nearly related species or varieties in older or younger formations, have most obviously

occurred in the following species, which are now enumerated. The matter is more

closely considered in the description of each species.

^) Bidrag till kännedomen om Gotlands Brachiopoder. Öfvers. Vet.-Åkad:s Förhandl. 1860, p. 337.
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1. 2'ryblidiiim retictdatum Ldm.
2. Tryblidium ungids Ldm.
3. Platyceras cornutum His.

4. Pleurotomaria limat.a n. n.

5. Pleurot. elliptica His.

6. Pleurot. bicincta Hall.
7. Pleurot. labrosa Hall.
8. Pleurot. qualteriata Schloth.

9. Euomphalus Gotlandicus n.

10. Oriostoma rugosum Sow.
11. Subulites ventricosus Hall.

In regard to the distribution of the Gotland Gastropoda beyond the limits of

that island very little is at present known. As conimon with the nearest strata of Ösel

and Estland the following species have been annotated: Tryhlidium unguis Ldm, Platy-

ceras cornutum His. very common, Pleurotomaria elliptica His., Pleurot. bicincta Hall,

Oriostoma angulatum Wahl., Or. sculptum Sow., Or. cliscors Sow. very common, Pleurot.

planorhis His., Autodetus calyptratus Schrenk, Pleurot. qualteriata var.

From the Upper Silurian strata of Scania at Bjersjölagård and Klinta I have

seen Platyceras cornutum His. Platyc. enorme Lindstr., Autodetus calyptratus Schrenk

and indeterminable nuclei of Murchisonia, Pleurotomaria and Bellerophon.

From Norway, I have only seen the few following species:

Comdaria Icevis n., Pleurotomaria elliptica His., Oriost. globosum Schloth. In com-
mon with England the following species have been found viz. Platyceras cornutum His.,

Platyc. spiratum Sow., Pleurotomaria limata nom. nov. (= Euom. carinatus Sow.), Pl.

labrosa Hall, Pl. alata His., Pl. Lloydii Sow., Pl. bicincta Hall, Bellerophon trilobatus

Sow., Loxonema sinuosum Sow., Oriostoma cliscors Sow., Or. rugosum Sow., Or. sculptum

Sow., Cyclonema carinatum Sow.

With the rich fauna of Boliemla not a single species can, for the present, be

recorded as common. I have had access to a collection of 6.5 species of Bohemian

Silurian Gastropoda, acquired by the State Museum of Sweden from the late M. Schary

of Prag, and I cannot find in it a single species to identify. Euomphalus pulcher

Barrande comes very near to Oriost. Roemeri and Euom. simplex Barr. near to Oriost.

sculptum Sow., but they are probably different.

From the Silurian formation of Podolia and Galizia Friedr. Schmidt in »Einige

Bemerkungen iiber die Podolisch-Galizische Silurformation» (1875) p. 17 enumerates

six species of Gastropoda, but of these Euomph. (Pleurotomaria) alata is probably the

only one which can be considered as identical.

Von Alth gave in 1874 a list of Silurian Gastropoda in his work »Ueber die

palseozoischen Gebilde Podoliens», page 31, amounting to 14 species, but as I have not

seen a single specimen of them, I can not with any certainty identify them with those

from Gotland.

Of N. American Silurian Gastropoda I have found as identical, Platyceras cornu-

tum His., Pleurotomaria labrosa Hall, Pleurot. bicincta Hall, Subulites ventricosus Hall.

Pleurotomaria bicincta Hall, Pleurot. elliptica His., Tryblidium unguis Ldm. occur

in the highest strata of the Lower Silurian of Estland and Pleurot. elliptica, Pleurot.

qualteriata are common with the Orthoceratite limestone of the Lower Silurian of
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Sweden. Upwards, into the Devonian strata of France and N. America, oiily the fol-

lowing species is passing, viz. Pleurot. labrosa Hall, also found in the »Devonieii in-

férieur» at Néhou and in North America in the Lower Helderberg rocks. Plntyceras

cornutum His. can in some of its varieties scarcely be distinguished from the Eifelian

Pileopsis prisca to which it at all events stånds in very close relation. Bellerojihon

trilobatus Sow. also seems to be a species which has continued in the Devonian time.

Zoological charaeters of the gastropodan fauna.

If we except Chelodes and the genera Subulites, Euchrysalis and perhaps Onycho-

chilus, all the other belong to the large section, which on account of the circular

peristome has been called that of the Holostomata. Chelodes as one of the Chitonidge,

belongs to the stränge order Placophora. Subulites, Euchrysalis and possibly also

Onychochilus again exhibit such charaeters in their aperture as to entitle us to place

them with the great order Siphonostomata, hitherto regarded as of uiesozoic origin

and entirely unknown in the palaäozoic formations. It cannot be denied that the evi-

dence offered further down supports this conclusion and that it probably shall be

corroborated by further observations. If then, as I suppose, Subulites is one of the

Siphonostomata, these have originated much earlier than in the Gotlandic Silurian, as

there are well preserved species of that genus in the Lower Silurian strata of Dale-

carlia. Subulites nitens Ldji (in Fragmenta Silurica p. 14) occurs already as early as

in the Lower Gray Orthoceratite Limestone of Sjurberg, where besides this no other

forms of the same order are known. A larger species, probably Subulites (Helicites) utri-

cularis Wahlenbeeg (Subul. elongatus Portl. according to Fragm. Silur. p. 13), is found

in the uppermost stratum of the Lower Silurian of Dalecarlia, the Leptasna limestone.

Of the fifteen families represented, as many as twelve are also recent. It must,

however, be conceded that it is with great diffidence that several families, such as the

Litorinida?, the Pyramidellida?, the Turbinidse have been introduced in the lists. Of

the 25 genera again, the majority or 23 are considered to be extinct and only two,

Pleurotomaria and Trochus, still persisting. The former genus, rich as it was in the

Silurian times, had not then reached its acrae, which was attained in the Jurassic seas

and now it has dwindled away to four species in the recent seas. Together with Mur-

chisonia it gives to the fauna of the Gotland Gastro[)oda its chief character, their 54

species making nearly a third of the whole fauna. Like Pleurotomaria there are other

genera, the systematic place of which cannot be contested. The beautifully pi'eserved

muscular scars on the inner side of Tryblidium certify their near connection with the

recent Patellidfe. Chelodes with its numerous very characteristic plates belongs in all

probability to the Chitonidse. The numerous Oriostomata, forming such a prominent

feature in the fauna, testify through their operculum and their nacreous interiör strata

to their relation with the Turbinidas. It is also very likely that the stränge Autodetus

is an ancestral form representing the modern Phoridte, the presence of which

family has already been observed in the Devonian strata. But instead of attaching

other objects to its shell as its presumed descendants, it fixed its own shell with the

apex to other bodies. Of the occurrence of such an archaic from as Dentalium, nothing
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as yet has becii ascertained. A few tubes from the shale beds of Wisby and Öster-

garn might possibly once have appertained to that group, but their iinperfect condi-

tion precludes Identification.

As genera especially characteristic of the Sihirian beds of Gotland, raay be men-
tioned: Craspedostoma, Onychochilus and probably also Pycnomphalus, though it is

not certain whether the last does not occur in England and Oesel, but referred to the

genus Platyschisma in a coneeption Avhich is not that of the first author. Autodetus,

which is spread över the whole island, occurs also on the neighbouring Oesel, though it

is uncertain whether so coinmon there as on Gotland and not recorded from any other

Silurian region except Scania. As characteristic of the Upper Silurian formation in

general inay be annotated Chelodes, which has also been found in Bohemia, Tremano-
tus, Cyrtolites and Subulites also known from N. America and Canada, Subulites also

from England, and Tryblidium found in Estland and Canada.

Concerning the many palaäozoic genera, of which I have appended an Index in

the end of this memoir, it depends much on individual opinions, as to what genus these

old fossil shells are to be referred, but it is evident that it is highly futile to establish

the genera only on a single and variable character. When comparing large numbers of spe-

cimens belonging to the same species and collected in the same locality the great variabi-

lity in the form of the aperture, the columella, the height of the spire, the umbilicus, will

be evident, and it is only necessary to remind of such forms as Platyceras cornutum

to discover the wide range within Avhich some species vary, chiefly those Avhich have

a large horizontal and vertical distribution. In almost the same degree Cyclonema

delicatulum varies AAdth high or Ioav spire, slender or ventricose Avhorls, Avith open or

closed umbilicus.

Among structural peculiarities ought to be observed that in the genus Euom-
phalus, as it has been long known, the shell, in the rule, near the apex or in the

oldest whorls, is divided into one or several compartments or chambers by concave

diaphragms, Avithout, however, having any communication or sipho betAveen thera. The

charabered apex has very often through the fossilisation become deciduous and the

blunt end indicates the place, Avhere the partition once traversed the shell. In Murchi-

sonia, Loxonema and a presumed Trochus, Tr. gotlandicus, the apex is tilled Avith a

compact mäss of calcareous matter quite as in the recent Magilus.

The peculiar and cellulär structure of the external Avalls in Autodetus is a feature

Avell deserving attention. In a few genera, as Platycex'as, Pleurotomaria, Euomphalus,

there is a tendency in several species to form scalarid varieties and in some species

all specimens found have assumed that peculiarity in groAvth. In the large genus

Pleurotomaria it is easy to folloAv the morphological changes AA^iich the characteristic

slit band is subject to, from a concave groove to the large, thin lamina in the group

Alata3. In respect to the sculpture of the surface I have called the spiral lines, keels

and ridges, Avhich run from the apex to the aperture for longitudinal, as they follow

the shell in its Avhole length, and, consequently, those intersecting them are to be

denominated transverse. Some authors call all the låter for lines of growth. But

besides the real lines of growth or the old apertural lips, Avhich are conspicuous by
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their lainellar edges, often uneven and at iri'egular distances froin each otlier, there

are tine and elevated, as it were, ornamental liries. These do not always inni parallel

to the lines of growth, but cross thein obliquely in soine species, as Pleurotoraaria ex-

quisita and Onychochilus cochleatura. These elevated lines of varying size are in

several species replaced by sunk and narrow grooves. It would then be proper to

distinguish between lines of growth and ornamental lines, which are formed indepen-

dently of the former or coördinate to them.

Through the presence of certain genera the following conclusions may be drawn

as to the character of the fauna, of which they formed an ingredient and consequently

of the natural conditions of the sea in which the including strata were deposited.

1. The fauna of the silurian heds of Gotland was a littoral fauna. Snch genera

as Chelodes and Tryblidium make this conclusion valid. The Chitonidse, to which

Chelodes belongs, liva now generally down to a depth of 25 fathoms, though some

small ones have been found exceptionally at 100 fms. Tryblidium is a nember of the

group of the Patellidas. These are in a still higher degree shallow water shells, living

near the shore on seaweeds and rocks, and the occurrence of the Tryblidia is sugge-

stive of the former presence of algce, on which they might have lived, though no traces

of these are left. It has been said ^) that the Upper Silurian shales of England through

their fossils and the nature of the shale itself make it evident that they have been

formed in a deep sea. Since the explorations of the låter years the range of the deep

sea region upwards cannot be considered higher than 400 fathoms. But already at a less

considerable depth there reigns, as has been shown, an almost absolute stillness in the

water and the motion of the surface cannot infiuence the bottom at a depth below

40 fms. Occasionally, at more exposed coast lines, as near New Foundland the bottom

has been disturbed to a still greater depth, when violent tempests have raged, but

this is of course exceptional and the traces of the disturbance must again, during the

otherwise prevailing calm be effaced through new sediment.

In consequence of what has been advanced above, shells imbedded at greater

depths could not show signs of having been subjected to any abrading motion of

the waves. Now, the fossils enclosed in the shale beds of Gotland on the contrary

attest in many instances by their abraded condition that they have been tossedabout

by the waves and, consequently, have not been imbedded in a bottom of any consi-

derable depth. The great raovement in the sea, where they lived, is also evident through

the shells sometimes having been broken and then mended. Thus there are specimens

of Pleurotomaria labrosa from the shale of Westergarn, showing such a break in the

body whorl, which had again been repaired during the lifetime of the animal. The

superincumbent limestone strata are for the most part conglomerates of corals and other

fossils, and, when fine grained, the limestone consists entirely of a sort of calcareous sand,

the grains of which are comminuted shells and corals. It thus highly resembles

the limestone, which is forming now a days out of similar material along the shores

or on the beaches of the tropical regions for instance near the Westindian Islands.

') FucHS, Welche Ablagerungen haben wir als Tiefseebilduugen zu betrachten? in »Neues Jahrbuch fur

raineralogie etc», II Beil. Bd. 1883, p. 565.
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It must have been in some sheltered bights, where a calcareous mud found stillness

enough to allow it to settle down, that such deposits as the fine grained liraestone of

Sandarfve, or Samsugn with their numerous and beautifully preserved shells originated.

In general the shells werc middle sized, only a few, as Pleurotomaria valida,

or Pl. cirrhosa attaining a greater size. Fragments of an undeterminable shell from

the shale of Gnisvärd attain in the height of the body whorl alone 82 mm. and in

breadth 98 mm., this being the largest fossil shell, known in Gotland. This size and

the comparative rarity of tiny shells also militate against any assumption of great

depth for tliese forms, as only small sized species have been dredged up from the

abyssal depths.

2. The fauna had a tropical character. In consideration of the great numbers

of Pleurotomarias, Trochi, Turbinidse and the large Pteropods the assumption of a

tropical character of the fauna may seem justifiable.

Older descriptions of Gotland Gastropoda.

There has been no want of workers in this field, as we can learn by a review

of the mevnoirs of the authors previous to this. The first time any mention has been

made in print of the Silurian Gastropoda of Gotland was when Magnus von Bromell

published the »Articulus secundus» of his »Lithographia Svecana» '). He there, pages

28— 37, enumerates and summarily describes 21 different numbers of fossil Gotland

Gastropoda. But as both the descriptions and the ligures are very unsatisfactory —
the originals being raostly mere nuclei — I have not been enabled with any degree of

certainty to identify more than a few. Thus N:o 5, page 30, and N:o 6, p. 31, in all

probability are specimens of Pleurotomaria alata. N:o 21, p. 36, is an Oriostoma and

probably Oriostoma sculptum Sow. In N:os 26—27 we see nuclei of Murchisonias and

N:o 27 may be M. attenuata.

LiNN^us has left no descriptions of any fossil Gotland Gastropoda. In the relation

of his travel on Gotland in 1741 he only mentions them in passing. On page 189 he

says: »Petrilicata plåckades af oss hela timarna på wästra Stranden (af Kapellshamn),

ibland hwilka woro ganska många Conchita; striatas och Cochlitie» .... i. e. »Petrifica-

tions were collected by us for several hours on the western shore, amongst which

were a great nuraber of Conchitai striata3 and CochlitsR» . . .

Wilhelm Hisinger began his long, honourable and meritorious activity as the ex-

plorer of the geology and palffiontology of Sweden so long back as in 1789 at the early

age of 23 years with his first memoir and in 1798^) he published »Minerographiske

anmärkningar öfver Gottland». On page 286 he enumerates with other fossils only a single

y>Turl)o? i pisolit kalksten». In 1808 »Samling till en mineralogisk Geografi öfver Sverige»

was published and there he only recapitulates the remarks in the preceding paper. The

number of Gastropoda accepted by Hisinger was raised to ten in his geological de-

') III the »Acta Literaria et Scientiarum Svecire», Vol. III, Upsnlu 1738.
') In the Transactions of the K. Sweilish Ac. of Sciences.

K. Vet. Akad. Handl. Band 19, N:o ft. 5
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scription of Gotland (Gottlantl, geognostiskt beskrifvet in Vet. Ak. Handl. 1826, p.

311). He enumerates 5 sp. of Helix (= Oriostoma) and 4 of Turbo, of which 8 had

heen some years ago described and denominated by Waiilenberg in the inemoir which

further down shall be taken into due consideration. Himself he there only added

Turbo sp. and Turritella meaning nuclei of Murchisonite. In the translation of his

»Mineralogisk Geografi» in German by the renowned chemist Fr. Wöiiler in 1826 the

eight Helicites and Turbinites determined by Wahlenberg are also enuraerated on p.

228. In 1828 he published again in the fourth part of his »Anteckningar i Physik och

Geognosi» the description of Gotland, which he gave in the Transactions for 1826,

almost verbally with only a few additions. Thus there is the first figure, tab. VI f.

3, delineated as well as the others by Prof. P. F. Wahlberg of Murchisonia compressa n.

and of Pleurotomaria planorbis His. tab. VI f. 2, then named as Turbinites centrifugus. On
tab. VI f. 6 there is under the name of Turbinites a variety of Platyceras cornutura.

Helix obvallatus had been removed from the Gotland fossils and the nuraber of species

thus changed to nine. In 1829 »Esquisse d'un Tableau des Pétrifications de la Svéde,

distribuées en Ordre Systématique» appeared, containing 11 species, the same as before with

addition of Delphinula funata Sow. (= Oristoma sculptum Sow. et others), D. subsulcata

Hls. (= Or. globosum Schloth.), Euomph- substriatus His. (Pleurot. planorbis His.),

Euoraph. costatus (a cephalopodous shell of the genus Trochoceras) and Turritella cingu-

lata His. The names Delphinula and Euomphalus were then employed for the first time

by Hisinger. In 1831 a new description of Gotland is given in the fifth part of »Anteck-

ningar», and we there again find the same eleven species as enumerated before. But

in fact there are only nine, as Euomphalus costatus is a Cephalopod and E. substriatus

and centrifugus låter by Hisinger himself were declared to be identical. New figures,

good for the time, were given of several of them.

A new edition of »Esquisse d'un Tableau» was published in 1831 also with 11

species, the same as before.

HisiNGERS greatest Pala3ontological work, »Letha^a Svecica», is commonly cited as

published in 1837. But it seems that a part of it, from a quotation of Bronn in Vol.

3 of his »Handb. einer Geschichte der Natur, Nomenclator Bd I, p. XLI», where Nilsson

is evidently an erratura for Hisinger, was already published in 1836 under the title

»Icones petrifactorum Sueci», Fasc. I, tab. I

—

X., Ånimalia articulata et Mollusca Cepha-

lopoda». In the Lethasa he describes 13 species, to which are to be added one more,

from the »Supplementum Secundum» to the Lethasa 1840, thus making a total of 14

species, when Inachus costatus is excluded as a Cephalopod. These are as follows, viz.

Euomphahis cornu arietis = Oriostoma discors Sow.

Eu. alatus = Pleurotomaria alata.

Eu. cequilaterus = Pleurotomaria sequilatera.

Eu. catenulatus = Oriostoma rugosum Sow.

Eti. subsulcatus = Oriost. globosum Schloth.

Eu. fmiatus = Oriost. sculptum Sow. & O. Roemeri n.

Eu. supra angulatus = Oriost. angulatum Wahl.
Inachus angulatus identical with the preceding.

Inachus sulcatus = Pleurotomaria planorbis His.

Turbo striatus = Cyclonema striatum.
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Turritella cingulata = Murobisonia cingulata p. p.

Ttirritella attemtata = Murchisonia attenuata.

Pileopsis cornuta

Pil. sulcata
> = Platyceras cornutura.

There are in reality thus thirteen species described by Hisingeu in tlie Letha3a,

when two out of the fourteen are identical with others and one, E. funatus, comprises

two different species. Nor has this nuraber been increased in the last publications of

HisiNGER, in the sixth part of »Anteckningar» and in »Förteckning öfver en Geognostisk

och Petrificat-Samling från Sverige och Norige», printed in 1841. There is, however,

the important corrections made that Turitella cingulata is considered to be a Pleuro-

tomaria and that Murchisonia compressa is separated from it and referred to separa-

tely as "Stenkärnor af Turritellor», Leth. pl. 12, fig. 6 b.

In »Dia Petrefaktenkunde» by Schlotheim (1820) there is only one of the

the Gotland species described on page 162, Trochilites globosus, the type specimen of

which I have had occasion to examina through the kindness of Professors Beykich

and Dames. It is tha same that somewhat låter was called Euom. funatus by Sowerby.

Georg Wahlenberg describes in his »Petrificata Telluris Svecana^», published in

the »Acta Soc. Scient. Upsaliensis (1821), p. 68, Turbinites cornu cuietis, which Sowerby
had already called Euomphalus discors and further

Turbinites alatiis Wahl. is = Pleurotomaria alata.

Helicitvs catenulatus (p. 72) is = Oriostoma rugosum.

Hel. supra Migulatas is identical with

Hel. angulatus = Oriostoma angulaturn.

Hel. cequilaterus = Pleurot. fequilatera.

Hel. obvallatus »occuvrit in Gotlandia rarius" = Pleurot. qualteriata p. p. ?

Hel. obvallatus Wahlenberg is different from Pl. qualteriata.

Wahlenberg thus described in all six species, which were låter adopted by

Hisinger.

Professor N. P. Angelin, when a student of the University of Lund, distributed

small collections of Gotland fossils under the title: »Museum palasontologicum sveci-

cum» and a list of these is printed in the Danish »Naturhistorisk Tidskrift af Kröyer»,

2* Vol. 1838. Amongst the 50 species there mentioned, we find Euomphalus cornu

arietis (— Oriost. discors), but Angelins specimans are Oriostoma Roemeri, Euomphal.

alatns His — Pleurot. alata and Littorina? striata n. sp. In the existing copics of the

»Museum» no specimens of the last species have been found and consequently the iden-

tity cannot be made out- In his Avorks on the Palaaontology of Sweden Angelin has

not given any estimate of the numeric value of tha Gastropoda. But he seems to have

mentioned as his opinion to Barrande ^) that the Scandinavian Upper Silurian beds

were not so rich in these fossils as Bohemia, where Barrande then considered that he

had 200 species, a number which is now manifold increased.

In his paper »On tha Silurian Rocks of Sweden» ^) Sir Roderick Murchison also

gave a sketch of the geology of Gotland. On page 29 he enumerates the following

nine species of Gastropoda, viz.

') Paralléle entré les dépöts siluriens de Bohéme et de Soandinavie, p. 59.

-) Quarterly Journal, Geol. Society of London 1847, p. 29.
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Euomplialus discors, rugosus^ funatus, scidptus, carinatus, alatus (Pleurot. alata),

Turritella ohsoleta, Murchisonia corallii, and Turbo corallii. The three last rneritioned

I have not been able to identify, as they have not been found in any one of the

collections where Murchison and Verneuil in London and Paris have deposited

the fossils they brought honie from Gotland. As to Eu. carinatus Sow. I have through

casts of the original specimens, received from Dr J. G. Hindb, ascertained that it is

identical with the Gotland fossil described further down under the name of Pleuroto-

maria limata, as the name Pl. carinata was already before preoccupied.

G. VON Helmersen visited Gotland on a Geological tour in 1845, but it lasted till

1858 before he published a memoir on his observations, entitled»Geologische Bemerkungen

auf einer Reise in Schweden und Norwegen». He enumerates in all 10 species: Euomph.

discors, rugosus, funatus, carinatus, alatus, catenulatus. Turbo striatus, Turritella cingulata,

Murchisonia corallii and Natica infiata. Of all these the last from Klinteberg is the only

addition to those former known. He does not mention the author of that species, but it

is likely that he thereby intended to designate a species described by F. Ad. Roemer

in »Versteinerungen des Harzgebirges» tab. 7, fig. 8. Of all species found on Klinte-

berg there is none but Platyceras spiratum which comes near to Roemers species, though

this is many times larger. I. think then that Helmersens N. infiata must stånd as a

synonym to Pl. spiratum.

Friedrich Schmidt made his researches on the pahneontology and geology of Got-

land in 1858 and published the results during the following year in a pamphlet, entitled

»Beitrag zur Geologie der Insel Gotland» ^). He enumerates 22 species of Ptero-

poda and Gastropoda. But his Euomph. cornu arietis must be removed, as he also

mentions E. discors and his Patella sp. has since been found to be identical with

Pholidops. Then there remain 20 species and thej' are:

Conularia Sowerbiji = Con. cancellata Sandb.

Theca anceps = Platyceras enorme.

Pileopsis cornuta 1 -ni i. j.

T.r ,/ > ^ rlatyceras cornutura.
Natica parva ]

•'

Bellerophon dilatatus *.

Belleroph. aymestrensis*.

Pleurotomaria articidata = ? Murchisonia moniliformis n.

Murchisonia cingulata = M. compressa n.

Turritella obsoleta *.

Euomphalus catenulato aff.
*

Euomph. scidptus = ? Oriostoma soulptum Sow.

Euomph. catenulatus = Or. nigosum Sow.

Euomph. funatus = Oriostoma globosum Schloth.

Euomph. discors = Or. discors Sow.

Inachus sidcatus = Pleurotom. planorbis His.

Inach. angidatus = Oriost. angulatum.

Turbo striatus His. = Cyclonema striatum.

Trochus helicites = ? Pycnoraplialus acutus.

Troch. coelatulus M'Coy *.

Capulus cahjptratus Schuenk = Autodetus calyptratus.

BiGSBY gives in his Thesaurus Siluricus, 1868, in the lists of Gastropoda some

Gotland species, which he copied from former authors. He has in all 30 species

^) Those marked * I have been unable to identify.
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of Gastropoda from Gotland. But 23 remain, when seven are suppressed as partly dupli-

cates *) and partly dependiiig ou misapprehension of the German terms of Helmeksen ^).

These real species are in the main the same as given by Murchison, Helmersen and

ScHMiDT and need not again be enumerated.

Finally in a small paper »Nomina fossilium siluricorum Gotlandiie» published in

1867 I gave the names of 23 Gastropoda, but in reality there are only 19, as Eu.

cornu arietis must be united with E. discors, E. supra angulatus with Inach. angu-

latus, Inachus costatus reTooved to the Cephalopoda and Acroculia sulcata united with

A. cornuta. The remaining 19 are:

Name in the present

memoir.

Macrocheihis sj}- = Pleurotom. valida n.

Turbo striatus His. = Cycloueraa striatura His.

Trochus sp. = Tr. gotlandicus ii.

Euomph. alatus = Pleur. alata Wahlenb.
Eli. discors = Oriostoma discors Sow.

Eu. wquilaterus = Pleur. eequilatera Wahl.
Eu. catenidatus = Or. rugosura Sow.
Eu. subsulcatus = Or. globosura Schloth.

Eu. funatus = Or. Roemeri d.

Inachus angulatus = Or. angulatum Wahl.
In. sulcatus = Pleurot. planorbis His.

Pleurot. balteata = Pleuiot. labrosa Hall.
Holopella = Loxonema sinuosum Sow.
Murchisonia cingulata = M. compressa p. p.

3Iu7'chis. attenuata His. The same.

T7'ochita calyptrata = Autodetus calyptratus Schrenk.

Acroculia cornuta His. ^ Plat}'ceras cornutum His.

Bellerophon dilatatus = Tremanotus longiludiualis n.

Subulites sp. = S. ventricosus Hall.

To these must be added one rnore, viz. Theca sp., which was regarded as a

Pteropod, but is identic with Platyceras enorme, and thus the number of species known
in 1867 amounts to 20.

At the outset of this work only 20 or at the highest 23 species thus were known.

The great increase is due chiefly to the material which had been accumulated during

a long series of years in the Palajontological department of the Swedish State Museum
of Natural History at Stockholm and the main part of information and most of the ori-

ginal types for the figures have been derived from that collection. But in preparing my
work I have also been fortunate enough to have received contributions from many in-

stitutions and naturalists who have lent me specimens or whole collections for study and

in other respects rendered me much valuable information. Prof. Walmstedt and Dr G.

Holm have sent me all specimens I wanted from the Cabinet of the University of

Upsala, Prof. Lilljeborg has given me free access to the Marklinian Collection in his

charge; the late lamented Dr G. Linnarsson, his successor Dr A. Tullberg and Hr
VON Schmalensee have kindly lent me specimens from the Geological Survey of Sweden

;

^) Acroculia sulcata, Euomph. catenulatus, E. cornu arietis, Nat. infläta, Murchisonia articulata.

*) BiGSBY did not see the meaning of Helmersen, when the latter in his lists has »Turbo (Steinkern)» etc.

and BiGSBY wrote »Turbo Steinkerni» and even »Euomph. Stinkerni».
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Professor B. Lundgren lias sent ine spcciiiieiis from tlie Museum of Lund and Lector

Stenbeug fiom the Museum of tlie town of Malmö, Prof. JoHNSTRur in Copenhagen

has sent mc from the Mineralogical Museum of the University the whole coUection of

Silurian Gastropoda of Gothmd formerly made by Angelin and others, Dr L. Kolmodin,

O. A. Westöö and M. Klintberg have lent me specimens from the Museum of the

College of Wisby and also from private oollections. From the Academician Fkiedk.

SciiMiDT 1 received what he had collected in Estland and Oesel. Messrs John Gray in

Hagley, John E. Lee in Torquay, Henderson and James Simpson, both in Edinbui-gh,

presented to the State Museum specimens of English and Scottish Silurian Gastropoda.

Good collections vvere also sent from Prof. A. H. Worthen in Springfield and Mr S.

A. Miller in Cincinnati together with information on American fossil Gastropoda.

My thanks are also dne for many good elucidations and specimens to Professors

Beyrich and Dames in Berlin, P. T. Cleve in Upsala, W. H. Dall in Washington,

H. DouviLLÉ in Paris, J. Hall in Albany, Dr J. G. Hinde in London, who kindly

undertook to send me casts of some critical species, M. D. Oehlert in Laval for a

fine coUection of Devonian fossils. Prof. Fekd. Roemer in Breslau, Prof. H. Traut-

schold in Moskwa, Lector S. L. Törnquist in Lund and Mr J. F. Whiteaves in Ottawa,

Canada. To all these friends I have to express the deep obligation under which I

lie for their kindness to promote my work.

I have been most fortunate to have had the assistance of an excellent draughts-

man. Hr G. Liljevall, in the execution of the plates. He has not only drawn on

stone all the figures with the exception of the plates XV and XVHI, but also cleaned

and prepared the original specimens before they were figured and he had his full share

in our cominon interest for the work. His plates speak for themselves and are in no

need of my praise.



PTEROPODA.

The fossil remains of the Upper Silurian Pteropoda of Gotland are by no meuns

so common nor so characteristic of several beds, as are those of the Gastropoda. As

I do not consider the Tentaciilites as Pteropods in consequence of their close affinity

to the fixed Cornulithes and similar, there is only one genus known.

Gen. CONULÄRIA Miller.

1818 Miller in Sowerby's Mineral Conciiology III. p. 108.

Shell pyramidal, extremely thin, of several strata, each of these homogenous and

transparent, broum or red; near the initial aj)ex the shell is partitioned off by a transverse

diaphragina. Apex often deciduous. Aperture narrow, partially dosed by tonguelike prolon-

gations from the corners. Side corners grooved or blunt. Along the middle of each face

there runs from the aperture to the apex one or in some species two folds, which project

only a little distance inioardly. In others they are totally wanting or represented by one or

two longitudinal septa placed on the inner side. Surface ornamented by transverse ridges,

smooth or tuberculated, forniing an obtuse angle along the median line of the surface loith

its apex directed toivards the aperture.

The systematic place of this genus and its allies has long been subject to some

discussion and difference of opinion. Among the various opinions on the nature of

Conularia raay be annotated that it was ranged with the Cephalopoda by J. Sowerby,

Beonn, F. a. Roemer, Blainville, G. B. Sowerby, Fleming, Hoeninghaus; this may
partly have been occasioned by a false appearance of a siphuncle in the diaphragra,

of which Hall still speaks as present in his Conularia trentonensis. D'Archiac and

Verneuil seera to have been the first who considered Conularia as a Pteropod and they

were in this view followed by D'Orbigny, Morris, De Koninck, Leonhard, G. Sandberger,

AusTiN and almost all låter naturalists.

HiECKEL again, in his Morphologie vol. II, page cxiii, denies that the Conularia3 as

well as the other pala^ozoic fossils hitherto presumed to be Pteropods belong to thatgroup

of Molhisca and he thinks that no true Pteropods are found in a fossil state anterior to
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the tertiary formations. In still stronger terms than HiECKEL, Neumayr in his

paper »Zur Kenntniss der Fauna des untersten Lias in den Nordalpen», Abhandlungen

der K. K. Geologischen Reichsanstalt Bd vii Heft. 5 p. 18, also objects to the affinity

of the Conulariaj with the Pteropods and he regards them rather as Gastropods nearly

allied to the pala30zoic Capulida3 ^). But if we closer consider into this matter, there

appear points of connexion between the Conulariaa as palajozoic presumed Pteropoda

and the recent ones, which make it most likely that the questionable fossils really are

Pteropods. First, as to the exteriör shape, it seems very difficult to deny that the

palajozoic Hyolithes and several of the recent, as for instance Cleodora australis Rang
resemble each other in a high degree, There are also instances of a pyramidal shape

in the threesided shell of Cleodora lanceolata Rang or Cleodora pyraraidata and several

others, Cleodora Deluciana forming an irregular sixsided pyramid thus making an

approach to the foursided shell of Conularia. As to the peculiar transverse ornamen-

tation of the last mentioned genus there are several instances of close resemblance to

what obtains in Conularia la3vis; as for instance in Cleodora balantium Rang (Balan-

tium Childreni Adams p. p.) and others. Moreover, araongst the noAv living Pteropoda

there is a sufficiently large araount of widely different forms, more so than in any

other group of the mollusca, that it is almost unnecessary to talk about close correspon-

dence in the exteriör shape between species so widely apart in a chronological point

of view as the Silurian or palasozoic and the recent ones.

If not the nature of the shell in Conularia did exclude all thought of their

being Gastropoda allied to the thick-shelled Capulida3, the presence of two peculiar lon-

gitudinal septa on the inner surfaces of the shell of some Conularia3, as for instance

C. bilineata and C. aspersa at once makes such a comparison impossible. Their pre-

sence, on the contrary, is a homology with the recent Pteropoda, amongst which se-

veral of the Cleodorte and the Styliola3 are provided with quite similar septa. These

septa do not occur in all Conulariaj, but are represented in many by one or more

median, ingoing folds. When more specific forms shall have been found and there is more

') Lately also Ihering in his paper: »Die Apt^^chen als Beweisinittel fiir die Dibranchiatennatur der

Ammoniten» in N. Jahrbuch fiir Miner, nncl Geol. 1881, Bd 1 p. 87 insists that the Conularite are no Ptero-

pods, but rather to be considered as Cephalopoda, analogous to Endoceras. Of course the thinness of the shell

in tnost of the Conularioe cannot in itself be held as a very valid argument for their relation to the Pteropods,

but taken in connexion with the oharacteristic ornamentation of its exteriör, with the remarkable longitu-

diiial septa of the interiör the aspect of the matter looks otherwise. The argument proferred that since the

Palaeozoic period no Pteropoda have been found before the Tertiary age is of no value. Since the year 1881,

when lilEiiiNG published the statement given above, Conularire as well as Hyolithes have been detectcd in

raesozoic formations and moreover the circumstance of a fossil form not having been found docs not imply

that it never did exist when the strata in question where formed. The same mode of reasoning might some

time ago have been as well applied for instance to Chiton, of which then no speeimens were known in the

strata between tho palicozoic and latest tertiary. The significance of the size in the palpeozoic and the recent

ones is not to be taxed as high as Ihering and his followers think. Nor can I find on what grounds Ihering

enumerates Hall and Salter amongst the supporters of his views. The former in his latest works at least

places the Conularife amongst the Pteropoda, as well as Salter in his postiiumous Catalogue. Dana in the

Manual of Geology makes the mistake to delineate the septum of Conularia with a siphonal opening. The

presence of one or more diaphragms in this shell proves quite as little their nature of Cephalopoda as the occur-

rence of diaphragms in true Gastropoda or even other groups of animals (Serpnlfe and others, Amplexus

araongst Corals) prove anything for their being Cephalopoda.



KONGL. SV. VET. AKADKMIENS HANDLINGAR. BAND. 19. N:0 6. 41

ample material to work upon, these peculiarities in structure may serve to subdivicle

the Conularia3 in narrower circumscribed subgenera, as there are concomitant charac-

ters, for instance in the ornamentation.

As to the peculiar diaphragmas, which have been observed in so many ConularioB

near the apes, in sorne species one, in others several, there is nothing in this feature

that is discordant with the interiör structure of the Pteropods, in so many respects

aberrant from the other Mollusca. In the genus Triptera Quoy & Gaymard (Cuvieria

Rang) ^) there is a diaphi-agma or entire transverse septum near the apex, dividing the

shell into one large chamber, where the animal is lodged, and one smaller, forming

the empty tip and often deciduous, quite as it has been the case with Conularia, where

the apex is gone below the septum. In consequence of what now has been stated, this

genus Conularia may be left amongst the Pteropods, until some positive and decisive

facts have been adduced, causing its removal into another systematic place.

There is, however, a species, C. fecunda, described by Barrande in his Syst.

Silur. de Bohéme, vol. III p. 38, which has an exceptionally thick and heavy shell, of

many superimposed layers of shelly matter. Such a fossil may throw doubt on the

Pteropodan nature of the whole genus. This species links another curious fossil. Te-

tradium Fr. Schmidt, non Dana ^), with the Conulariaj and makes it probable that it

may stånd in some affinity to them, though it not, as has been supposed, is likely to

have been the operculum of some Conularia. It is quite as heavy and compact as C.

fecunda and the anterior aperture has the side corners prolonged into hornlike spines.

As to the interiör tubular structure as shown by Schmidt in his fig. 8, and which

according to him also is seen in Conularia, it may probably be derived from some

parasitic fungus, as so often is the case and also may be seen further down in Tryblidium.

In the specimens of Conularia, which I have exarained, I have not hitherto found any-

thing at all analogous.

In Sweden the Conularias make their first appearance in the Upper gray Ortho-

ceratite limestone of the isle of Oland with a species, which is scarcely discernible from

the låter, which occur in the Chasmops limestone of Boda on Öland, in the younger

Retiolites shale of Borenshult in Östergötland and, as it now seems likely, also in the

Upper Silurian strata of Gotland under the name of C. cancellata Sandb.

Of this genus there are found in Gotland five species of which three are compa-

ratively coramon, but of the two others only one specimen to each is known.

These species may be arranged in the following groups.

* Ornamental ribs thick with closely set tubercles.

1. C. cancellata Sandberger.

2. C. monile n.

') Description de deux genres nonveaux nppnvtenaiit ;\ la classe des Ptéropodes, Ann. So. Nat. Torne XII

p. .324.

^) ScHMiuT Miscellanea Silurica II. in Mém. de TAcad. Se. de St. Petersbourg VII Ser. Torne XXI. N:o

11 p. 42.

K. .Sv. Vet. Akad. Haaill. Bd. 19. N:o (i. 6
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** Ornamental ribs smooth.

3. C. lasvis n.

*** Ornamental ribs extreraely narrow and closc with microscopically miniite

tubercbles. Two median septa along the faces.

4. C. ilineata n.

5. C. aspersa n.

1. Conularia cancellata Sandberger.

Pl. I fiff. 1—3.

Dalman (not Sow.) Vet. Akad. Handl. 374, tab. IV f. 3.

HisiNGEE Anteckningar hft. 4; 72, 236. •

Id. Tableau des pétrif., 8.

Id. » » Ed. 2, 6.

Id. Lethfea Suecica, 30, pl. X f. 5.

SowERBY in Mdrciiison Silurian Syst. II, 626, pl. XII f. 22.

His. Anteckn. VII, 70.

Morris Catal. Brit. Foss. 168.

Verneuil in Mcrchis., Vern. & Keyserl. Russia vol. II, 348, pl. 24 fig.

5 a—b.

Morris Catal. Brit. Foss. 2d Ed. 232.

Salter Appendix to Sedgwicks British Palreozoic Fossils, VI.

Pr. Schmidt Untersuch. Silurform. Estlands, 209.

Salter Siluria 33 Ed., 550, pl. 25 f. 10.

EicHWALD Lethrea rossica vol. I, part II, 1052.

Etheridge in Siluria 4:th Ed., 534.

Lindström Noraina fossiliura Gotlandiae, 23.

Salter Catal. Cambridge Sil. Fossils, 67, 153, 171, 185.

Sandberger Neues Jahrb. f. Min. & Geol., 20 (= C. quadrisulcata Sil. Syst.)

Bronn Nomenclator, 327.

Mac Coy in Sedgwicks Brit. Palseoz. Rocks, 287.

Etheridge in Siluria 4:th Ed., 534.

Heidenhain Graptolithfiilirende Geschiebe der norddeutschen Ebene. Zeitschr.

d. Deutsch. geol. Ges., 162.

Sandberger N. Jahrb., 14 (= C. quadrisulcata Dalman, His.)

Bronn Nomenclator, 327.

Sandberger N. Jahrb., 19 (= C. Sowerbyi Vern. and Morris).

Bronn Nomenclator, 327.

Barrande Neues Jahrb. f. Min. & Geol., 2.

Id. Défense des Colon. III, 41.

Id. Syst. Sil. Boh. III, 48, pl. 5—6.

Shell conical, quadrilateral, but so much compressed from the sides, that it looks

almost bilateral, two of the four faces being on the same side, divided through a deep

furrow, which runs exactly along the median line of that side from the aperture to

the apex. The two other dividing furrows are situated at the exteriör edges of the

shell. A transverse section near the apex is in well preserved specimens rhomboidal,

further down towards the apex elliptical or resembling the number 8, being deeply

indented along the median axis of the sides by the lateral grooves. The four sides

are each, near the aperture, prolonged into a broad tonguelike lobe, through which the

aperture is much narrowed, as these four lobes nearly meet and only have a narrow

Conularia quadrisulcata. 1824.

u )) 1828.

» » 1829.

u » 1831.
» » 1837.

» » 1839.

)) » 1840.

c. Soiverbii. 1843.

» 1845.

» 1854.

» 1855.
» 1858.
» 1859.
» 1860.
)> 1867.
» 1867.
)) 1873.

C. cancellata 1847.

» 1848.
» 1855.

B 1867.
» 1869.

C. curia. 1847.
» 1848.

C. erenijugata. 1847.
»

"
1848.

C. proteica 1854.
u 1865.
» 1867.
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opening between them. The shell is exceedingly thin and coiisequently wrinkled and

inucli cnished, but still retaining the delicate details of its fine ornamentation. It

consists of two layers, the inner one being thinner and of a paler colour, The colour

is påle yellow and in some instances brownish. The transverse ridges of crenulations

which adorn the exteriör surface are tive on a length of 2 millimeters, and bent in an

obtuse angle upwards, towards the median axis of the side, in some the inclination

being so feeble, that the ridge nearly has the form of a straight line. The longitudi-

nal axis is not always exactly in the midst of the side, being in some specimens si-

tuated a little nearer the outer edge and thus dividing the face in two unequal moie-

ties. The furrows between these ridges are nearly twice as large as them. The orna-

mentation of the ridges and the furrows varies with the distance from the apex. Near

this the ridges are smooth withoiit any indentations, but they are higher up first beaded

by blunt tubercles, which from the middle of the shell take the shape of more or

less blunt spines, as is shown on a magnified scale in figures 1— 3. Each spine con-

tinues downward into the furrows in a sort of handlelike prolongation, obliquely slan-

ting towards the median axis of the side and between these handles there are oval,

excavated pits. The spines of the adjacent ridges, as seen in figures 1—2, are arran-

ged in alternating position; every second row having its spines above each other and

placed opposite to the interstices of the two nearest, below and above. In a longi-

tudinal section therefore, as figure 3, there are seen alternating long and short spiny

projections, the long ones being real spines, the shorter again the next ridge, cut

through in a spöt between two of its spines. The spines are interiorly hollow towards

their base and consequently, when the point is broken off, as often happens, an an-

nular opening is formed. The septum, which is situated near the deciduous apex and

closes the shell, when the apex is gone, is smooth and glossy, of the same påle yellow

colour as the shell and covered by a few irregularly concentric lines.

Dimensions. Height 44 millim., breadth of a face near the aperture 16 millira.;

fragment of another face 23 millim.

Occurrence. It has been found in the oldest shale beds (a) in Fårö at Kyrkviken,

and other localities, in the lowest beds at Hallshuk, on the shore south of Gnisvärd,

and at Djupvik in Eksta. It has also been collected in the overlying limestone of Länsa

in Fårö, Snäckgärdet and Vattenfallet near Wisby. It is most common in Fårö, from

where the State Museum possesses nearly 30 specimens.

This species has a wide distribution in time and space. I cannot distinguish the

specimens occurring in the Upper gray Orthoceratite limestone of Öland, in the Chas-

mops limestone and in the Retiolites shale at Borenshult from the Upper Silurian spe-

cies ^). There are only small variations depending on the state of preservation and

others of mere subordinary value. Nor can I find any specific distinction between the

English and Bohemian specimens, which I have seen, and the Swedish ones. The beau-

tiful plates of Barrande moreover are decisive. It is unaccountable how this spe-

cies has been so often named as C. Sowerbyi De France. In vain I have searched in

^) For an elucidation of the various groups of the Swedish Silurian formation, mentioued here and elsevvhere

in this memoir, see Appendix A.
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the »Dictionnaire des Se. Nat.» where it is stated that De France lias iiaincd it. I

only lind in vol. 32 p. 193, artide »MoUusques», wliieh is entirely writteu by Blain-

viLLE, »Conul. Sowerbii Dkfii. Diet. des Se. uat., Fossiles», but on turning to that

article nothiiig at all is found coneerniiig Gonularia. The aceompanying figures are

exact copies from the Mineral Conchology of Sowerby of his C. quadrisuleata, whieh

no doubt is a Carboniferous speeies. C. Sowerbyi is consequently a synonym of this

species and not of the Silurian one. When thus neither the name C. quadrisuleata

nor C. Sowerbyi can be employed, we are obliged to adopt the next in chronological

order and then we have three deseribed, all at the same time, by Såndbekger. But

these three species, cited above, are only synonyms. Of these I have chosen C. can-

cellata as being given to the species of the »Silurian System». C. curta has the prio-

rity but is very unappropriate and seems to be founded on a spurious specimen. As
Salter, App. Brit. Pal. Fossils p. VI, remarks, the Devonian C. Gerolsteiniensis d'Arch.

& Vern. is so nearly related to this, that it may be considered as a variety.

Amongst the American Conulariai, deseribed by Hall, C. trentonensis, Pal. N.

York vol. 1 p. 222, possibly is the same as Gon. cancellata. See also Eichwald Leth.

ross. 1 p. 1057 on Gon. trentonensis.

2. Gonularia monile n.

Pl. I, figs. 9—12.

Shell formed as a regular, foursided, narrow and elongated pyramid. The trans-

verse section of the aperture is a regular quadrate having each of its corners inflected

by a groove. The shell substance is comparatively thicker in this than in the other

species and consists of an exteriör, darkly coloured sti-atum, which is thicker than the

interiör thin and påle one. The ornamenting, transverse ridges, of Avhich eight are

contained within a length of 2 millim., are bent in an obtuse angle, larger than in any

other Swedish species. Its apex is situated exactly on the median axis of the face.

The interstitial furrows are quite as large as the ridges or a little narrower. The ridges

near the apex of the shell are smooth or nearly so, higher up they are closely studded

by narrow, elongated, laterally compressed or sharply edged lamella3, ending in an

accuminated point upwards and placed in oblique rows on the ridges, their lower apex

turned against the median axis. The intervening furrows are quite smooth. On the

nucleus, where the shell has been destroyed, there is an impression of a median ridge,

nearly one millim. broad. It runs on the inside of the shell along the median axis of

each face, thus corresponding to the line which may be thought combining all the

apices of the angular ridges on the outside. It forms consequently a blunt, longitudinal

ridge on the interiör wall of the shell. Height 24 millim., diameter at the aperture 14

millim., diameter across the lower broken end 5 millim., diagonal line at the upper

aperture 14 millini., diagonal at the lower end 6 millim. Found only once in the

limestone strata b near Wisby.
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3. Conularia Isevis n.

Pl. I figs 13—16.

Shell regularly pyramidal, foursided, elongated and narrow. Transverse section

of the aperture quadrate, the four faces being of the same size or nearly so. Owing

to the deep fuiTOw along the uiiddle of each face the outline of the transverse sec-

tion becomes nearly quadrilobate. The shell substance is thicker than in anyone

of the other species. It is glossy, brownish yellow and an exteriör thicker stratum

covers the interiör one, which is paler and thinner. It is transversally wrinkled by

irregular folds, curved upwards in a gentle arch, sometimes large and sometimes narrow.

In some specimens there are only faint traces of such wrinkles and the shell is almost

smooth, even for long distances. The wrinkles are often not continuous across the

deep, longitudinal furrow, which divides each face into two halves, but are in pairs,

which do not always exactly correspond with each other, the opposite ones not being

placed on the same level. Besides these wrinkles there is no other ornamentation

excepting smaller and finer stria3 parallel to the wrinkles. The longitudinal median

furrow is, as already mentioned, uncommonly deep, but there are no vestiges of any

septum, connected with it on the inside as in some other species. The grooves in the

corners are entirely smooth and the transverse folds cease ere they reach them.

Height of the most complete specimen 27 millim., diameter at aperture 12 millim.,

diagonale 14 millim., diam. of the broken apex 4 millim. A fragmentary specimen from

a detached block of the white limestone of the stratum c measures 35 millim. in

length, 13 millim. in breadth.

It has been found in several specimens in Fårö, in the limestone of Bara hill,

near Wisby in the middle limestone stratum, h, and in the passage bed with Ptery-

gotus between the strata b and c and lastly in the limestone with Rhizophyllum near

the church of Lau.

This beautiful species, so dissimilar to the other Gotland species is nearly related

to the English Lower Silurian (Caradoc) C. lajvigata Salter Mem. Geol. Survey, III,

354, which, however, is rhomboidal in its section. The Bohemian C. pyramidata Hoe-
NiNGHAUs (Barrande. Syst. Sil. Boh. vol. III, p. 50, pl. 2 fig. 1—6) is much larger,

but of the same tapering, straight pyramidal form and has the wrinkles unequal. A
much låter species, the Gon, missourensis Swallow from the Carboniferous formation,

comes also very near to C. Ia3vis.

4. Conularia Ibilineata n.

Pl. I figs 4—8.

Shell regularly foursided, pyramidal, but short in proportion to its broad basis,

Two of the sides are larger than the others and the opposite sides are of the same
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size. The section of the aperture is rectaiigular with tlie coniurs roundcd and a littlc

bent in by the grooves. The substance of the shell is extremely thin, quite as uiuch

as in the folloAving species, and seems to consist only of a single stratum, which has a

chcstnut brown colour. The outer surface is very finely striated by arched, almost

microscopically minute, transverse lines. They form a gentle cnrve, highest at the

median, longitudinal axis of the face and lowest at the corners, where they again are

slightly bent iipwards. They are so crowded as to be about 26 within a length of 2

millim. from the midst of the shell and upwards (fig. 7), biit lower down, near the

apex, the}' are more apart (fig. 6), that the interstitial furrows there are nearly

thrice as large as the elevated lines. When these transverse lines are examined with

high magnifying powers they are seen to be covered with closely set, elongated, oval

tubercles (fig. 8), protracted into acuminated apices above and below. The interstitial

furrows are quite smooth and glossy. What is most remarkable in this species is the

presence of two longitudinal septa on the interiör surface of each face. They are seen

on the outside through the transparent shell, as two black longitudinal lines, which

continue slightly diverging from each other, being one millim. distant near the apex

and 3 millim. near the aperture, always on both sides of the median axis of the face.

They project a little inward in the cavity of the shell, as seen in fig. 5 and they

correspond evidently with the single ridge of which there is a faint trace in Conularia

monile and are probably also homologous to the longitudinal septum of the recent

Styliola. — Height 40 millira., breadth at aperture 32 millim., shorter diam. of same

28 millim., diagonal 35 millim,, breadth at apex 5 millim. Hitherto only one specimen

has been found in the shale beds at Länsa in Fårö.

5. Conularia aspersa n.

Pl. VII figs 1—3; pl. XIX fig. 1.

Shell tapering, conical, probably regularly pyramidal, but this cannot be ascer-

tained as the extreme thinness of its substance has caused that it has been preserved

only in compressed and wrinkled specimens and consequentl}' the outlines of only one

face is laid in view, when the soft, marly limestone in which it is enclosed, is split open.

Although the thin shell is bent in many creases and wrinkles, its delicately ornamented

surface is beautifully clear and distinct. Along the median axis of each face there

run two straight, nearly parallel septa, visible on the outside as dark narrow lines.

There are absolutely no ingoing folds on the exteriör surface, where they are situated,

what is so common in other species except the preceding one. They slightly deviate

in their course upwards and are nearly two millimeters apart near the aperture. The

transverse rows of the ornamental tubercles are more closely set than in the preceding,

nearly related species. They number as many as 14 along a longitudinal line of one

millim. Being so close, they with their tiny tubercles give the surface a chagreened

appearance. The tubercles are nearly circular knobs with the interstices confusedly

streaky. The colour is dark brown or chestnut.
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Length 51 millim-, breadth near aperture 25 millira.

Several specimens have been found in the Pterygotus beds between the middle

and superior limestones at Vattenfallet near Wisby.

This and the preceding species form a division of thcii- own witli two septa on

each face and the microscopically minute ornamentation. Among coöval species the

Bohemian C. nmnita is somewhat reserabling.



GASTROPODA.

Fam. I CHITONIDtE Guilding.

Gen. CHELODES Davidson & King.

1867 Cliiton Barrande Syst. Sil. de Bohéme vol. III p. 175.

' 1874 Clielodes Davids. & K. Qu. Journ. Geol. Soo. p. 167.

Valves oblong, generally longer tlian broad; no lamince of insertion nor sutural lamince;

apical area of the inside higldy developed.

It was only with sorae hesitation that I placed these curious fossils, of which

there are at least two species, amongst the Gastropoda as a genus of the Chitonidae.

Led astray by sorae superficial points of reseinblance I at first mistook theni for one

of the aberrant group of the Brachiopoda, the Trimerellidas, and accordingly sent the

material I then could dispose of to Mr Davidson, when he jointly with Prof. King

was working out a Monograph on that group. They described the only form which

was then known as Chelodes Bergmani '), stating that it was none of the Trimerellidse,

bnt that it rather should be considered as belonging »to a section of the Coelenterates,

represented by Calceola and Goniophyllum». The authors do not expressly say whether

it should be regarded as the polyparium itself or as the operculum, but it seems most

likely, that they have thought the last to be the case. There is, however, no coral in

the Silurian formation of Gotland that possibly could have been provided with an

operculum of so peculiar a shape. The form of the calyx at its aperture is generally

circular or polyedric, never assuming such an outline as Chelodes shows.

There is not the least doubt that these questionable fossils belong to the same

genus as those which Barrande in the third volume of his grand work »Systérne Si-

lurien de la Bohéme p. 175, pl. 16 fig. 19—28 has figured and named Chiton Bohe-

micus. Besides this there are several other pala?ozoic fossils of almost the same shape,

which have also been referred to the genus Chiton. Closely related to the Silurian ones

are some detached plates, which Kirkby has described and figured with some hesitation

1) Qn. Jouiual Geol. Soc. 1874, p. 167.
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as belonging to his Chiton? cordatus^). It may now be questioned whether all these

similar fossils truly be reruains of Chitons or not. What most strongly militated against

their belonging to that fainily of Gastropoda was the circumstance that they are all

entirely wanting the characteristic two apophyses or sutural laminaj which are si-

tuated in the anterior margin of the plate and believed to be present in all recenl

Chitons and in almost all the palajozoic ones described by de Koninck, Ryckholt,

KiRKBY, BAir.Y, Salter and Sandberger. In the Gotland specimcns and, as far as one

is able to judge from the figures and descriptions of Barrande and Kirkby, also in the

Bohemian and the supposed median plates of Chiton? cordatiis there is not the least

trace of there ever having been any apophyses. Nor does the elongate shape of the

plates, generally longer than broad or often of the same height as breadth, agree with

the transverse form of the plates so common amongst the recent and fossil Chitons.

As Kirkby remarks (Qu. Journ. Geol. Soc. vol. 15 p. 617) there is, however, one of

the recent Chitons, Ch. hastatus Sow. ^), in whieh the interniediate plates bear a close

resemblance to the palteozoic ones. Moreover, in tlie recent genus Leptochiton Car-

penter, now confined to the arctic and temperate seas, there is an approach to the

plates in the palaaozoic Chitonidaa as they are without any laminaj of insertion, but

raostly provided with sutural larainaj^).

On the inside of the plates of Chelodes there is also a feature, which is by far

not so prominent in Chiton. At the pointed posterior end of the inside is a large

triangulär area, covered by transverse, parallel, curved lines of growth. In Chelodes Berg-

mani, for instance, it occupies a little more than half the length of the plate. A similar,

I should be inclined to say a homologous, area is seen ou quite the corresponding

place in the more recent Chitons, although it there in raost of the transverse plates is

restricted to a narrow stripe. In others again it occui)ies nearly a third of the total

length of the plate. It seems hardly to have receivcd all the attention it deserves,

even not by such an accurate monographist as Middendorff. It is evidently with this

part of the interiör surface that the plates posteriorly overlap each other and which

consequently is not covered by the tissues of the animal. By the continued growth of

the plate this area must be enlarged, when the soft tissues retire and a new line of

growth is added to it. The mode of formation of the interiör apical area of Chelodes

has in all probability been the same, although it is enormously more developed than

in most Chitons, perhaps only having its counterpart in Chit. hnstatus.

Excepting the Chitons there are no other shell-covered animals with which Che-

lodes may be compared than the Lepadida;. Amongst the numerous valves, which

form the integument of the Lepadida^ there are only two or three regularly formed,

whilst all the others are more or less oblique. There is indeed some similarity be-

') »On the permiaii Chitoiiidix;". Qn. Journ. Geol. Soc. vol. 15 (1859) p. 61G, pl. IG (igs. 25—26 and
also in the Geological Magazine vol. 4, p. 341, pl. 16 ligs Ila— 11b, whero Kiukby and .T. Young describe

the Chitons from the Garboniferovis strata of Yorkshire and Western Seotland.

^) Reevr Coiichologia Iconica, vol. IV. pl. 25 fig. 166 and plate showing details of sculptiiro, enlarged

fig. 166.
') Dali,, H. W., the resnlts of the recent investigations into the Natiiral Hist, of the (Miitonidae. Sraith-

sonian Miscellaneous Collection, vol. XX, p. 193.

K. St. Vot.-Ak.ad. Haiidl. Bd. Ii). N:o C. 7
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tween the valve which Darwin calls rostrum O and Chelodes. This is evident if we for

instance compare the rostra of the genus Scalpellum Darwin, Lepa,dida3 pl. VI, tigs.

6a, 7a, 8a, and arnongst the fossil ones Pollicipes Nilssoni Darwin, Fossil Lepadida;,

Pl. III fig. lid, and it seems indeed very likely that some of them really have been

mistaken for Chitons and figured by Kirkby • in the paper cited above. The general

outline is almost the same and on the inside there is also an apical area, composed

of concentric lines of growth. This area seems, however, not to have been formed in

the same raanner. In the Chitonida) and consequently also in Chelodes its superior

or youngest margin is always elevated above the upper or distal part of the interiör

face, as is also the whole area; in the Lepadidai again the area is generally lower than

the other surface. If Chelodes were a Cirrhipedian, it Avould be in the highest degree

stränge if only one valve, the regularly formed rostrura, had been preserved and not

a single one of the others, which are at least six in number, but in some species much
above hundred.

A quite different conjecture as to the nature of this fossil is given by Ihering in

his paper on Aptychus''). He there, page 70, says »that it is at least to me highly

probable that what Barrande has described as the plates of Chitons, in the reality are

Aptychs of Silurian dibranchiate Cephalopoda». He continues, that if they are de-

rived from Chitons, they can be interpretated only as the final plates and it is stränge

if only these were preserved of all eight plates. Against this is to be remarked first

that the plates figured both by Barrande and by me are not all identical, but of difife-

rent orders, secondly that in the recent Chiton hastatus the plates are quite as acu-

minate and elongated relatively as in the Silurian ones. Moreover, the conformation

of the inside, which was unknown to Ihering, removes these fossils from Aptychus.

As to the microscopical structure, on which Ihering justly lays so much stress, there

is unfortunately no guidance to be had, as the chief mäss of the very thick plates of

Chelodes has been converted into clear, transparent calcareous spar.

What, for the rest, adduces me to range Chelodes, at least provisionally, with the

Chitonidaj, notwithstanding all that has been said to prove its similarity with other groups,

is the circumstance that the exteriör ornamentation of the plates is in complete accordance

with that of the Chitonida?. Moreover, there is at least one ascertained instance, in which

valves of the palasozoic Chitons, also wanting apophyses, have been found in their ori-

ginal position. In the specimen of Chiton Grayanus, drawn on plate I fig. 1 of de Ko-

ninck's »Deux espéces siluriennes de Chiton», there are five valves in juxtaposition.

But if we now are to conclude that Chelodes is one of the Chitonids, it shows

so great differences from the others, that it cannot belong to the genus Chiton pro-

per, Avhere Barrande placed it, but must form a genus of its own. Of all the palajo-

zoic subgenera, no less than 13 created within the last twenty years,there is one, Sag-

maplaxus Oehlert''), which so nearly coincides with Chelodes that both may be con-

') Darwin Monograph of Cirrhipetlia. LepadidiB. Eay Soo.

-) Die Aptyclien als Beweismittel fiir die Dibranchintennatur der Ammoiiiten. N. Jalivb. fiir Mineralogie

etc. 1881, 1 Bd ?Ieft 1, p. 44.

^) Doouments pour servir å Fétudc des Faunes dévoniennes dans Touest de Prance in Mém. Soc. Géol.

de France 3:me Sér. torae II, p. 15, pl. II, fig. 3, 3 a, 3 b.
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sidered as ranging very near to each other. The author says expressly »il u'existe

pas d'apophyses d'insertion a la partie antérieure». Its area is also described as large

as tliat in Chulodes. Sagtnaplaxus occurs in the »Dcvonien inférieur de la Sarthe»

and can indeed be said to be a more developed descendant of Chelodes. It is by

far larger and longer than the latter.

1. Chelodes Bergmani Davidson & King.

Fl. II ligs 1—8.

Chelodes Bergmani 1874. Dav. & K. Oa the Trimerellidre etc. Qu. Journ. Geol. Soc. vol. XXX, p. 167, pl.

18, fig. 14—14 a—d.

Plates of conical outline, anterior margin straight or slightly eraarginated or even

convex, lateral margins eontinuing nearly parallel a little below the middle, then sud-

denly converging to form the acute posterior apex. Surface somewhat weathered,

shows faint traces of punctuate ornamentation on the transverse lines of growth. These

are most conspicuous near the lateral margins and they are parallel with the anterior

margin of the plate. In a transverse section the plate has the shape of a crescent,

being evenly arched, without any sinuosity on the back. The inside of the plate is

divided in two parts, of which the posterior, occupying exactly half the total length,

consists of the slightly excavated apical area. The transverse, gently arched lines of

growth resemble narrow, low ridges or callosities, they are very numerous and dense

and the whole area is raised a little above the anterior part of the valve. This is

longitudinally divided in two portions by a well marked sinus, towards which the sides

gently slope. This anterior surface is smooth, showing only indistinct traces of mus-

cular impressions towards the lateral margins, being near the sinus coarsely and lon-

gitudinally wrinkled. All around the lateral margins of the interiör surface there runs

an elevated narrow börder, formed, as it were, by the bending över of the exteriör

shell stratum. The plate is at its thickest in the median part and thins off towards

the apex.

Height 20 millim., breadtli 13 millim.; thickness in the middle 5 millim., at the

apex 1,5 millim.

Two specimens have been found in the uppermost limestone of Klinteberg and

a single plate in the oolite quarry near Gannvik in Grötlingbo.

2. Chelodes Gotlandicus n.

PI. II figs. 9—27.

Plates cordate, with anterior margin deeply emarginated, posterior apex acumi-

nated, lateral lines, combining anterior margin and apex, gently curved. The plates

are generally longer than broad, much varying, as may be seen by the dimensions given

below, some even being transverse. They have consequently been placed in different

positions of the series. They are much more elevated along the median line of the

back, than in the former species and the sides are more sloping. In a transverse sec-
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tion (lig. 23) they form u nearly right ungle. Tlic surface is deeply grooved by

transverse ridges, coincidiiig with the liiies of growtli and separated from each

other tlirougli narrovv interstices. They exactly follow the same directiou as tlie out-

lines of the aiiterior margin, being bent backwards at the lateral margins, then for-

wards and on the middle of the back again backwards, thus forming a sigmoid line.

They are most conspicuous near the mai'gins. There is a central area formed by two

hiteral, lougitiidinal grooves, which run nearer to the kxteral margin than to the cen-

tral ridge and converge towards the posterior apex. These grooves are conspicuous

in a few specimens, being effaced by corrosion in the othei-s. The exteriör sur-

face is moreover ornamented by numerous, minute wartlets, which are closely set

in regular, transverse rows (tig. 15). On the inside of the valves there is seen, first

the posterior apical area, which is of highly vai-ying width, in some occupying nearly

half the length of the surface, in others only a fourth (fig. 25) just as in a recent

Chiton, of which a figure is given on plate II, fig. 28. Owing to the state of con-

servation of the specimens, the lines of growth are more obscure than in the former

species. The whole inside is longitudinally divided into two halves by a deep sinus;

the sides being more scooped out at the apical area, the side parts of the anterior

surface being more tnmid. No traces of muscular impressions are visible-

Specimen A height 18 millim., breadth 14 millim., B h. 11 millim., br. 12 millim.,

C h. 18 raillim., br. 11 millim. In a specimen of 14 millim. in length, the greatest

thickness of the plate is 3 millim.

This species is more common than the preceding and has been found in several

specimens at Grötlingbo in the oolite quarry near Gannviken, in the sandstone of Burs-

vik, in the oolite near Rone and also in several detached plates in the liaiestone above

»Kålens qvarn» near Wisby.

Fara. II. PATELLID^ d'Orbigny.

Gen. TRYBLIDIUM Lindström.

Syn. 1836. Metopluma Pu]Li,n's p. p. Geol. of Ynrkshire pt. 2 p. 223.

1880. Tryblidhim Ldm apud Angelin & Lindström Fragmeuta Silurica p. 15.

Sliell patelliform, obovate, anteriorly acuminate, posteriorly eniarged, forming a very

low cone. Apex anterior, nearly marginal, ivith only very little area heneath. Margin of

the ovate aperture arched, so that the animal, ivhen fixed, was not entirely hidden heneath

its shell. Muscalar scars in six, disconneded pairs, arranged in an oblong circle, opien or

nearly so towards the front part of the shell. Intiiiiate striicture of the shell souiewhat

resemhling that of the recent Patella, being composed of thin strata of polygonous cells.

This new genus, which I at first described in Angelins and my work »Fragmenta

Silurica» p. 15, had by some palasontologists long been considered as belonging to the
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brachiopoda, thoiigb they did not piiblish their opinion. VVhen we, however, couipare

one of the species, Tr. iinguis, with recent forms of the genus Patella, it is quite evi-

dent that it both on exteriör and intei^ior »rounds should be numbered amongst the

Gastropoda and especially in the fainily of the Patellida). In plate I, fig. 38 there is

delineated a recent species of the subgenus Nacella Adams from Foiia, which as to its

exteriör shape, sculpture and coloui'ing as nearly as possible resembles Tr. unguis fig.

33. And again if we turn to the interiör muscular scars and compare figures 30 and

37 on the same plate with Patella cochlear L. fig. 32, there is, if we except some

differences in the details, the same disposition of the six or seven pairs of thosc im-

pressions. The species of this Silurian genus Tryblidium, and especially, such a form

as Tr. nnguis may then be added to the so called persistent types of Huxley, which

as the Lingulaj and Cranias amongst the Brachiopoda and Calostylis amongst the Co-

rals have continued till our time with small or insigniiicant modifications in their

structure. It is intermediate between the recent genera Olana and Nacella.

In the Silurian species the scars are disconnected and deep, the more so in

the oldest form, ^^Patellcv^ antiquissima, from the Swedish Lower Silurian, being ap-

proached, though separated, in the Upper Silurian species. In the recent Patella;,

the scars are in most species nearly connected, though it, especially on their inner

margin, is possible to discern how they have been independent. This is the more evi-

dent, when we turn to the animal itself, where muscular pairs of variable number in

the same species, from six to nine, are distinctly detached and free at least partially

and do not form a continuous ring as in the Scutellidaj. As in Tryblidium the foremost

pair is also the largest with the recent Patella3, but there is the great distinction that

both these last muscles of the living Patella3 are united through a narrow stripe of

muscular tissue, forming an arched curve, also visible as a scar on the shell, whereas

in Tryblidium the narrow stripes which are emitted from the large, foremost scars do

not unite, but leave an open space between them. Characteristic to the foremost pair

in Tryblidium is also the large appendiculated scar on their inner margin, of a

peculiar reticulation, described more in detail below in Trybl. unguis. The change

in this respect from the older to the recent Patellaj has thus consisted in the concen-

tration of the once detached and entirely independent muscular scars.

In the »Palseozoic Fossils of Canada» Billings has described a species of Metop-

toma, M. Hyrie, p. 87, fig. 79, which comes near to Tryblidium unguis as far as may
be judged by the exteriör appearance. It is evident that Billings in the cited work

has enclosed within that genus too many species which do not show the characters

given by its author Phillips in »Geology of Yorkshire» pt. 2, p. 223 and that conse-

quently only some of them are true Metoptomaj. Meek and Woethen^) make the ade-

quate remark, that låter authors have given to that genus a greater extension than Phil-

lips intended. The new genus which I have proposed, differs from Metoptoma in wan-

ting the broad truncated area below the apex. The muscular scars also differcntiate

these two genera, as there in Metoptoma, for inst. M. pilens Phillips, according to De

1) Proc. Aoad. Nat. So. Philadelpliia, 1866, p. 266.
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KoNiNCK ill Descript. Anini. foss. de Bclgique Suppleiii., p. 685, pl. 58, liy. 1, exists

a coherent inuscular sear, horsc shoe shaped, with the apex of" tlie shell towards its

bind side ^), whereas in Tryblidiuin there are six pairs of detached scars, and the apex

anterior.

From the upperuiost beds of the Lower Silurian rocks of Esthonia, at Borkholm,

I hava seen specimens of two species belonging to this genus, true forerunners to the

two Upper Silurian ones; of these one can scarcely be distinguished from Tr. unguis,

the other again very elosely resembles Tr. reticulatum. From Raikiill in Esthonia, in

Friedrich Sciimidts stratum G 3, at the base of his Upper Silurian there occurs also

a third species, allied to Tr. unguis, but regularly, transversally irabricated by equi-

distant lines of growth, and of an almost elliptical outline.

Mr I. F. Whiteaves, of the Geol. Survey of Canada, has recently^) described a

»Tryblidiura Canadense» from the Guelph formation of Canada. In respect to its ex-

teriör shape it might well be united with the Tryblidia, though it is more elevated,

but the figures of pl. V, f. 1 & la show a narrow, continuous ring of inuscular im-

pression, quite unlike what prevails in the other Tryblidia and, moreover, there are

below the apex two oval depressions different from anything seen in the Tryblidia. Till

these points are cleared up, the Canadian species can only with hesitation be placed in

that genus. Whiteaves also thinks that Metoptoma Niobe, M. Nycteis, M. Eubule, M.

Erato and M. Hyrie Billings are typical species of Tryblidiuin. This can, however, not

be finally settled, before the inuscular impressions shall liave been discovered.

Metoptoma Erato Billings '»Palajozoic Fossils of Canada» vol. 1 p. 39, is near to

Tr. unguis, but probably identical with the Esthonian species, as it is derived from the

Lower Silurian stratum called »Black River Limestone». Nearly allied to this genus is

also the Lower Silurian »Patella antiquissima» described by Hisinger and formerly

found at Borenshult in the Retiolites shale. In outward shape it reminds of Palagac-

masa Hall, and it is also like several of the MetoptomaB, but the six pairs of most

beautifully preserved muscular scars place it near Tryblidium.

As to the first appearance of this group within the palasozoic era Ihering says

in his »Anatomie und Phylogenie der Mollusken», p. 82, »ist doch so viel sicher, dass

die pala30zoischen Patelloideen Tecturiden vvaren», and further: »in der Primordialfauna

sind schon die Tecturiden und Lepetiden vertreten», and he seems to confound the

Patellida3 with the Patelloideoi, as he numbers Patella vulgata amongst them, nor does

he anywhere mention the occurrence of the Patellida3. But through the occurrence of

the Tryblidia and other kindred genera, already present in the Lower Silurian we find, that

the Patellidai were also represented by numerous, well developed shells and consequently

that both families, the Tecturida; and Patellida3 coexisted.

') NicHoLsoN again in his Handbook of Palaioutology 11 p. 34 says that iu Metoptoma »the muscular scars

consist of a number of disconnected cavities».

2) Geol. & Natural History Survey of Canada. Palieozoic Possils, vol. III, pt 1, pp. 30—31, 1884.
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1. TryTblidium reticulatum Lindstr.

n. I figs. 25—31, pl. III figs. 1—5.

Tr. reticulatuiii. 1880. LiNDST. in Anoeltn & Lindström Fragraenta Silurica p. 15, t,ab. X, lig. 7— IC.tab. XIX,

(ig. 9—12.

Shell miich depressed and gencrally more flat than the following. Apex obt.usc,

erect, with a narrow, area-like zone between itself and the margin of the shell. Out-

line of the shell, when seen from above obovate, anteriorly acurninate, enlarged towards

the posterior margin. The surface is ornarnented by a series of thick, transverse and

concentric, elevated laminas, which in the anterior, third part of the shell intercross

with each other and thus forin an elegant network, but in the other two thirds of the

surface are parallel, wavy, thin at the edges, thickened towards their base, and evi-

dently formed by the margins of the shell bending upwards. In the olde.st part, corre-

spouding to the shell of the young, the callous, transverse lines are very fine and

crowded. Around the apex there is almost always an oblong space more or less ex-

foliated. The exteriör stratum of the shell is there worn away, making the interiör yellow

stratum alone visible. Sometimes there is the false appearance as of a forainen, which

has been filled up again, but this is evidently owing to imperfect corrosion.

The aperture is obovate, the margins very thick, forming a callous börder. When
seen from the side the line formed by the margin is an elongated curve or an arch,

hio^hest along the raiddle of the shell and sinkino; towards both ends. The foot of the

animal, when resting on its basis, must then have been left uncovered along the sides.

On the interiör surface, which is very smooth and almost glossy, there is a dark co-

loured circle, formed by six pairs of muscular scars, of which the foremost are the

largest and nearly connected by narrow appendages, like stripes, almost as in the recent

Olana cochlear. See plate I figs. 30, 32. Each separate scar is more elevated towards

its curved interiör margin and at its exteriör margin they are lobate or lacerated. The

foremost pair is the largest, composed as it were, of several parts, of which the iuner-

most is elongated, elliptical, the exteriör one irregulai"Iy square; from its anterior

margin there projects, from each pair, a narrow stripe; these stripes do not unite,

but leave between them a short space. The central surface, enclosed by the muscular

ring, is excavated in shallow, arched depressions all along the interiör börder of the

scars, being situated in the interspaces between these. The scars themselves are

separated through narrow projections from the enclosed surface. Sometimes there are

large concentric callosities') due to the irregular growth of the margin, which cross

the central field.

There are specimens still retaining traces of the original colour of the shell in

dark longitudinal stripes, distinctly conspicuous on the other dull surface (f. 29).

As to its intimate structure the shell consists of two distinct strata, of which the

exteriör one easily peels off and the interiör, in specimens from certain localities, is

the only one left on the nucleus of the shell. The exteriör stratum is thick, attaining

as much as 5 millimeters in some parts. It consists of very thin laminaj which seem

') Fragm. Silur. pl. XIX fig. 9.
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to be composed of prismatic cells. Near the apex this outer stratum is entirely pris-

matic. It is generally of a whitish hue, contrasting with the interiör one, which is

yellow. The låter is very thin, consisting of minute lainella3 of an apparently prismatic

structure. A singularity in structure is that figured on pl. III f. 4, a longitudinal

section, showing the extreinely thin lamella3 perforatcd, as it were, by narrow tubes.

These cannot, as the following, be extraneous, låter formed organisms, but must have

originated at the same time as the laminas of the shell, as it is clearly seen that these

lamina3 are bent exactly where the tubes are situated.

Almost the whole exteriör stratum is closely perforated by what seems to me
to be a different, parasitic organism. When seen with a pocket lens of sufRcient power

the surface is pitted by a number of irregularly placed, creara-coloured points (pl. III

f. 5) which are soraewhat elevated above the surface. In a thin, vertical section these

white döts are seen to prolong downwards through the lamella? of the shell as tubes

which generally branch or anastomose so as to form three or four or even raore branch-

lets (pl. III f. 1), all filled with the same uniform cream-coloured matter. In a trans-

verse section they are also remarked to subdivide and to form openings of stellulate

appearance (pl. III f. 2). Similar fossil and recent organisms have been found already

long before. Duncan ') has described some small microscopic organisms, which pene-

trate the corals of the Devonian and Silurian times. Kölliker ^) has also more in full

described a great number of such minute, parasitic forms from several invertebrate

animals. Thus he mentions nine species of Gastropoda with perforated shells and he

makes the same conclusion as Wedl before him, that this is due to fungous growth

or to the mycelium of microscopic fangi. The white radiating tubuli in the shell-

substance of Trybl. reticulatum make the impression of haviiig been at first open and

then to have been filled with liinestone of another kind. In the nearly related species

from Esthonia no such tubes are visible.

Length 40 millim., breadth 25 mill., height from margin of aperture 8 millim.

Found in the northern strata of Gotland, in Fårö at Länsa, Lutterhorn, in the

limestone of Wialmsudd near Fårösund, Svarfvare huk, in the canal at Westöös in

Hall and in the uppermost limestone beds of Slite. It belongs only to the higher

limestone beds of Gotland, possibly beginning at the top of b. In the Lower Silurian

of Esthonia at Borkholm, F. Schmidts stage 3, a variety of this species has been found,

only distinguished by its thinner shell and finer reticulation, the interspaces between

the callosities of the surface being nearly of the same, small size över the whole shell.

2. Tryblidium unguis Lindst.

Pl. I figs. 33— .37, pl. XIX fig. 2.

Tryblidium unguis 1880. Lindst. iii Angelin & Lm Fragmenta Silurica p. 16, pl. II, fig. 10—14, excl. fig. 15.

Shell of obovate outline, anteriorly acuminate, posteriorly expanded, with the

greatest breadth somewhat behind the median, transverse axis of the shell. It is re-

') Oii sorae unicellular Algre parasitic witliiu Silurian and Tcrtiary Corals. Qu. Journ. Geol. Soc. 1876, p. 20.5.

•^) Ueber (las ausgebreitcte Vorkoramen von pflanzlicheii Parasiten iu den Hartgebilden niederer Tliiere.

Zeitschrift f. wissensch. Zoologie lOr Bd 1860, p. 215.



KONGL. SV. VET. AKADEMIENS IIANDL. BAND. 19. N:0 6. 57

gularly and moderately convex, being most elevated near the median transverse axis.

The apex is close to the anterior margin and only very little prominent. The surface

of the shell is covered with thread fine ornamental lines parallel to the regular con-

centric lines of growth, somewhat interrupted by deeper sulci. It is generally even

excepting some wavy, irregular, shallow, longitudinal furroAvs. The aperture is oval

with comparatively thin margins, somewhat refiexed outwards. When seen from the

side it forms a moderately elevated arch, being highest near the median line of the

shell. The central space of the interiör surface is surrounded by an oval ring of six

pairs of muscular scars, open anteriorly. The posterior ones are narrow and elongate, the

middle ones are transversally broad and much enlarged towards the margin of the shell.

The surface of these pairs is smooth or only partially scrobiculated. The uppermost

pair is more complicated and consists, as in the kindred species, of a more shallow,

elongated interiör portion, and of a larger exteriör one, from the inner corner of which

there projects a narrow sinuous groove, directed obliquely upwards and leaving a

small, smooth space between itself and the opposite similar one. The lower, interiör

part of this upper, muscular scar is pearshaped, wide below, Avith a narroAv, stalklike

neck upwards and its surface is finely reticulated by shallow pits and intervening

ridges. Some dark, narrow streaks are directed from the enclosed central space of the

shell toAvards the interstices betAveen the muscular scars. The AA'hole central part of

the shell inside the scars and to their outer edges is of dark colour, Avhile the outer börder

is lighter. Near the apex there is on the inside a little oval depression or pit, AAdiich

quite resembles a scar, filled up, as if there had been a foramen. But I think it is

in reality only the mark of the outlines of the initial shell, Avhere noAv the apex is

seen on the outside. The shell is very thin, scarcely exceeding 0,ri millim. in thick-

ness and composed of thin, glossy lamellaj, Avhich are not perforated by any parasite.

The largest speciraen has been found at Stor Wede in Follingbo and has attained a length

of 67 millim., breadth of 51 and height of 15 mill.

This species has nearly the same geographical distribution as the former. It has

been found in several specimens in Fårö at Lutterhorn, Länsa and Norsholm, in Svarfvare

huk, the canal near Westöös in Hall, VVestkinde, Häftingsklint, Lummelund, Stor Wede
in Follingbo, the limestone cliffs near VVisby and Kyrkberget in Wisby. It has only

been found in the strata b and c or the upper and loAver limestone and never in the

shale of a. This is rather unexpected as the same species or at least a nearly allied

variety, as mentioned above, has been found in the LoAver Silurian strata of Esthonia

at Borkholm and also in the Upper Silurian at Koik, in the »Jördensche Schicht». These

are only a little more elongate and not so enlarged as the specimens from Gotland. In

the Lower Silurian of Canada there occurs a Metoptoma Hyrie, of Avhich BiLLiNGS, Pal.

Foss. Canada p. 87, has described a cast Avhich also perhaps on closer examination

raay be found to be identical. Met. Erato of the same author, 1. c. p. 39 and Report

Progr. Geol. Surve}' of Canada 1863 p. 145, f. 95, can scarcely, as to outAvard shape, be

distinguished from the Gotland species, only the distance from the beak to the margin

is longer in the Canadian.

K. Vet. Akad. Ilaudl. Band 19. N:o 0. 8
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3. Tryblidium? radiatum n.

Pl. XVIII fig. 1, 2.

Shell oval, inuch elevatedlj^ conical, the greatest height lying near the middle of

the longitudiiial axis. The apex anterior, truncated, curved as to lean forwards över

the anterior inai^gin of the aperture. The shell between the apex and the margin is

consequently much concave. The apertural börder is straight and horizoutal. The

surface is covered by fine, closely packed, radiating stritu and a few concentric lines

of growth. The shell has been thick, as may be seen by a few fragments which are

left along the borders. The general shape of this shell has led me to place it in this

genus, with the other species of which it corresponds as to its outline. This is, however,

more elevated like a Helcion.

Diameter from the apex to the hind edge 24 mill. The transverse diameter 20

raillim. Height from the rim of the aperture 15 millim. Length of the aperture

23 mill.

Only a single specimen has been found in the crystalline limestone of Wialrasudd

near Fårösund.

Fam. III. TECTURIDiE Adams.

Gen. PAL/EACWI/EA Hall.

1873. 23d Rep. on the State Cab. of N. York p. 242.

Shell patelliform, aperture ohlongate, exteriör surface concentrically wrinkled^ cm the

interiör surface near the top a wreath of muscular impressions, neaHy coherent.

It is only provisionally that the Gotland species, described below, can be placed

within this genus. It is chiefly in consequence of its outward shape, which most re-

sembles that of Palgeacmtea. In Hall's specimens the muscular markings are unknown.

The Patelloid shells which are now and then found in the older palteozoic stråta belong

probably to several different genera. The »Patella» antiquissima from the Lower Silu-

rian of Sweden is nearly related to Tryblidium through its series of six pairs of de-

tached muscular scars. The typical species of Metoptoma, which as De Koninck has

shown have a coherent muscular band and consequently cannot, as Hall 1. c. has hin-

ted, be plates of a Chiton, agree with Lepetopsis in the conformation of this band. In

the Red Orthoceratite limestone of Öland at Wickleby Hr von Schmalensee has found

a specimen resembling a Metoptoma and another form probably belonging to the same

generic group of which Wiiitfield has given figures in Geology of Wisconsin, vol. IV

pl' 3 f. 15, 17, 18, but which scarcely can belong to Metoptoma as he assumes. The
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oldest Ga«tropod knowu in Sweden is Metoptoma Barrandei LinnaksöON from the Cam-

briari strata of Scania, in the lower portion of the zone of Paradoxides Tessini.

Palseacmsea? solarium n.

Pl. XIX lig. 3, 4.

Shell patelliforni, regularly acuniinate, apex nearly median or slightly anterior,

the outline oblongate from above. Outside of the shell smooth, only eoncentrically

vvrinkled at regular distances by larger elevated ridges, the interstices between them

being finely striated by parallel lines. Interiorly there is around the apex a narrow

circle of detached muscuUir scars, visible on the nncleus as delineated in the figure.

Height 3 millims., length 6 mm., breadth 4 mm.
Hitherto tvvo specimens have been found in the red, conchiferous limestone of

Sandarfve knlle.

Fam. IV. CALYPTRJj]IDiE Broderip.

Gen. PLÄTYCERÄS ComAD.

1809 Uelicites Martin Petref. Derbyeusia, pl. 40 fig. 43.

1810 Capulus MoNTFOET Concli. System. II, 54; though not intoiided by him for fossil species, it was
adoptetl for suoli by De Koninck Anira. Foss. de Belgique, 331.

1812 Pileopsis Lamarck adopted by Sowerby Min. Conchol. vol. VI pl. 607, 223.

1823 Aetita Fischer von Waldheim Mera. Soc. Imp. Naturalistes de Moscou VI, 234.

1828 Turbinites Hisinger Anteckningar IV, 221.

1840 PhUyceras Conrad Ann. Rep. Geol. Surv. N. York, 205.

1841 Åcrotiidia (rectius Acrocylia) Phillips Pal. Pösa. of Cornwall, 93.

1842 Platyostoma (rectius Platystoma) Conrad Journ. Acad. Nat. So. Pliilad., 275.

1843 Orthomjchia Hall Eept. 4tli Distr. N. York Geol. Survey, 172.

1844 Naticopsis Mac Coy p. p. Synops. Carb. Poss. Ireland, 33.

1859 Strophostylus Hall 12th llept. State Cab. N. York, 20.

1859 Igoceras Hall Pal. N. York vol. III, 330.

1868 Exogyroceras Meek & Wortuen Geol. Survey Illinois, vol. III, 508.

1878 öapreolus R. Etheridge Sr. (lapsu!) Qu. Journ. Geol. Soc., vol 34, 603.

Shell globose or naticiform loith sinall, depressed or only moderateli/ iirominent

spire, last whorl enormously developed, globose or transversally protracted and elongated.

Aperture circular or oval^ outer lip reflected and enlarged into a thin laminar edge, ivhich

in well preserved specimens is persistent during the continued groivth of the shell and gives

the exteriör surface a characteristic ornamentation of projecting, thin laminai. The inner

lip of the aperture much varying ; sometimes with twisted {>^Strophostylus>->), sometimes thin

and smooth columella {^iFlatycerasf). No opercidum has ever been found.

In justiiication of the above list of synonymous genera the foUowing statements

of the opinions of various authors upon this matter may be adduced. The earliest

description of any fossil belonging to this group is in Martins Petrificata Derbyensia
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plate 40 fig. 34, where he nauies a Carbonifcrous species as Helicites aiiricularis. Next

hiin FiscHER von Waldheim coines, who in 1823 in a list on the genera of Gastropoda

gives Actita as itlentical witli Capulus and Pileopsis. This is in a treatise called »Ad-

versaria zoologica» Fasciculus III in the Mém. de la Soc. impér. des Nat. de Moseou

vol. VI p. 234. That he therein also included the palteozoic species is evident, when

he låter in a paper of Fahrenkohl in »Bull. de Moseou» 1844 p. 802 describes an Ac-

tita Ministeriana from the Carbonifcrous limestone of Moscow. If Fisciier really in-

tended this genus for the pahi30zoic forms alone, his name ought to have the priority

against the låter, as Platyceras, but it is by his first publication evident that he gave his

genus quite as wide limits as already had been given to Capulus and Pileopsis. Actita

then must be considered only as a synonym. In 1828 Hisinger in his Anteckningar,

pt. 4, p. 221 mentions a Turbinites, which he also figures, and this is the same which

he låter, 1837, in »Letha^a» named Pileopsis cornuta. In respect of the genus he fol-

lows the elder Sowerby, who 1835 in his Mineral Conchology placed the English Car-

bonifcrous species in the genus Pileopsis. When Conrad in 1840 had founded his ge-

nus Platyceras for the palasozoic fossils of this group and Phillips in 1841 his genus

Acroculia^) for the same, the subsequent American authors sided with their countryman,

and the English ones with their, in spite of the former name having the priority and

that with such a tenacity that it lasted until 1851 when S. P. Woodward in his Manual

accepted Platyceras instead of Acroculia. Besides, the opinions of the authors were di-

vided between accepting the older genera Capulus or Pileopsis. De Koninck is the

first who insisted on adopting the genus Capulus of Montfoet for the pala^ozoic spe-

cies and especially those of the Carbonifcrous formation. Since Meek and Worthen
in 1866^) announced that they had discovered horseshoe shaped muscular scars on

casts of two species, Platyceras subplicatum and Pl. infundibulum, almost all authors

were unanimous to range these fossils with Capulus. Meek and Worthen, however, ex-

pressed as their opinion that these fossils »probably» are »distinct from the existing

genus Capulus», but that they are more nearly allied to that group than is generally

supposed to be the case. Moreover it may be questioned whether Plåt. subplicatum

and kindred really belong to the same genus at the Silurian ones. It bas been found

only in casts. As to the other species, of which only one specimen has been found,

the last mentioned authoi's themselves seem to hesitate with placing it amongst the

Platycerata. I have myself studied the interiör surface of several specimens of Pla-

tyceras ajquilaterum from the Burlington beds, without finding in them the least trace

of any muscular scars. Nor have I been able to find any muscular impressions in the

numerous specimens of the Silurian forms which I have examined. But this can,

however, not be conclusive as to the deficiency of the muscular scars in the pala^ozoic

species, because even in recent or tertiary Capuli the muscular impressions are very

faint and in many specimens not discernible, owing to the glossy surface of the shell.

It must then be very difficult and a thing of rare occurrence to detect them in spe-

cimens from palasozoic strata. Even if granted that these shells were provided with

') Or Acvocylia as it oiiglit to be written according to the derivation.

-) Proceedings Acad. Nat. Se. Philadelpliia 1866 p. 262.
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muscular scars as in Capulus, the globular, low or high spired fortus which almost

insensibly merge into each other through uuinerous gradations unite them all at

least the Silurian ones, in one genus, which althoiigh probably a near ally to Ca-

pulus, still must be considered as distinct. In accordance with Hall and the Ameri-

can authors I retain the genus Platyceras for the Silurian species. But I also think it

proper to unite within its limits the genera Platystoma and Strophostylus. These, as

may be seen by the following comparison, are indeed not much differentiated. Accor-

ding to the diagnosis given by Hall') they are thus characterized:

Platyceras.

»Shell depressed, subglo-

bose, subovoid or obliquely

subconical. Spire small, vo-

lutions few, sometimes free

and sometimes contiguoi

witliout columella, aperture,

more or less expanded, often

campanulate and sometimes

with the lip reflexed: peri

stome entire or sinuous».

spire

large

Platystoma.

»Shell subglobose;

short; aperture very

suborbicular, dilated; labrum

joining the body whorl at right

angles to the axis of the shell»

Conrad; »having columella,

columellar lip thickened.»

Hall.

Strophostylus.

»Shell subglobose or ovoid-

globose. Spire small, with a

large ventricose body-whorl;

outer lip thin, not refiected;

columella twisted or spirally

groovecl within, not refiected;

uuibilicus none: aperture so-

mewhat round-ovate ortrans-

versely broad oval.»

Consequently, the cliief differences are that in Platyceras there is no colu-

mella and in Strophostylus a twisted columella and Platystoma is nearly related to

Strophostylus. In the latest volurae of »Palfeontology of New-York», vol. V pt. II p.

129, Hall seems to hesitate about the distinction of the two first genera. »Platystoma,

he writes, »is in some species scarcely separable from Platyceras by any persistent

characters». Bakrois and other låter authors agree with Hall in this point. But Stro-

phostylus is also not tenable as the twisting in the columellar part of the reflexed

lip is seen in specimens which else agree with Platyceras. Pl. II fig. 37—38. Even

if Platystoma did not Coincide entirely, as it seems to me, with Platyceras, this name
could not be retained, as it has been preoccupied already several times before^). If

we now turn our attention to the numerous figures given by Hall and to specimens

from North America, we cannot fail to remark the extreme amount of variation, through

which the forms are mixed up with each other. It is indeed very difficult to find

any difference between the reflexed lip along the body whorl in Platyceras and Pla-

tystoma and the so called »twisted columella» in Strophostylus, which is in uninter-

rupted continuation with the outer lip and has no such separate callosity as in Natica

for instance. Moreover, in many of the specimens figured on plate XI, vol. V pt. II

of the Palaiontology of N. Y. the »columella» is neither twisted nor grooved. In con-

1) Pal. of N.-Yoi-k, vol. III pp. 299, 303, 309.

-) 1753 Platystoma Klein (= Helix, Ampularia, Natica & Ncrita).

1803 Platystoma Meigen a dipterous insect.

1829 Platystoma Agassiz a fossil fish,

and moreover Laube in his work »Gastropoden der Hallstätter Scliioliten 1855, has also iiaraed a new genus

of his Platystoma.
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seqiience of what now has been adduced I cannot but consider Strophostylus a]«o as

idcntical with Platyceras.

Besides, the highly variable and proteic forms of this genus have been ranged

within niany other genera of which sorne are enumerated here below.

Exogyroceras a subgeniis proposed by Meek and Wohtuen in 1868, Geol. Survey

uf Illinois vol. III p. 509 for shells with a sinistral spire and obscure coluraella,

Igoceras Hall. Established by Hall in 1859 in Pal. of New-York, vol. III p.

330. It ditfers from the straight Platycei^ata (Orthonychia) only in having the sui'face

cancellated and it can consequently not be retained on so trifling a distinction.

Natica Adanson. Both Pictet and D'OiiBiGNY think that this genus occurs in

the Silurian formation, but such species as Natica parva, Natica spirata or Wenlocken-

sis (Sow. Sil. System pl. 5 & 12 and I)'Orbigny Prodr. I p. 29) are true Platycerata.

It is possible that also some of the Bohemian Natica^, N. gregaria for instance, belong

to this group.

Nerita L. is employed by Sowerby in the Silurian System for the most common
Platyceras.

• Orthonychia Hall Rept. 4th distr. N.-York Geol. Survey p. 172 is a subgenus,

created for the straight Platycerata, forming an elongate cone, with small spire and

the ultime part very large. In the 12th Report N.-York State Cab. p. 18 Hall de-

clares that a renewed examination has not showu any reliable characters, by which

they may be separated from Platyceras. Meek and Wurthen, however, retain this name
and. it might perhaps be advisable to do so for all those species which are invariably

straight or scalaroid.

Then there may be some few species which belong to this group, but have been

placed with the genera Holopea, Isonema, Naticopsis. Professor Ferd. Roemer placed

one of the forms of Pl. cornutum in the genus Cyclonema.

D'Orbigny made use of Stomatia for one of the Lower Silurian Platycerata.

Prodi-. I p. 29. In how far the genus Poly(o)stomella of R. Etheridge jr') can be

considered as related to Platyceras, I must leave undecided as I have not seen any

speeiinens belonging to it. On the other hand it is likely that some fossils have been

ranged with Platyceras, which in reality do not belong there, as for inst. some of

Sandberger's ^).

The chief difficulties in the study of this genus are the dissimilar state of pre-

servation of the exteriör ornamentation of the shell and the almost incredible varia-

tions in its shape and growth. Some authors, as Morris in Qu. Journ. Geol. Soc. vol.

5 p. 332, write of a sinus in the outer lip of »Acroculia» nearly in the same sense as

the remarkable one in the Pleurotoniarida3. But besides that every sign of it is often

wanting in most specimens, there is by no means in those provided with it such a

great regularity as in the Pleurotomarida3, as there is only a wavy line, sometimes in

the Orthonychida3 several, corresponding with the indentures in the .apertural margin.

If there is more than one sinus there are also quite as inany wavy bands. These are,

1) Proc. Roy. Phys. Soc. Edinburgh. 1880 vol. 5 p. 163.

-) Versteincr. Nassaus. pl. XXVI fig. 18, Cap. psiltacinus.
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however, not bordered by elevated lines as in the Pleurotomarida?, they resemble more

what is seen in the recent Ianthina3, which also sometimes exhibit such notches.

Probably much in consequence of this slight resemblance with the last inentioned

group, some authors have given Platyceras (— - Platystoma) its systematic place with

the lanthinas. Hall in the fifth vol., lid part of Pal. of New-York, has signed the

plates on the Plat5'cerata as lanthinidaä for Platystoma and Strophostylus, and Platy-

ceridas for Platyceras, but in the descriptive letterpress he is willing to unite all three

genera into one genus. The thin and fragile shell of lanthina is not corresponded by

the thick and heavy one in Platyceras. Other authors, again, as Stoliczka') and Waa-
GEN^) see the affinity of the Platycerata with Velutina, to which several of them show

some resemblance in the exteriör shape of the shell. Platyceras may, however, as has

been shown above, most fitly be ranked with the Capulida^, with which they also share

the peculiarity in habit of fixing themselves closely with the aperture to the surface

of other marine animals, especially Crinoids.

In Sweden the oldest Platycerata found are from the beds of the Leptsena lime-

stone of Dalecarlia, from where five different species have been described ^). At least

two of the Gotlandic species are also found in the Upper Silurian of Scania. The

shclls of this genus have been the most common of all Gastropoda in the pateozoic

seas. While in the Silurian epoch Platyceras cornutum and others of spirally coiled

forms were prevalent, in the Devonian of Harz and North America and still more so

in the Carboniferous strata, especially the North American, the straight forms which

constitute the subgenus Orthonychia are most abundant.

The Gotland species may be arranged as follows:

I. Platyceras proper, with spire coiled of three or four whorls and almost en-

tirely or nearly contiguous with the body whorl.

1. Pl. cornutum His.

2. Pl. cornutum, var. loricatum n.

3. Pl. prototypum Phillips. *)

4. Pl. disciforme n.

II. Orthonychia spire diminutive or evanescent, shell straight, tubular.

5. Pl. enorme n.

6. Pl. cyathinum n.

1. Platyceras cornutum IIisinger.

Pl. II (igs. 29—51, pl. III figs. 6—9, 19—26.

TurMnites. 1828. HisiNGEU Ariteckn. IV, 221, 1,ab. VI f. 6.

Pileopsis cornuta. 18.37. Hisinger LeUirea Sueciea, 41, pl. XII f. 11.

1848. Bronn Noraenclator, 97.3.

Pileopsis sulcata. 1837. Hisingeu Lellinea, 41, pl. XII f. 12.

1848. Bronn Noraenclator, 974.

') Cretacoous Ifos.sils of India p. 319.

-) Salt-Raiige Fossils p. 103.
•'') Angeltn & Lindström. Prag-m. Sil. p. 14.

*) By inadvertence this species was naraed P. spirabnn Sow. in the list, page 16.
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? Nat/ca ijkmcinoides.

Natica parva.

Pilcopsis vetustis (? = vutustntis).

Nerita haliotis.

Capidus neritoiclcs vaw sidcata.

Natica subparva.

Gapulus haliolis.

Viipultis euoinphaloides.

Platystoma niagarensis (= e).

Acroculia haliotis.

Gapulus Branni.

Capulus sulcatus.

Acroculia cornuta.

Acroc. sulcata.

Acroculia euomphaloides.

Naticopsis parva.

1839. Sow. Sil. Syst., 603, pl. 3 f. 4.

1843. MouKis Catal. Brit. Foss. 1st Ed. 154.

1839. Sow. Sil. Syst. 612, pl. 5 lig. 24.

1843. MoiiMs Catal. 153.

1848. Beonn Nomencl. 786.

1848. Phillips Mem. Geol. Survey, II, 259.

1854. Moiuiis Catal. 2d Ed. 263.

1854. Salteu in MmiciiisoN Siluria 2d Ed., pl. XXV f. 1.

1839. Sow. Sil. Syst. 616.

1839. Sow. Sil. Syst. 625, pl. 12 f. 16.

1843. MoEuis Catal. 154.

1848. Bronn Nomencl. 805.

1862. Mac Coy Sil. I^^oss. Ireland, 13.

1848. Bronn Nomencl. 217.

1850. D'Orbigny Prodr. 29.

1850. Id 1. c. 31.

1854. Morris Catal. Ed. 2, 239.

1855. Mac Coy Pal. Foss. 290.

1857. GiEBEL Zeitschr. f. gesammto Naturwiss., 165.

1852. Mac Coy A. N. H. ser. 2. vol. 10, 196.

1854. Morris Catal. 2d Ed. 239.

1855. Mac Coy Pal. Foss. 290, pl. 1 K, f. 39.

1852. Hall Pal. of N. York vol. II, 287, pl. 60 f. 1.

1860. P. RoEMER Tennessee, 75, tab. V f. 15.

1854. Salter Siluria 2d Ed. 2301

1859. Id. Siluria 3d Ed. 548 j
^ '• ^'^ ^- '

1871. Baily Figures of cliaract. Brit. Fossils, part. III, 64, pl. XXI f. 12.

1873. Salter Cambridge Fossils, 89, 154.

1874. Alxh Galizien, 31.

1857. GiEBEL Zeitschr. gesararat. N. W. 167; according to him Hisinger's

Pil. cornuta is the same as MiJNSTER's Cap. Brauni. Now, even if

it could be proved that they were identical, this latter species was

ereated some years låter than Hisinger's and it wonld be contrary

to all rules of equity and priority to abolish the older name.

GiEBEL 1. c. 166.1857.

1867.

1867.

1873.

1873.

Lindström Nomina fossilium Gotl. 23.

Salter Cambr. Foss. 171,

Id. 1. c. 185.

Shell of highly variable shape, iiaticiform with prominent spire, neritoid with

depressed spire or planorbiform with sunk spire- Generally transverse or broader than

high, with the body whorl enormonsly developed. The ornamentation of the outside

is characteristic. It is very difficiilt to fiud specimens, which exhibit it sufficiently

clearly. They have mostly been subjected to the tear and wear on the shore before

being imbedded or siiffered from corrosion or also been changed after their fossilization.

The ornamentation is of the same pattern in all, only changing in minor details. It

changes with the age of the shell, different in the young and the adult or on the spire

and the last whorls. It consists of two sets of lines, which intersect each other. There

are delicate, wavy, longitudinal lines, interrupted by the often irregular lines of growth

and other elevated lines. On the spire, pl. II figs. 30—31, the longitudinal lines are

threadfine, elevated, with intcrstices many times surpassing their breadth and at regular

distances they are interrupted by the transverse lines. On the body whorl near its

middle line they have increased in size, with minute, microscopical lines between the

large transverse one.s. On the inferior side the longitudinal lines are large, broad,
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densely set, as it were, in groups of two or three with smooth interstices. They are

wavy or interrupted in their continuity by the transverse lines. As is seen on pl. II

f. 36, they form minute, steplike gradations or, as it were, terraces, each of the upper-

raost ones lying a little higher, than the succeeding inferior. The transverse lines form

a sigmoid bend when they, more or less crowded, more or less prominent, continue

from the suture to the umbilical side. The coarser ones Avhich in most instances re-

present the outlines of former apertural lips are wavy or notched by two or three

angular slits. On the spire they end towards the suture as a thin and sharp lamina,

which bridges över the suture to the next whorl.

The spire is shoi^t in the most common variety, depressed and, as stated, even sunk

in specimens which are planorbiform. The whorls vary in number from three and a

half to four and a half. The last one is sometimes so much enlarged and widened,

that it surpasses the spire with the lower rim of the aperture. The suture is tolerably

deep.

There is a tendency in the body whorl to grow out free, without any connection

with the older whorls, as is manifested in several specimens delineated on plate II. In fig.

48 it is just beginning to free itself, in figs. 50, 51 it is disconnected for a longer distance

and tubular and in figs. 47 & 49 the whorls are nearly uncoiled. This is an approach to what

is permanent in the younger Devonian and Carboniferous species and also in the Silurian

Orthonychias. This peculiarity in the formation of the shell is what the German authors

call »SkalaridenbildungD, and may be found amongst several recent shells, where the

last whorl as in Vermetus is free and tubular. Scalarid shells live together with nor-

maly coiled of the same species, and races, varieties or even new species may take their

origin from them if they prevail and persist. Thus resembling forms of analogous

formation may arise or be repeated in genera which are not in the least related.

The aperture is oval, oblique or transverse, its margins thin or thickened, the

columellar lip reflexed or in some specimens only in a small degree hiding the umbi-

lical fissure. Sometimes it is so much developed that it completely covers the umbi-

licus, and thins out against the whorl, pl. II fig. 29. In some this lip, pl. II f. 37^

38, is thick and twisted and shows thus the characters of the genus Strophostylus.

The exteriör lip is regularly bent, sinuose or lobate. In pl. II fig. 32 and still more

so in pl. III fig. 6 thei-e are instances given of a highly sinuose aperture. In fig. 6 it

is wrinkled and bent in several creases and folds. This is probably owing to the

circumstance that they have been fixed to the shelly surface of some other marine

animal and long tirae enough to have moulded the aperture according to the sculpture

of this substratum. As is the case with the lilnglish and American specimens of this

species and also with Platycerata from the Carboniferous formation of North America,

these shells are sometimes found fixed on the perisome of Crinoids, as for inst. on Perie-

chocrinus. When such sinuosities occur in the outer lip there is formed on the median

line of the body whorl what in a distant manner reminds of the slit band of the Pleuro-

tomaria3. It consists of the wavy lines of growth on the former site of a sinus. In

others, as in the specimen which is the original type of IiisiNGER's Acroculia sulcata

K. Vet. Akaa. Ilandl. Band in. N:o 0. 9
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(pl. II fig. 52), there are at irregular intervals longitudinal, revolving grooves one or

even as many as three and the surface with its lines of growth assumes a scaly or

imbricate appearance. In one variety from the lowest shale beds of Wisby there is

regularly a groove and an elevated ridge around the umbilicus.

In another form of the aperture there are large tonguelike lobes (pl. II fig. 41

& 42), giving not only the aperture, but also the shell an irregular shape.

On the inner side there are, as can best be seen through the casts (pl. II figs.

44 & 45), large transverse ridges or weals especially in the last volution and which

are seldom seen on the outside. Although I have carefully searched for muscular scars

on the inside of many well preserved specimens, I have never succeeded in finding

such. On the inside of the body whorl a pocket lens reveals a peculiarly streaked

surface of bifurcated and sinuous or branching lines with jagged borders in faint relievo

on a dark surface. Pl. III fig. 23. A horizontal, thin section, made deeper below this sur-

face presents the mottled appearance figured on plate III figs. 25— 26. Vertical sections of

the shell, magnified through the microscope are seen in plate III figs. 19—22. Of these

fig. 22 shows three distinct strata, the outermost very thin, the median one composed

of transparent prisms, the innerraost, which is the thickest, is darkened through inter-

spersed, small, black grains, which probably have been added during the process of

fossilization. In other sections this stratum is composed, figs. 19—20, of angular lines

of growth, resembling those Avhich are seen in Pl. prototypum.

Dimensions of the specimen figured pl. II fig. 32—33. Height 21 mm., breadth 24

millira. Spec. figs. 39—40 height 30 millim., breadth 32 millim. Specim. figs. 34—35

height 15 millim., breadth 15 millim., height of spire 5 millira. Largest specimen, from

Lindeklint, 42 mill. in height, 41 mm. in breadth.

This, the most common of all Silurian Gastropoda of Gotland, has been foi^nd

almost everywhere, and in all strata between Hoburg and the northernmost point of

Färö. The largest specimens are as a rule found in the higher strata, as in the red

limestone of Sandarfve kulle and Linde. The old truth that species which are widely

spread and very rich in individuals, also are highly variable and as a rule even have

a long duration in geological time, holds in the fullest sense good with this species.

The first impression one gets Avhen glancing at the bewildering dissimilarity of forms

delineated as Platyceras cornutum on the plates II and III is that we have to deal with

a great many different not only generna but also species, and the above list of synonyms

shows indeed how the opinions of the authors run in many different directions. But

by patiently comparing a large number of well preserved specimens from the same

locality, the conviction forces itself upon the mind, however reluctant it may be, that

they all belong to the same species. Variable as many of the Silurian Gastropoda are,

this is the most variable of them all. It is difficult to decide whether this species is

one of those plastic groups which truly may be called the main source of several diffe-

rent ncAv specific forms or if it be one of those mocking species which easily assume the

shape and features of others, often not at all related.

The most common of the Gotland forms is that which resembles Sowerby's Ne-

rita haliotis. It seldom attains so large a size as the English specimens, but it enti-
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rely agrees with it in shape and ornamentation. Another common form is similar to

Capulus euomphaloides of Mac Coy. There cannot be much doubt that when the various

American species of Platyceras, Platystoma and Strophostylus have been sufficiently

throughly examined, they may prove to contain many identical forms. Specimens sent

to me from Mr S. A. Miller in Cincinnati as Platystoma niagarense, do not in any

sensible degree differ from certain varieties of Platyceras cornutum. This, however, in

the European strata never attains such a great size as the American ones.

As to the geological duration of this species it seems to have continued also

during the Devonian epoch, as it probably is identical with or nearly related to the

Devonian Pileopsis prisca Goldf. p. p.

2. Platyceras cornutum, var. loricatum n.

Pl. II, figs. 53—57.

Shell planorbiform, spire depressed or hidden within the volutions of the large

and tumid body whorl. Surface imbricated by transverse, wavy laminas which project

in a thin edge, fig. 58, above the surface, and include thickset, threadfine longitudi-

nal lines. The transverse lamellse are more distantiated near the aperture than on the spire.

The whorls are three or at the highest three and a half, rapidly decreasing in width towards

the apex. The aperture is oval or lobate, forming grooves which continue on the body

whorl. The sinuosities of the aperture are seen a long way up this whorl through the

wavy lines of growth. The inner lip is straight, not reflexed. The spire is often so

sunk as to be nearer the umbilical side of the shell than the apical. Height 8 millim.,

breadth 12 millim., in another specimen height 9 millim., breadth, 15 millim.

This variety which by transitional specimens is linked to the preceding, has been

found near Nya Slitegårds in Dalhem, and in the limestone of Klinteberg.

3. Platyceras prototypum Phillips.

Pl. III fiff. 10—18.

Nerita npvrata^ var.

Nerita prototypa

Natica Wenlockensis

Äcroculia prototyiia

Strophostylus cyclostoma

Gyclonema brevispira

1839. Sow. Sil. Syst., 625, pl. 12 f. 15.

1843. MoKRis Catal. 154.

1848. Bronn Nomenolat., 806.

1848. Phillips Mem. Geol. Surv. II, 358.

1854. MoiiKis Catal. 2d Ed., 264.

1850. D'OiiB. Prodr., 29.

1854. Saltek in Siluria 2d Ed., 230 1

1859. ID. ib. 3d Ed., 548
J

P^' ^* * °-

1871. Baily Eigures of Charact. Brit. Possils pt IK 64, pl. XXI f. 11.

1873. Saltek Catal. Cambridge Foss., 154.

1864. Hall p. p. Transact. Albany Instit. vol. IV, 218.

1876. Eeud. Roemee Leth. Geogn. Taf. 14 fig. 14.

Shell naticiform, globose, with prominent acuminated spire. The ornamentation

nearly of the same pattern as in Platyceras cornutum, only finer and denser. There

are the same sort of graduated, wavy, longitudinal lines, and elevated, threadfine träns-
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verse lines. The grooves formed by these are deeper in the specimens from Sandarfve,

tliaii from VVisby. In the speeimens from Klinteberg, ligs. 10, 10a, the sculpture is

only discernible on the apex. On the body whorl it is quite obliterated and covered

by coarse transverse lines of growth. The whorls are tive, tumid and globose, the

body whorl being many tinies larger than the preceding ones. The suture is decp

and narrow. The aperture is oval, longer than broad. The lips are continuous

all round the aperture in the adult, pl. III figs. 10, 13; fig. 11 probably still

young. The margins of the aperture are widely refiexed, so as to give it a trumpet-

shaped form. As seen in tigures 10a, 13 & 14, the aperture is thickened through the

accumulation of the lameilar lips. Especially this is evident in specimens from the

fine-grained limestone of Sandarfve kulle in which a great number of apertural laraellaj

are preserved. Pl. III fig. 17. There are in this instance no less than seventeen such

reflexed, apertural lamelk"e left behind in their old place during the progressive growth

of the shell. Seen through a microscope they show angular strata of calcareous spar.

Height 23 millim., breadth 26 millim.

This species has been found in many specimens in the shale of Wisby, but espe-

cially in the upperraost limestone beds of Sandarfve kulle, Klinteberg and Lilla Carlsö.

There are specimens from Länsa in Fårö and from Follingbo, more largesized and with

lower, blunt spire, which possibly may belong to this species, but the surface is too

corroded to show any sculpture and the aperture is obscured.

Specimens sent from Mr S. A. Miller in Cincinnati as Strophostylus cyclostoraa

agree perfectly as to the ornamentation, but I cannot find the form of the aperture

in them.

4. Platyceras disciforme n,

Pl. II figs. 73—78, pl. XIX fig. 5.

Shell discshaped or flat; whorls three and a half or four, the last free and without

any connection with the others. The dorsal or exteriör part of the whorls is thin and

almost sharpedged, the opposite part being much higher. The spire of the three con-

nected whorls is low and not visible above the other shell. The last whorl is enor-

mously large, widening at the point where it becoraes free, from 7 millim. to 28 mil-

lim, at the aperture. The aperture is of a shape between elliptic and triangulär, nar-

row at its exteriör lip, then widening and at highest near the median line, the inte-

riör lip so much reflexed as to touch the back of the spire. The surface is wrinkled

by transverse undulating lines of growth which are bent forwards toward the aperture

more at the dorsal side than at the opposite. There are moreover delicate, longitu-

dinal, threadtine striaa somewhat wavy and interrupted where they are crossed by the

transverse lines.

Height at the columellar side of the aperture 15 milL, breadth 39 millim. In all

six specimens have been found in the sandstone of Hoburg, and a few also in the su-

perjacent limestone of Nackshejd and Klef in Wamlingbo and Sundre.
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5. Platyceras enorme n.

Pl. II figs 59—72.

Theca anceps 1859. Fii. Scumidt (neo Phillips) Geologie der Insel Gotland, Aroliiv Naturk. Estlands Bd II, 442.

Tlieoa sp. 1867. Likdsteöm Nomina, 23.

Shell straight, cylindrical, with a diminutive spire of one and a half whorls. Many
specimens are curved as a crescent or a bow. The last whorl is considerably develo-

ped and large and the spire has dwindled to a mere appendage to it. In its general

shape the shell thus resembles a diminutive Lituite. The surface is covered by trans-

verse, sinuous striaä, the edges of which in the best preserved specimens project as thin

reflexed lamellge with smaller ones between them. Pl. II f. 72. These are intersected

by fine, longitudinal lines, interrupted by the transverse ones as seen in fig. 71. The

aperture, figs 66, 67, is oval or circular with thin lips, often sinuous or wavy. Length

17 millim., diameter at the aperture 8 millim. From the shale at Djupvik in Eksta

Rikvide in När, in the sandstoue of Bursvik, in the oolitic beds of Hafdhem, Näs and

Bursvik, and in the limestone beds at Hammar in Kräklingbo, Klinteberg and Länna

near Slite, from which last locality the Mineral Cabinet of the University of Upsala has

obtained specimens, collected by Professor P. T. Cleve.

This species and the following belong to that group of the Platycerata, which

J. Hall has called Orthonychia and which is so prevalent both in the Devonian and

the Carboniferous limestone strata.

6. Platyceras cyathinum n.

PI. VII fig. 22.

Shell conical, nearly straight without spire of whorls, rapidly increasing in width,

spirally twisted in two bends. Surface conceutrically striated by fine transverse lines

of growth and wrinkled in the same direction. Aperture circular with thin edges.

Shell thick, consisting of several strata, glossy, opaque with only faint traces of prisms.

Length of the single specimen found 30 millim., breadth of aperture 20 millim.,

at the apex 2 millira.

Only one specimen has hithei'to been found in the Crinoidal limestone of Fol-

lingbo,

This species is related to the Bohemian Capulus anguinus Barrande and kindred.

Fam. Y. BELLEROPHONTIDtE Mac Coy.

Shell glohular or discoid, symmetrical or slightly deviating from the discoid lilan,

aperture loidened with an angular slit in its dorsal or superior edge, forming hy conti-
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nued growth a dit band, ivhich assumes the shape of an eievated keel or aiso a sunk,

shallow groove; its inferior margin covering a part of the hack of tlie preceding volution.

Table of the genera:

A) Slit band entire, continuous without any openings.

1. Shell globular, involute, apertural lips wide, trumpet shaped. Slit band

broad, sunk.

Belleroplion Montfort.

2. Shell disciform, laterally compressed, aperture hastate, whorls in several species

not involute, free and not contiguous. Slit band eievated, often forming asharpedged keel.

Cyrtolites Conrad^)

B) Slit band always eievated, perforated by a series of oblong openings- Aper-

ture many tiraes wider than the volutions, ornamental lines spiral. Shell discoid, in-

volute.

Tremanotus Hall.

As to the systeuiatic place of this family every one conversant with the eoncho-

logical literature is aware that there are few palfeozoic genera on which the opinions

of the authors have been more divided and differed rnore widely. For a succinct sur-

vey of these varying opinions it is enough to refer to the works of De Koninck^), Meek^)

and Waagen*), where a relation is given in full. Bellerophon has been placed amongst

the Cephalopoda by its first discoverer Hupsch, by its denominator Montfort, by De

France, Mac Coy, Phillips, Portlock and Chenu. It has been considered as one of

the Heteropoda by Sowerby, D'Orbigny, Bronn, Deshayes, D'Archiac and Veeneuil^)

Phillipi"), Eichwald, Owen'), Salter, Woodwaed**) and Adams. It has been numbered

amongst the Gastropoda by Blainville and Valenciennes (as related to Acera and

Bulla), Fleming (as Actaaon), De Koninck and Pictet (to Emarginula »comme un lien

perdu entré les Emarginules et les Pleurotomaires»), James Hall, Sandberger, (joining

them with Pleurotomaria through Porcellia), Meek and Worthen. Among the most

recent authors Stoliczka^) hesitates between placing Bellerophon in the Heteropo-

da, Opisthobranchiata and Cephalopoda. Ihering^") denies the affinity of the Bel-

lerophons to the recent Heteropoda and places them in a family of tlieir own, quite

^) A new generic type, intermediate between Bellerophou and Cyrtolites is probably formed by tlie spe-

cies named B. norvegicus by Bböggeh. in lus »Silurischen Etagen», p. 53.

^) Animaux fossiles de la Belgique p. 334.

*) On the affinities of the Bellerophontidfe in Proc. Chicago Ao. Se. Vol. I, p. 9.

*) Pateontol. Fndiea. Ser. XIII p. 126.

*) Geol. Transaetions vol. VI, p. 325.

8) Handbuch der Malacol. p. 285.

') Paloeontology p. 72.

^) Manual of Shells p. 201 to Atlantidae, but in the Supplement edited by U. Tåte in 1868 it is placed

as a subfamily to the Pleurotomaricie amongst the Haliotidas.

*•) Paloeontologia Indioa. V. Gastrop. p. 393.
"") Nervensyst. der Mollusken p. 143.
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as Mac Coy already had done before him. But there is no reason to couple them

with the CapulidiB as Ihering does, when he thinks that Carinaropsis is the connec-

ting link. This genus is no doubt composed of incongruous elements, some being real

Bellerophons, others Capulida; or even Patellidaj. The remark of Stoliczka that the

Lepetida3 are near to Cyrtolites (»Some of the species of Anisomion exhibit a great

relation to species of the palajozoic Cyrtolites, like C? expansus»), löses all its founda-

tion, as it is evident that Cyrtolites expansus of Hall is no Cyrtolites, but a Platy-

ceras.

Meek (1. c.) lays, as it is quite right to do, much stress on the affinity of Tre-

manotus with Bellerophon and Bucania on the one side and with Haliotis and Pleuro-

tomaria on the other. He concludes: »In other words it indicates for the family a

position near the Fissurellidn3 and Haliotidas, and between these groups and the Pleu-

rotomaridfe».

VVaagen (1. c. p. 130) holds the opinion that a more or less close affinity of the

Bellerophontida? to the Pleurotomaridas is highly probable. What makes the Bellero-

phons approach the Pleurotomarite is a tendency observed amongst some to grow some-

what obliquely, thus nearing to the conical spiral. In accordance with De Koninck^) as

this author formerly has stated, I do not think it advisable as Waagen has done, to place

within this group such forms, which, although resembling the Bellerophons in the

general form of the shell, do not show the least trace of apertural sinus nor of any

slit band. De Koninck holds that such are young Goniatites and it is remarkable that

in the Silurian formation, where no Goniatites are found, also such Bellerophon-like

shells without any slit band are wanting. Such forms are comprehended in the new
genera, which Waagen (1. c.) has proposed under the names Warthia, Mogulia and

Stachella. The same is also the case with Meek's Bucanella and Mac Coy's Euphemus,

though De Koninck and Waagen have again adopted the last genus. The slit band

must indeed be considered as one of the most important, if not the most prominent

character of the shell itself. Still it is very difficult absolutely to decide this as well

as other cases of affinity amongst the palteozoic shells, as there may be other genera

as for inst. Scissurella, with a distinct slit band on the shell, without any affinity be-

tween the animal itself and that of Pleurotomaria.

For my own part, I feel inclined to follow the precedence of Meek and accept

the Bellerophontidaa as most nearly related to Haliotis, a view in which De Koninck

also in his last work participates. This view is strengthened by the similarities which

are offered by Tremanotus with its perforated slit band and the sculpture of the sur-

face which in so eminent a degree reminds of that of Haliotis. This position, however,

cannot but remain hypothetical, as no more valid grounds taken from interiör resem-

blances and homologies between the soft parts of the animals can be gained. Nor is

there anything in the microscopic structure of the shell that either corroborates or

contradicts such views. Not the least trace of anj' nacreons stratura has been found

in the Gotlandic Bellerophontidte.

') Mem. de la Soc. Roy. d. Se. de Liége. 1878, p. ,340. Fossiles paléozoiqiies de la Nouvelle-Galles du Sud.
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Gen. BELLEROPHON Montfort.

Syn. 1781 Nautilites HiJpscn p. p. Naturgeschiclite des Niedenleutsclil. I, 23, pl. III f. 20—2.3.

1808 Belleropli.on MoNTroRT Couchyl. Systematique, I, 50, 51.

1812 ElUpsolithes Sowerby p. p. (iion Montf.) Min. Conch. vol. 1, 81.

1825 Bellcroplms Blainville (»mala einendatio» Hermansen) Man. de Concliyliologio, 4.

1847 Biiccmia Hall p. p. Pal. N. Y. vol. 1, 32.

1847 Carinaropsis Hall p. p. Pal. N. Y. vol. 1, 183.

1849 Vasulites Hermansen (non Montf.) Ind. Gen. Malao. Primordia II, G77. Sco bclow.

1861 Phratjmostoma Hall 14 Rep. N. Y. State Cab., 94.

1882 Waagenia De Koninck Notice sur la famille des Bellerophontidiic, Ann. Soc. Géol. de BelgiquelX, 14.

This name being already given away by Neumayr it vvas clianged by De Koninck iiito the fol-

lowin^.

1883 Waagenella De Koninck Faune Carbonif. Belg. II pt. IV. Explic. des planches, pl. 38.

Shell globose, involute, ivith the whorls in the same plan or nearly so, concave on

the umhilical side as well as on the apical one, so that no distinction can be made hetioeen

them. Aperture circular or oval, suddenly much enlarged, lips thin, continuous, interiör or

columellar lip covering the hack of the second convolution. The slit hand is always distinct,

originating from a deep notch in the middle of the exteriör lip; it is in several species

m,uch varying, heing elevaied as a keel on the last convolution, sunk as a channel or aflat

hand ioiver down on the older whorls. It is covered. with quite the same sort of semilu-

nar, backwctrds curved wavelets as are seen in all Pleiirotomaricc. The umhilicus is in

the small specimens very large and opeti and is in the older ones covered and hidden he-

neath the reflexed margiti of the aperture. In some, hoivever, it continues uncovered or

open. The exteriör ornamentation of the shell consists of transverse strice, which often are

crossed hy longitudinal ones. Moreover there is a pecidiar feature, ohserved in Gotland

specimens, consisting in a series of thin laminui, which are nothing hut the continuation of

the lines of growth. They are gently curved outioards and are most crowded and per-

fect in the umhilical tube, where they have also heen hest protected against fracture. These

lamince may as in Tremanotus, each in its tum, have formed the successive aj^ertures and

then heen partly absorbed, partly abraded 'and only preserved where they were protected.

In explanation of the synonyms given above the following remarks may serve.

Ellipsolithes Sow. in Mineral Conchology, vol. I pp. 81, 83, 84 is not to be confounded

with Montforts genus of the same name which only contains Polythalamia. That of

SowERiJY consists of one species of Nautilus, one of Goniatites, and one of Bellerophon

(B. ovatns) according to his own eraendation in Min. Conch. vol. 5 p. 107. But Mor-
ris, Cat. Brit. Foss. p. 302, regards them all as Cephalopods. Bucania Hall Pal.

N. York vol. 1 p. 32 is chiefly distinguished therebj^ that the aperture is dorsally

abruptly expanded and that the volutions are all visible in the umbilicns. In the

fourth volume of Pal. N. York Hall seems to have abandoned his opinion on the di-

stinction of this genus and includes it amongst the Bellerophons. The wide aperture

is moreover coramon with most of the Bellerophons and as to the uncovered and

large umbilicus Deshayes remarks in the Journal de Conchyliologie vol. I p. 205

»rexistence de Torabilic est un caractére indifférent», and not of importance enough to
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be of value as generic distinction. Equally unimportant is the character added by De
KoNiNCK and Waagen that the shell is provided with longif.udinal or spiral striai, which

cross the transverse ones. Carinaropsis Hall Pal. N. York vol. I p. 183 consists of Ga-

stropoda belonging to different genera. Carin, carinata in all probability is a Bellerophon

of the large, compressed species, while C. patelliformis and C. orbiculatus are evidently

Patellid shells. Phragmostoina Hall 14 Rept. N. York St. Cab. p. 94 is also likely to

be a broad, compressed Bellerophon. Waagenia De Koninck Ann. Soc. Géol. de Bel-

gique 1882 p. 14, is distinguished only by callosities around the umbilical region.

Hermannsen in his Index ^) has VasuUtes as a synonym of Bellerophon, but no siich

generic name is found in the book cited^) by him. Montfort in his Conchyliologie sy-

stématiqiie ') himself cites B. vasulites from Hist. Naturelle des Mollusques, though only

as a specific name.

Various efforts have been made by some authors to arrange the species of Bel-

lerophon in different groups. De Koninck in his older work*) and Stache") both pro-

pose two series, one characterized by an elevated dorsal keel, the other by a sunk slit

band. But as it is evident, that generally in young specimens the slit band is sunk

and in older specimens of the same species becomes an elevated keel and when more-

over this change can be traced in the same specimen, this characteristic is not to be

raaintained. Nor is it possible to apply the differences, which lie in an open or clo-

sed umbilicus as this character is changing in one and the same specimen. It seems to

be of raore avail to group the different species, at least the Silurian ones, according to

the pattern of the ornamentation. Å good characteristic of several species is found in

the size of the angle, in -which the transverse striaa join the slit band, as well the man-

ner in which they continue towards the sides. There is in very small specimens, of

B. latevittatus especially, a peculiar feature in a strong transverse groove (étranglement)

on the nucleus near the expanded apertural börder. It reminds highly of what is seen

in the small individuals of the Goniatites. But as similar grooves or necks are seen

in other Gastropodä, as for inst. in Platyceras and Euomphalus, it needs not point to a

Cephalopodan affinity of the Bellerophons as some authors have thought. This trans-

verse sulcus is quite as deep in the middle of the shell as on the sides.

As to the geological history of this genus in Sweden, it may be remarked that

the oldest specimens are already present in the Inferior Gray Orthoceratite limestone

at Kongs Norrby, froiri where three different species have been found, and in the Superior

Red Orthoceratite Limestone at Skarpåsen, both localities in Ostrogothia. Specimens

have also been collected in almost all Lower Silurian regions of Sweden as Öland and

Dalecarlia. I have not been able to identify with certainty a single species of the

Gotland Bellerophons with those from other Silurian strata, excepting B. trilobatus.

In the shale beds at Westergarn some few, badly preserved specimens have been found

I) Vol. II p. 677.

-) Denys-Montfort Hist. Nat. des Moll .... siiile a rilist. N. de Buffon et Soniiini. Vol. IV p. 298.
'') Vol. I p. 51. nelleroplioti vasulites.

*) Anim. foss. de licloique p. 338.

ä) .labrbucli der Gcol. Reiclisanstalt 1877, M 3, p. 297.

K. Sv. Vet. Akail. HanclI. Bd. 1!1. N:o Ii. 10
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of a species with considerably enlarged aperture and narrow whorls, representing the

division of Bellerophoiis named Phraginostoraa, which are of such frequent occurrence

in the Upper Silurian shale beds of Scania. Bnt they are too obscure for Identification.

Conspectus of the Species:

I. Shell only with transverse stria>, radiating in pinnate arrangement from the

slit band:

1 B. sphsera n.

2 B. fasciatus n.

3 B. globulus n.

4 B. tajnia n.

5 B. fastigiatus n.

6 B. tubulosus n.

II. Shell with longitudinal stria^ or furrows intersecting the transverse ones (
=

Bucania Waagen and De Koninck).

7 B. squamosus n.

8 B. Eiseni n.

9 B. elegantulus n.

10 B. latevittatus n.

11 B. gemma n.

12 B. pilula n.

III. Shell divided through two longitudinal grooves.

13 B. trilobatus Soav.

1. Bellerophon sphsera n.

Pl. III %s. 35—38, pl. Y figs. 1—16, pl. VII fig. 9.

Shell globular, extreraely thin. Surface ornamented by closely set, transverse striaB,

which abut iipon the slit band in an acute angle of 45° and curve gently ontward

in a bow, the convexity of which is directed towards the aperture. There is some

variation, as shown in the figures, with larger, smooth intervals between the striaj.

Some faint longitudinal stria? crossing them are visible in several specimens. In well

preserved shells and through sections in the umbilicus it is evident that raany of the

transverse stria3 have continued as free, outwardly bent, thin laminae. They have been

especially crowded in the umbilicus, where they also are most completely preserved^

imbedded in the soft shale. Several figures are given on plate V, showing details in

natural size and magnified- Their length amounts to two millimeters and sometimes

inore. Where they have been well protected they stånd ont in relief as nari-ow hooks.

These lamellee have probably, each in its turn, been the apertural börder of the widely

expanded mouth.

The whorls are five and a half, much rounded, and, as seen In transverse sec-

tions, from two to three tiraes as broad as high. The last whorl is much expanded near

the aperture, with the slit band elevated as a blunt keel. The aperture is large, trans-

versally obovate, the lips rather thick. the inner lip bent down as to hide the whorl
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on which it rests. The umbilicus is vvide and open in the young spcciinens; in the

older it beconies by degrces more and niore narrow, and is at last so concealed by

the large corners of the aperture and the interiör lips, which have grown över it, that

only a little space is left open.

x\s far as may be judged by the direction of the lines of growth there has been

a deep and acuminate sinus in the outer lip. The slit band is comparatively narrow

and sunk between two faintly elevated lines and covered by distantiated crescent sliaped

lines of growth. On the last whorl it changes into an elevated keel, on which every

trace of the crescent shaped lines of growth is effaced. The height of this keel sorae-

times atnounts to more than one millimeter above the surface of the whorl.

The thickness of the shell is much variable, generally thin, excepting along the

interiör corners of the aperture, where it covers the umbilicus and is several millime-

ters thick. The shell, in a thin section under the microscope, shows very thin, wavy

lamella?, through which clearer spaces or tubes vertically penetrate, pl. VII f. 9.

Colouies of a bryozoan, a Ceramopora, have often covered large specimens of this

shell with their luxuriant growth and in all probability destroyed the shell, which has

been dissolved, as only a cast of its surface is left on the calcareous basis of the Ce-

ramopora.

Largest diameter 96 millim., breadth of aperture 65 millim., height of the same

55 millim., diameter of umbilicus 15 millim.

This shell has been found very common in the lowest shale near Wisby, in the

superjacent limestone beds at Wisby and Martebo and also in the shale beds at Petesvik.

2. Belleroplion fasciatus n.

Pl. VI ligs. 13—14.

Shell globular, the transverse striaB of the surface are in regular distances, with

smooth, equal, band like interstices. They join the slit band in an angle of 66° and

then stånd oiit from the band nearly horizontally. The slit band is sunk and narrow.

There are only three whorls visible, but probably they are at least four. The aper-

ture is cordate, the exteriör or superior margin with an acute angle and the interiör

one arched. Seen from the aperture the shell presents an obovate oiitline. The um-

bilicus is closed by a fold of the margin of the lowest apertural corner.

Of all the Gotland Bellerophons this is most nearly related to Bell. spha^ra, but

differs through its obovate outline and the transverse striaj, Height 25 n)illim., breadth

16 millim., height of aperture 10 millim., breadth 16 millim.

Only four specimens have been found in the middle limestone beds (b) and the

lowest part of c, near Wisby and Kyrkberget in Wisby.

3. Belleroplion globulus n.

Pl. v figs. 25—34.

Shell of somewhat variable form, globular, ovate or elliptical in outline, sui'face of a

dark, glossy hue, almost sraooth, with extremely fine, densely packed transverse strias, which
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joiii the slit band at aii luiglo of 38°; tliey beiul outvvards towards tlie sides and again

converge towards the uinbiliciis. The slit band forms an elevated keel vvith a flat top,

on each side bordered by a fino line and wavy with the niinute and delicate liues of

growth. Whorls foiir and a half, regularly inci'easing in width, twice as large as high

and eonsequently not so narrow as in Bell. sphiura. Shell thick and as conimon in

this genus, at thickest aroiiiid the umbilicus and at the inferior eorners of the aper-

ture. The last Avhorl, when seen from the side, is straight or only faintly curved, and

its apertural and dorsal contours are nearly parallel, f. 26. In my specimens, whieh

are not quite complete, the aperture is longer than the rest of the shell. The infe-

rior eorners of the aperture near the umbilicus, where the shell is at thickest, are

rounded or cylindrical and completely hide the umbilicus, which in young specimens

is open. Diamet. 20 millims., breadth at the fragmentary aperture 17 millims., height

of the aperture 7 millim.

Occurs in the shale beds of Eksta at Djupvik and in Fröjel. It is nearly related

to Bell. spha^ra, but difiers by haviiig the umbilicus entirely covered by a fold of the

reflexed börder of the a[)erture. The shell is moreover thicker and the direction of

the transverse stria; and their angle when joining the slit band quite different.

4. Belleroplion tsenia n.

Pl. VI figs. 22—25, pl. VII %s. 4—5.

Shell discoid Avith six much compressed and thin whorls, transverse, nearly el-

liptical in their section, twice as broad as high, their dorsal side only a little convex»

in many nearly flat, the lateral angles very thin and acute. All whorls are visible

on the umbilical as well as on the apical side. The only specimen which shows

some fragments of the expanded aperture makes it not clear whether there has

been an open or closed umbilicus, but it seems likely that it has been more narrow

than may be judged of by its wideness in the other samples. At the aperture, which

seems to have been quite as large as in Bell. sphajra, the shell attains its greatest

thickness and consists of several strata. On other parts, where fragments of it still

are seen, it is very thin. The transverse stria3 of the surface are nearly straight or

only faintl)' curved in an angle of 68° near the slit band. This band is narrow and

only a little elevated betAveen two sharpedged lines. Height 60 millim., breadth of

aperture 60 millim., breadth of the last whorl near the aperture 28 millim., height 19

inillim. Occurs in the lower limestone beds at Östergarn and Ardre, and also on

the shore of Hammar in Kräklingbo, and in the soft gray limestone of Lindeklint and Fröjel.

5. Belleroplion fastigiatus n.

Pl. VI, iigs. 1—10.

Shell rather more discoid than globular, aperture transverse and triangulär in outline,

the base being only sliglitly arched. It is incomplete, the margins brokeu off and
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fragmeiitary. Whorls live, transverse, cariiiated oii the dorsal side. Uiiibilicus opeii uiid

large witli stoop borders. The traiisversal striaj of the surface crowded, joiuiiig the slit

band in an acute angle of 32°, they are bent oiitwards and backwards to the mubilicus.

In several speciraens there is an indistinct carina on both sides of the slit band and

parallel to it, placed at the point where the transverse strisB are bending backwards.

The slit band is elevaled, flat on its top, (inely and transversally sculptured, sonievvhat

concave along its median line and bordered on each side by two thinedged lines.

This species makes somehow an approach to the genns Cyrtolites by its acumi-

nated dorsal side, its wide umbilicus and its laterally compressed whorls. Height 13

millim., breadth 10 millim., diameter of umbilicus 4 millim., height of aperture 5

millim.

Several specimens have been found in the shale at Djupvik in Eksta.

From the shale beds of Djiipvik in Eksta some specimens of Bellerophon have

been found along with the forujer, the aftniities and exteriör characters of which have

been obscured through their bad conservatioii. But when sectioned they exhibit a pe-

culiar deviation from the other Bellerophons in being evidently asymetric or having the

whorls inclining nearer to the apical side, thus making an approach to a conical-spiral

volution. In this respect they coincide with the new genus Stachella, which Waagen
has instituted, and which chiefly is distinguished through its asymetric whorls. On
plate VI the ligures 11, 12 give an idea of these shells.

6. Belleroplion tubulosus n.

Pl. XIX lig. 6—11.

Shell globular or sphairoidal, with five whorls, thin, excepting around the umbi-

lical region. Surface orriamented with narrow, transverse stripes which meet the slit

band in an angle of 44°. They are elevated at their superior edge, the more so ncar

the umbilicus, where they also are more numerous. Parallel with this edge they are

finely striated. The slit band is narrow and the crescents of growth indistinct and

distantiated. The aperture is semicircular and its superior lip is slightly angular. The

lips are thin; their inferior side corners are prolonged in earlike lappets, curved like

hooks inwards against the very narrow umbilical opening without closing it. During

continued growth a tubular space is thus enclosed between the outside of the inferior

borders of the aperture and the Iiooklike, lateral prolongations of the shell. Where

they end they are, moreover, convoluted and directed backwards from the aperture. All

around these peculiar umbilical tubes the shelly matter has been deposited to an amount,

many times surpassing the thin shell on the dorsal side. In one^specimen, lig. 6, there

is a trace of a dark colour band around the covered umbilicus. H. 22 mill., breadth

16 mill.

A few specimens have been obtained from the superior limestone near Wisby at

Kålens qvarn and inside that town on Kyrkberget. As to shape and ornamentation

this species somewhat resembles B. fasciatus, though this is more angular on the su-
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perior etlgo of the dorsal side and ha« nu tiibus. As to tliusc B. f ubuloisiis coiiies iieur

to B. elcgiuitiilus wliero thu ciiclu.scd sptices are iiiorc iiarrow.

7. Belleroplion squamosus n.

Pl. v ligs. 17—24.

Shell globular, soiucwhat compressed, tlie last wlioi-1 uiucli enlarged tovvards tlie

apt;i'ture. Whorls four, rapidly iiicreasiiig in size, of elliptical section, tlie last one

subcordate with dorsal keel. Outlines of aperture iiearly circular, decply indcntcd in

the midst of the exteriör lip. Lateral and inferior borders sinooth and gently curved.

Umbilicus open and only partially concealed through the inferior corners of the aper-

ture, which have grovvn down outside the same. The transverse lines of growth are

inibricated and project as irregularly curved lamella^, standing out much in relief with

their edges. These edges are extremely thin, as may be gathered from a section drawn

ligs. 23—24, pl. V, and, moreover, much ii'regularly grown in many curvatures. At

the base they regularly join the slit band in an angle of 58°. The interstices are finely

striated by minute ornamental lines, parallel to the lines of growth and longitudinally

grooved. The spaces between the equidistant grooves are gently arched. Where the

grooves meet the transverse lamina}, they are a little indented and hence form a wavy

line. The slit band is narrow, but distinct, situated between two elevated lines, so-

inewhat sinuous and more prominent on the last whorl than elsewhere. Height 45

millim., breadth and height of aperture 38 millim.

Found in several specimens at Lutterhorn and Länsa in Fårö, Sandvik at Fårö-

sund and on Kyrkberget in Wisby.

8. Belleroplion Eiseni n.

Pl. VI tigs. 19—21.

Shell globular with enlarged aperture, as far as visible without laterally bent

margins. Sculpture of the shell very characteristic, consisting of some eight to ten

shallow, longitudinal grooves on both sides of the slit band and parallel with it, form-

ing, as it were, a broad median zone, occupying nearly a third of the dorsal surface.

On both sides of it there are no traces at all of any longitudinal sculpture. These

lines are crossed by fine and closely set transverse lines, which occupy the whole sur-

face and meet the slit band almost rectangularly, being only very slightly curved

towards the aperture. The umbilicus seems to have been open. The slit band which

is not w^ell preserved has probably formed an elevated keel on the body whorl. Height

20 millim., breadth 36 millim., the umbilicus nearly 5 millim.

Only one fragmentary specimen was discovered by Dr G. Eisen in the bard cry-

stalline limestone at Wialmsudd near Fårösund in the parish of Bunge.
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9. Belleroplion elegantulus n.

Pl. VI %s. 15—18.

Shell thick, onlobular, urabilicus closed by a convoluted thick fold of the inferior

apertnral lip. A little above this fold, there is a transverse groove, partitioned off

from the aperture of the shell through a new fold or process which joins the inner

snrface of the aperture. Exteriör surface ornamented with regularly distantiated trans-

verse lines of growth, which meet the slit band in a very acute angle of 29°, then

spread in an arched curve towards the sides. The interstices are densely and longi-

tudinaly wrinkled, as seen in the enlarged ligures, giving the surface a finely cancellated

appearance. Slit band narrow and raoderately elevated Avith rare, crescent formed

wavelets. Height 11 millims; width of aperture 12 millim., height of the same 7

millim.

One specimen has been obtained from the middle lirnestone bands near Wisby.

10. Bellerophon latevittatus n.

Pl. VI %s. 26—28, pl. VII figs. 6—8.

Shell globular, with espanded, transverse aperture. In the only specimen with

the shell preserved the height of the aperture is contained nearly four times in its

breadth. In casts of other specimens, which are almost entire, it is evident that the

exteriör lip has been thin and enlarged. Some two millimeters further inside it is

provided with a thick transverse callosity or fold, which continues past the upper side

of the umbilicus, along the exteriör sides of the aperture, where it disappears. This

callosity gives to the casts a stränge appearance, in a certain way reminding of what

is seen in the young Goniatites. But the same kind of callosity also occurs amongst

other Gastropoda as for instance Platyceras cornutum. The interiör or lower lip

of the aperture seems to have been divided in two lobes, as in young specimens of

the Carboniferous Bell. decussatus from Tournai. The umbilicus is open. The orna-

mentation of the surface consists of closely set, elevated, transverse lines, which meet the

slit band nearly rectangularly. They are closely and longitudinally wrinkled. The slit

band is relatively the largest, which any of the Gotlandic species is provided with, ex~

cepting B. gemma, being 1 millim. in breadth on a total diameter of the shell of

4 millim. It is elevated but flat. Height 7 millims., breadth at umbilicus 6 millim., at

the aperture 10 mm., height of aperture 7 mm.
Four specimens have been found in the lowest shale beds near Wisby and also

at östergarn.

This species comes near to Bell. latefasciatus Sandberger, Verstein. des Rheini-

schen Schichtensystems, pl. 22 fig. 4.
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11. Bellerophon gemma n.

Pl. XIX lig. 12-14.

Shell globular, last whorl rather rapidly expanding, in section broadly transverse

or elliptical, iTiclining to crescent shape. The iirabilicus is narrow and open, Tho
ornatnontation, which cannot be plainly seen without a strong lens, consists of a large

slit band, covered by the same sort of densely crowded lines which decorate thc sides

and join the slit band in an angle of 63°. They are longitudinally streaked with

elevated wrinkles, larger towards the opening and attenuated backwards. H. 5 inui.,

breadth at the aperture 6 mm. Only a single speciracn has hitherto been found in the

shales of Wisby. Another specimen in good preservation from the red limestone of

Saiidarfve kulle comes near to the preceding, but differs in the .slit band not being

elevated, only at the same level with the othcr snrface, and also in the ornamental

lines being more arched.

12. Belleroplion pilula n.

Pl. VI figs. 29—30.

Shell globular, aperture, as far as preserved, transverse, crescent shaped, more than

four times as broad as high. Urabilicus open. Surface covered by a fine network of

miiiute, elevated, longitudinal and transverse lines, which enclose regular, quadratic

spaces. The slit band indistinct. Height 3 milliin., breadth 2 millim.

Found in the oldest shale at Djupvik in Eksta.

13. Belleroplion trilolbatus Sowerbv p. p.

Pl. IV Kgs. 1.3—15.

Beäerophmi trilo/intvs. 1S39. SowEKBY in Sil. Syst., 604, pl. 3 fig. 16.

1840. D'ORBieNy H. Nat. Ceplialop., 209, pl. 7 lig. 24—27. Pl. 8 ligs. 13 is also

cited, but in tho copy of tho wovk, to which I have had access theve is no

plate 8. Pcrhaps it has never heen published.

18.50. D'Orb. Prodr. I, 31.

1854. Morris Cat. Brit. Foss., 288.

1855. Mac Coy Brit. Pal. Foss., 311.

1856. Sani>berger Vcrstein. des Rhein. Schichtcnsyst., 177, pl. 22 t'., 1—3.

1867. Sai.ter Silnria 3d Ed , 534, pl. 34 f. 9.

1873. Id. Catal. Carabr. Museum, 97, 192.

Shell involute, with three or four broadly and transversally Hattened whorls,

which are elliptical in section, and their height contained nearly three times in

their breadth. The dorsal surface is divided in three different longitudinal fields

through two deep grooves near the sides. The median field is at least of double the

size of the lateral ones. As the specimens exist only in casts, there are no vestiges

of the shell itself and it is even doubtful whether it really belongs to this genus as
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never any trace of the slit band has been found. Of the three varieties which

Sandberger (1. c.) has described, his B. tumidus comes most near to the Gotlandic

form. As to the shape it also agrees Avith the figure given by Sowerby in Silurian

System, although it is larger than his. The figure given by D'Orbigny is altogether

different. Bucania trilobata Conrad ^) may also belong to this species. Largest dia-

meter 18 millim., breadth of aperture 22 mm.; height of aperture 9 millim., diameter

of umbilicus 3 mm.
It occurs in the shales of Petesvik in Habblingbo and of Wisby and in the oolite

and sandstone of Biirsvik.

Gen. CYRT0LITE8 Conrad.

Synonyms. 1838. Cyrtolites Conrad Ann. Eep. N. Y. Oiib., 118.

1838. PJiragmolithes Conrad p. p. ibid., 119.

? 1839. DitcLvopus Rapinesöue Bull. Soc. Géol. de France, vol. X, 378.

1845. Microceras Hall Sillim. Journ., vol. 48, 294.

1866. Tropidismis Mbek Proceed. Chicago Aoad. Sci., vol. 1, 9.

1880. Tropidodisciis Waagen (emendatio) Paloeont. Indica XIII, 131.

1882. Tropidocyclus De Koninck A.nn. Soc. Géol. de Belgique IX, 12.

Shell discoicl, laterally coin]jressed, involute or loitli free, not contiguous ivlwrls, um-
bilicus open and double, aperture elongate and lanceolate. A dorsal keel origina.tes from
a sinus or slit in the superior börder of the aperture and continues more or less elevated,

the interiör lip having its form moidded aceording to the ivhorl on lohich it rests.

In spite of all what has been stated ^) to the oontrary, there can be no doubt,

nor mistake about the type species of this genus and what its first authors meant

thereby. This type is C. ornatus, first named and shortly described by Conrad in the

Annual Report of the Geol. Survey of New York 1838 p. 118 and then again more in

full described and figured by Hall in Palajontology of N. York vol. I p. 308 pl. 84

f. 1. There has been almost no dissension amongst the American authors as to this

genus. It is of no avail that both Conrad and Hall a few years låter united with

the first species other fossils, which are no Gastropoda at all, being in reality Cephalo-

poda, probably Cyrtocerata. ') The first described type must here, as always in similar

cases, be the guiding one, around which to group related species and from which dis-

similar ones are to be discarded. The other coeval genus, Phragmolithes of Conrad,

also coincides with Cyrtolites, as has been shown by Hall in Fal. of N. York vol. I.

p. 188, and in which some lines of growth had been interpreted as septa. Ditaxopus

of Rafinesque is a most obscure fossil, but may possibly be only a form of Cyrtolites.

Microceras Hall is doubtingly described as septate, but Meek has in Fal. of Ohio vol.

') Hall Pal. N. York, vol. 2 p. 13, 93. — Planorbis trilobatus Geol. Rep. N. Y., 1838 p. 113.

^) De Koninck Fanne Carbonif. II, iv, p. 293. — Waagen Palajont. hulica, Salt Ilange Foss. p. 132.
') CoNiiAD Journal. Acad. N. Se. Philadelpliia vol. 8 p. 270 (C. trent.onensis). Hall Pal. of N. Y. I,

p. 188.

K. Sv. Vet.-Akad. HandL Bd. 1!). N-.o 6. 11
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1 p. 147 shown that it in no essential characters differs from Cyrtolites. Troijidiscus

Meek, or Tropidodiscus as the name has been einendated by Waagen, is one of those

forras in which the whorls are more nuraerous and involute than the others and the

dorsal carina thin. As the nanie had already been preoccupied for a recent shell of

the Planorbida3, De Koninck has instead proposed Tropidocydus, but this as well as

the former ones must be regarded only as synonyms to Cyrtolites. Porcellia Verneuili

D'Orb., De Kon. Faune Carbonifére, II, pt IV, 288, belongs probably also to the genus

Cyrtolites.

There is some difference as to the involution and number of the whorls, and as

to the size and sculpture of the dorsal carina. But the common compressed, discoid,

shape and the form of the aperture, which as to its details is nearly alike in all, are

sufficient grounds to unite them in the same genus.

The geological range of its species is limited in Sweden to the Upper Silurian

formation of Gotland from where five species are known in the shale and sandstone

beds, and three in the superjacent limestone, one species being common to both. Abroad

Cyrtolites continued as far as now is known in both the Devonian and Carboniferous

formations. In North America several species are found already in the Lower Silurian.

Conspectus of the species:

I. Whorls free or scarcely contiguous, few in number.

1. C. lamellifer n.

2. C. pharetra n.

II. Shell with contiguous whorls, numerous, disciform.

3. C. arrosus n.

4. C. obliquus n.

5. C. euryomphalus n.

6. C. discus n.

7. C. orbiculus n.

1. Cyrtolites lamellifer n.

Pl. VI ligs. 31—38.

Shell laterally compressed, along the median line of the sides somewhat tumid

and thence elliptic in a transverse section. The surface is transversally ridged by a

succession of regularly distantiated, outstanding lamella3, wide apart at the dorsal side,

converging towards the ventral side and most of them meeting. They stånd out,

slightly bent against the aperture of the shell (figs. 34, 37), looking like hooks when

seen edgewise. They are about fifteen and represent the successive apertural borders.

They are crossed by regular, elevated longitudinal striaj nearly of equal size, separated

by interspaces of the same width. Rectangularly to them, minute threadfine ornamental

lines are running. The dorsal keel or the slit band is moderately elevated and in

direct continuation of a deep tongue shaped slit in the middle of the superior lip of

the aperture. The slit band is even and consists of small arched lines (figs. 32, 38),
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with their curves directed backwards. A great rnany of theiu are direct continuations

of the lateral, projecting lamella3, which thus run without interruptioii all around tlie

sliell. The whorls are in the inost perfect specimens two and a half, open, disjointed.

In soine, as that delineated in tigure o4, there is only oiie and a half whorls, the shell

resembling a Cyrtoceras. The aperture is elliptical, acuminated towards the dorsal and

ventral sides. The middle of the inferior lip is elevated into a small, vaulted saddle.

It does not, however, repose on the back of the preceding whoi'l as in tlie other spe-

cies. On the ventral side of the shell quite opposite to the slit band, there is a shallow

groove running down towards the apex. Diameter of the aperture 20 millirn. in the

fragment of a very large specimen. A complete specimen is 1 1 milliin. at the aper-

ture, the transverse diam. of the aperture is 6 millini., total length 18 millim.

This hcautiful shell has been found in several specimens in the limestone beds

(b) in the neighbourhood of Wisby and towards the north as far as Likkershamu.

2. Cyrtolites pliaretra n.

Pl. VI figs. 39—51.

Shell discoid, compressed, tumid along the middle-line of the sides. The orna-

mentation coiisists in straight, equally distantiated sulci with blunt edges, but in an

obtuse angle, directed forwards, near the back; they give to the surface an imbricated

appearance and they converge towards the ventral side. They continue without inter-

ruption around the shell, forming at the dorsal carina a sinus backwards and down-

wards. The spaces between the sulci are smooth or slightly striated by tine, longitu-

dinal lines. There are traces of longitudinal colour bands, alternately dark and light

of unequal largeness, as represented in tig. 39. The whorls are two and a half, free

and disjointed, rapidly increasing in width (fig, 45). The dorsal carina is low, almost

vanishing near the aperture, gradually increasing in height backwards and also becom-

ing more narrow. The aperture is ovate or in some approaching to circular, its in-

teriör lip reclines on the back of the nearest whorl and is, at the point of contact,

bent in a small saddle. Corresponding to this a groove runs on the outside of the shell

to the apex. The slit in the superior lip is shallow and broad. Length 15 millim.,

longest diam. of the aperture 9 millim., transverse diam. 6 millim.

Only found in the sliale at Djupvik in Eksta from where several specimens are

preserved in the State Museum at Stockholm.

3. Cyrtolites arrosus n.

Pl. VI figs. ,52—53.

Shell discoid, tumid, involute, whorls three and a half, rapidly increasing in

size. Surface with fine, transverse, regularly curved lameilar lines, with serrulated

edges, as shown in fig. 53. The aperture is oval, the slit seems to have been deep
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and the saddle of tlie interiör lip is hirge,. The keel is blunt to jndge by tlic cast

of it. Heiglit of the shell 33 niillini., breadth 23 luillim. lleight of aperture 20 mil-

lim., breadth of same 15 millim.

Only one specimen has hitherto beeu found in the limestone of Martebo.

4. Cyrtolites obliquus n.

Pl. VI ligs. 54—55.

Shell discoid, a little obliqiiely involute, terete; ornamental striaj riaost ininute,

closely set, with denticulated edges, dorsal carina blunt and narrow. Whorls three and

a half. Diameter of the fragmentary shell 3 millims. From the sandstone of Bursvik.

5. Cyrtolites euryomphalus n.

Pl. VII ligs. 10—15.

Shell diseoid, involute, surface smooth, rather glossy, ornamented with regularly

distantiated Ijnes, elevated, giving the surface an imbricated appearance. Along the

interiör edge of the whorls there runs a narrow ridge, on which the transverse lines

swell in a minute nodule. From this ridge the surface falls off abruptedly towards

the centre of the shell. The whorls are four and a half, gradually increasing in width,

contiguous. The aperture is broader than long, nearly pentagonal, with the dorsal ca-

rina forming a tonguelike processus from the superior edge. The slit band is inuch

prominent, flat on its outer edge and covered with distantiated, crescent shaped lines

of gi'owth. Diameter 5 millim., breadth of aperture 3 millim.; height 2 millim.; dia-

meter of space enclosed within the interiör ridge 2 millim. From the shale at Djup-

vik in Eksta. Souie twenty specimens known. A corroded specimen has also been obtained

from the sandstone of Bursvik.

6. Cyrtolites discus n.

Pl. VII figs. 18—21.

Shell discoid or lenticular, slightly tumid, surface with liuear, elevated, trans-

verse striie, cnrved gently backwards on the dorsal side, regidarly distantiated and hav-

ing between them much finer, minute lines. Whorls four, gradually increasing, the

last one partially free. Aperture triangulär, lower lip nearly straight, horizontal, lateral

margins faintly curved, converging at the narrow dorsal slit. Slit band narrow, eleva-

ted, blunt, not much prominent, covered with small crescent shaped lines of growth.

Largest diameter 7 millim., breadth 3 millini.

The original specimen, which belongs to the Museum of the Geological Survey

of Sweden, has been found in the sandstone of Bursvik. Låter, another specimen has

been found in the middle limestone beds near Wisby. This is more smooth without

any smaller lines between the large transverse strias.
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It is distiiiguished from the following through its fevvur and broader whorls,

through its lower and bluut slit band and its triangulär aperture.

7. Cyrtolites orbiculus n.

ri. VII ligs. 16—17.

Shell discoid, involute with all whorls contiguous. Surface with distantiated,

threadfine, elevated, transverse lines, gently curvud backwards, the interstices being

suiootli or indistinctly finely striated. The whorls are five and a half, at highest near

their inner edge, which sinks vertically to the deep suture. Aperture broadly lanceo-

late. Slit band a thin, piwninent keel ujore elevated than in any other Gotland spe-

cies of this genus.

Lai'gest diameter 13 millim; thickness 4 niillim. at the aperture. Only one spe-

cimen has hitherto been found in the shale of Djupvik in Eksta.

Gen. TREWIANOTUS Hall.

1864 Tremanotus Hall Extraet of ISth liept. St. Cab. N. York p. 43.

1868 Gyrotrema Barkande, accordiiig to Bjgsby Thes. Silur. p. 167 and also to letters from M. Bariiande
himself.

Shell discoid, involute, whorls tumid, visible both from the umbilical and cvpical side,

consequently with large, open, double umbilicus; aperture with greatly expanded and enlarged

lips, the slit very shallow, continuing in a narrow keel, which is perforated by a nuniber

of oval apertures. These have subsequently been closed with shelly matter.

This genus was founded by James Hall, as is stated by Meek^), in an Extraet

from the 18th Report of Regents N. York. St. Cab. p. 43, which was issued in 1864,

but this extraet was never published along with the rest of the 18th Report"), being

only in 1868 joined to the first edition of the 20th Report, with the date 1865 printed

on the slieet wherein the said description is contained. It seems, however, not to be

any valid grounds to follow Hall in placing it as a subgenus to Porcellia, a genus

Avhich belongs to a much låter period and has a deep slit in the exteriör lip and a

slit band quite as in Pleurotomaria, but without apertures and, moreover, obliquely spi-

ral. Tremanotus is indeed quite as much different from this genus as from all other

Bellerophontidai, excepting Tubina and possibly also Salpingostoma, in the presenee of

the apertures on the doi-sal keel. It resembles, as to the expanded aperture, some of

the species of Bucania, which genus, as it has been limited by its founder FIall in

the Pal. of N. York vol. I, contains many heterogenous forms, of which several ones

are extant only in obscure casts. Amongst other genera, Tubina Barkande^) is related

1) Meek Proc. Chicago Ac. Se. 1865, vol. I. p. 10.

-) Issued in 1865.

*) OwEN Palaeontology 1860 p. 71 lig. 71, 8 and also uamed tlius on labcls in collections sent from Prag.
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through the rows of aportures along the back and the sides, wliich, however, are prolonged

into curved, spine like tubes. It seems alno that Salpingostoma Ferd. Rokmkr, Leth.

Geogn., Ed. 1876, Taf". 5 tig. 12, is related through its enlarged aperture and an clon-

gated slit on the back of the last whorl. S. A. Miller in his Supplement to the Ca-

talogue of American Palajozoic Fossils p. 304, says that »Tremanotus is a synonym for

Bucania. The supposed openings on the cast represent the spines upon the back of

the anterior part of the last whorl of the shell». But this cannot be the case, as the

smallest specimens already are provided with these apertures, which during the conti-

nued growth of the shell become hidden under the overlying whorls. There are no

signs that the borders of the apertures have been formed through spines or tubes ha-

ving been broken from them, they are even and smooth and resemble nothing more

than those seen in the recent Haliotis. The peculiar ornamentation of longitudinal,

coarse lines also augments the probability that both are nearly related to each other.

This must, however, be left as an open question as there are no connecting links, the

Tremanoti disappearing with the Silurian era and Haliotis at the earliest found in the

Miocene strata.

This genus first appears in the Lower Silurian strata of Öland from the Chas-

mops limestone of which island, at Boda, the Swedish State Museum possesses fragments

of a Tremanotus closely related to Tr. longitudinalis, if not identical.

In the strata of Gotland two species occur:

1. Tr. longitudinalis with whorls of circular section;

2. Tr. conqjressus with whorls of elliptical section.

1. Tremanotus longitudinalis n.

Pl. III f. 39, 40, pl. IV f. 1—7.

Syn.: Bellerophon dilatatus 1867. Lindström (nec Sow.) Noiiiina fossil. Gotlmuiiiu p. 23. It may be that

tliis species is identical witli Sowekby's B. dilatatus Sow. Sil. Syst. p.

627 pl. XII figs. 23, 24. According to M'Coys more elaborate descrip-

tion in Pakieoz. Possils p. 309 tliis species bas spiral liues, but as in

uoither work uny mention is made of apertures on the dorsal keel, I

cannot refer my specimens to the English ones.

Shell thin, discoid, whorls four, visible on both sides, evenly rounded, cylin-

drical and of circular outline in transverse section. Aperture considerably enlarged,

with anterior or outer lip turned up as seen in lig. 3 pl. IV, without any slit, only

with a shallow indenture from which a small groove continues on the inside. Where

fragments are left of the inner stratum of the shell, as at the inner lip of lig. 1 pl.

IV it is smooth with only faint strias and the lip is so much rellexed that it covers

more than two thirds of the whorl on which it reclines. As this interiör stratum

often has been destroyed, there is on the aperture commonly only seen the impression

of the outer side. The radiating striaa all arround the aperture, seen in the same

figure 1, are impressions of the exteriör surface which have been uncovered. The inner-

most opening in the middle of the apertural expansion is transverse or somewhat tri-

angularly cordate, pointed towards the outer lip and broad on the opposite side. The
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outer side is ornamented by longitudinal, elevated bands, of iinequal size, large and

narrow, as it were, in pairs with larger interspaces. They are not quite parallel with

the median axis and spreading toward the aperture in a sort of pinnate arrangeraont,

new ones being intercalated from the dorsal keel. Tliese bands are interrupted by

transverse, sinuose, sunk lines, in older and worn specimens much reminding of the

fringed sutural lines of the diaphragms of the Aramonites. As seen in figs. 4 and 6 pl.

IV these interruptions are very evident along the transverse lines and it is indeed a

new set of longitudinal bands whicli starts in the front of such transversals. These

are, as raay clearly be seen through fig. 39 pl. III, the edges of the old expanded

apertures, which in perfect and intact specimens must have projected as imbricated

laraella?, the one beyond the other, as in some of the Cyrtolites.

Along the median line of the dorsal side an elevated, narrow keel is stretching,

corresponding with the groove on the inside; at some distance from the superior margin

of the outer lip there is a row of elongated, elliptical apertures with elevated borders.

These apertures continue for a while open and become further down on the spire closed

with shelly matter as in Haliotis.

Longitudinal axis of aperture 94 millim., transverse diam. of same 95 millim.,

diameter of last whorl near the aperture 31 millim. Distance from the edge of the

outer lip to the opposite end of the whorl 115 millim.

This, one of the largest of our Silurian shells, has been found in many places on

Gotland. In the oldest shale beds from Halls huk, along the shores north and south

of Wisby, in the shale of Djupvik in Eksta, Petesvik in Habblingbo and further inland

in the shales of Wisne myr in Fardhem, and also in the sandstone of Bursvik. The

superjacent limestone and oolite beds also contain it. It has been found in these

beds at the canal near Westöös in Hall, in Martebo, around Wisby, in a section near

Stjernarfve in Eksta, in the limestone near Lau church and the oolite of Bursvik. From
the upperraost limestone strata it has been obtained at Lutterhorn in Fårö, Martebo,

Kålens qvarn near Wisby, the upper limestone of Slite, W^ialrasudd at Fårösund and at

Fröjelklint. It occurs almost always in casts, only a few specimens having been found

with the shell, which is very thin.

Among nearly related species Treman, trigonostoma Hall and Wiiiteield Geol.

Surv. Ohio, vol. II p. 146, pl. VIII f. 5 resembles Tr. longitudinalis in a high degree.

2. Tremanotus compressus n.

Pl. IV iigs. 8— 12.

Shell discoid, involute, whorls five, transverse with the lateral diameter largest.

In a section the whorls are of an elliptical outline. In the nuclei, which Jiave been

found, nothing is left of the expanded aperture. There are faint traces of longitudi-

nal lines. The apertures on the dorsal keel are smaller, more regular and closer set

than in the preceding species, elliptical or ovate. Largest diameter 34 millim. Breadth
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of largest whorl at the aperture 32 millim. Height of the same 18 millim. Occurs

in the liinestone beds of Östergarn, but only as nuclei, also at Hammaren in Kräklingbo.

Amongst formerly knovvn species, Bellerophon Aymestrensis So\y. Sil. syst. p.

61(5, pl. 6 fig. 12 seems to be nearest related to this species, but there are no apertures

on its hack, as far as the evidence goes.

Fara. VI. PLEUROTOMARID^ D'Orbigny.

Since Dall in the Bulletin of the Museum of Comparative Zoology, vol. IX, M 2

(1881) p. 77 and following, made known the i^esults of his researches on the structure of

the animals of two different species of Pleurotomaria, dredged up from the depths of

the Mexican Gulf there are more valid grounds than before to attribute to the members
of that large genus an independent position in a family of their own. Scissurella which

had long been considered as the only living representative of the Pleurotomaridae,

must henceforth be separated from them and receive its place with the Trochidas, while

Pleurotomaria, according to Dall »stånds nearest the Trochida?, with features recalling

the HaliotidaB». This same opinion had indeed also been pronounced by sorae other

zoologists previous to Dall's researches on the animals themselves, as by Claus, though

he includes Scissurella in this group.

It is, however, very difficult, on various grounds, to draw the exact limits in

respect to several of the palajozoic forms and to tell with certainty, which are belon-

ging to this family and which are not. It must be borne in mind that there are se-

veral shells, besides the Pleurotomarise and belonging to quite different families, which

are provided with a slit in the exteriör lip and a slit band, as nearly as possible re-

sembling that of Pleurotomaria. Scissurella, for inst., is provided with a similar band

and also Emarginula, in both of which the organization of the animals is different from

that of Pleurotomaria. In the Bellerophontidaj there also occurs a slit band, which in

many of them, though not in all species, is formed upon the same plan as in Pleuro-

tomaria.

The peculiarity in the structure of the body, which has caused the deep slit,

may, no doubt, be shared by several other Gastropoda, else dissimilar, but in them

originating only a shallow notch, as sometimes, not typical, in certain specimens of

Platyceras or typical in all species of several genera, as in the next family, the Euom-
phalidte or in the large genus Pleurotoma or in Siliquaria. In none of these, however,

the peculiar slit band is marked by distinct crescent-formed lines of growth or la-

mellte, sometimes attaining an enormous development and enclosed within two or even

more distinct elevated lines or lamellaä.

The nacreous shell of the true Pleurotomaria? is still preserved in a great ma-

jority of the Silurian species which are described further on. There must rest some

doubt concerning those, in which the nacre is not left behind, but which else in all

details are like the Pleurotomaridos and which, provisionally at least, may be included

in this family.
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According to the definition lirst given by De France all those palteozoic species,

which have the characteristic, broad slit which by and by during continued growth is

filled up and changed into the equally characteristic slit band, are numbered amongst

them. This family is thus made to contain the following eight palreozoic genera, viz.

Pleurotomaria, Murchisonia, Odontoinaria, Brilonella, Porcellia, Catantostoma, Polytre-

maria and Trochotoraaria. Of these only two, Pleurotomaria and Murchisonia, are re-

presented through species in the Silurian formation of Gotland, but in such a large

nuniber that they make up nearly a third of the whole fauna of Gastropoda.

The limits between this family and the following, that of the Euomphalidse,

are somewhat obscured through such forms as Pleuronotus (Euomph.) Decewi, in which

there is an approach to the formation of a complete slit band, in connection with a

general form of the shell as in Euomphalus. It is although questionable whether one

of the specimens^) figured by James Hall and in which the slit band is most promi-

nent really belongs to the same species or to Euomphalus at all.

There are also some shells which have been placed in this family, though thej^

sometimes exhibit a change of a regular and distinct slit band into the simple, notched,

angulate rib, such as is characteristic of the Euomphali. Pleurotom. planorbis His.

for instance thus forms in a certain degree a connecting link between both families.

But in consequence of such structural variations some confusion bas been unavoidable

and some uncertainty ensued which genera are to belong to this or the following fa-

mily. Moreover, genera, which do not at all show the characteristic features, have

been placed amongst the Pleurotomaridaj, and, again, others, which of necessity must

be numbered with them have been excluded. An attempt to clear up this somehow

is made further down, when the respective genera are treated.

Gen. PLEUROTONIARIA De France.

1810? Hercoles Montfort p. p. Conchyl- System. II, 274.

1810 Anatomiis Monti'. p. p. ibid. 278.

1821 Pleurotomaria De France in Férussac Tableaux Systématiques, p. XXXIV.
1823 Scissnrella LVOrbigny p. p. Mém. Soc. II. N. Par. vol. 1, ,340.

1825 Pleurotomarium Blainvili,e Malacologie, 429.

18.37 Inachus His. p. p. Leth. Suec, 37.

1837 Ptycliomphalus L. Agassiz Gross-Britanniens Mineral. Connli. 23, 222.

1842 Scalites Conrad p. p. in Emmon's Geol. Rept. 312.

1847 Rhaphistoma Hall Fal. N.-York I, 28.

1859 ITelicotoma Salter Figures and Descript. of Oanadian Organic Reraains, Dec. 1, 10.

1876 Etiomphalopterus Ferd. Roemer Letli. Gnogn. Ed. 4. l:e Theil, Taf. 14 fig. 9.

1883 Gosseletia De Koninck Faune Carbonif. Belg. II, pt. 4, 28.

1883 Ågnesia Ii). Ibid. 99.

1883 Luciella Id. Ibid. 107.

1883 MourlonialT). Ibid. 245.

Shell of varying shajye, trochiform, turhinated, discoid nr glolmlar, nnth a hroad

angid.ar slit near the middle of the exteriör Up, continued on the whorls by n band^ which

is bordered by one or two elevated lines on each side and tovmrds which the trans-

1) Pal. of N.-York, vol. V, pt. II, pl. 29 fig. 7.

K. Vet. Akad. Handl. Band 19. N:o 6. '-^
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ver.se strios of the upper and lower moiety of the whorls converge in direction backwards.

In most well preserved specimens the shell is nacreous. In some species there is a iendency

to Jill up the apex of t/ie shell with solid calcareous matter or even to partition of the

apex by imperforated tabulce or diaphragms.

Rich as this genus is in a great number of variously formed species, ranging

in time from tlie basis of the Lower Silurians through all the Pala30zoic formations

with well nigh 500 species, it is conceivable, that many attempts have been made to

divide and subdivide it in generic groups of a second order or even only in divisions

of wider or more narrow circumscription. Before attempting to make any such divi-

sions for the Gotlandic species, it may be convenient to take a review of older grou-

pings or of genera which may be considered as synonymic.

As to the claims of De France as the first author of Pleurotomaria, it cannot

any longer, as Dall thinks, be doubted that De France really must be regarded as

the author and by almost unanimous consent also has been acknowledged as such.

Dall again (Preliminary Rept. on the Mollusca, Bullet. Mus. Comp. Zool. Vol. IX n:o 2

p. 78) considers, that Sowerby who was the first to publish its characters, is the real

author and that his name has to replace that of De France. But the case stånds as

follows. The name Pleurotomaria is printed for the first time in Férussac's Tableaux

Systématiques '), earlier than June 1821 and in December the same year it was characteri-

zed by Sowerby in his Mineral Couchology vol. III p. 139, pl. 278. In 1823 Férussac

in a Note to the Meraoir of D'Orbigny on Scissurella in the »Mémoires de la Soc. d'Hist.

Nat. de Paris», vol. I p. 340, says on Pleurotomaria that »ce genre est connu depuis

longtemps des Naturalistes de Paris et son nom est déjä imprimé dans plusieurs ouvrages».

He does not name any body else but De France as the author. Moreover, James

Sowerby himself before 1S25, when the last pages of his »Genera of Recent and Fossil

Shells» were published, in the descriptive letterpress to pl. 205, where Pleurotomaria

is figured, expressly states that he considered De France as the author, in saying »the

Pleurotomaria of De France», never mentioning himself as the author or making any

claims as such and even not referring to his own previous description in the Mineral

Conchology.

Prominent amongst the synonymic genera is Ptychomphalus L. Agassiz founded

on a shell from the Mountain Limestone, Helicina compressa Sow. It should deviate

from the others in the possession of a callosity on the umbilical centre. But De
KoNiNCK in his last work on the Carboniferous Fauna of Belgium includes in Ptychom-

phalus the majority of the Belgian Pleurotomariaj of that period, 59 species, and does

not accept the genus Pleurotomaria at all, on the ground that the first species de-

scribed by De France have a wide umbilicus. Now the absence or presence of an

umbilicus cannot, as Deshayes ^) long ago has remarked, have any influence on the

') Tableaux Systématiques des Animaux Mollusqucs classés en familles naturelles, p. XXXIV. The second

part of this work, "Tableau Systématique de la Famille des Limaces" bears on its title pagc the date

»Juiu 1821». The preceding pages i

—

xlvij. where Plenrolomaria is eatalogued, are, consequently,

still older.

-) Journal de Conchyliologie I p. 209.
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creation of new genera, when it is knowii how this character varies in one and tlie

same species and that, nioreover, a single character seldom is so important as to

distinguish a genus. Amongst the species of Ptychomphalus, established by De Koninck

there are several without any callosity at all, and also others wliere a narrow umbili-

cns is seen. Of the other new genera, ranked by De Koninck with the Pleurotomaridai,

such genera as Baylea, Worthenia, Rhineoderma do not show the least trace of any

slit band to judge from the figures, the descriptions and in some instances by such

specimens of them as I have seen. The genus Agnesia again seems to have been

founded only on the distinction of its being sinistral, but as it in other details agrees

with Pleurotomaria and sinistral as well as dextral specimens occur within the same

species of Pleurotomaria, as, for inst., Pl. decussata Sandbeuger (Versteiner. d. Rhci-

nischen Schichtensystems p. 197, tab. 24 f. 2), there seems not to be valid grounds

to create a new genus out of it. The same may be said in reference to Gosseletia '),

Mourlonia and Luciella as none of them has such prominent or permanent characters

as to entitle them to any generic distinction from Pleurotomaria.

Ferd. Roemer's Euomphalopterus, however aberrant, is nothing but an extreme

form of Pleurotomaria, as will be shown further down. The extraordinary develop-

ment of the slit band is shared by sorae species which have hitherto been placed

within the incongruous genus Eccyliomphalus, as for inst. Ecc. alatus Ferd. Roemer-

His Odontomaria, Leth. geogn. 4;th Ed. 1 Th. Taf. 29 tig. 10, of which he says that

it »begreift gewissermassen abgerollte Pleurotomarien», is, as it, however, must be

conceded, more straight than any other. As further instances of such PleurotomaridaB

may also be cited Pleurotomaria centrifuga F. Ad. Roemer, Verstein. des Harzgebirges

p. 22, Taf. VII tig. 11^). But, as Ferd. Roemer himself long ago remarked '), the forma-

tion of scalarid shells can only have a subordinate value as a generic characteristic,

as there are involute or evolute specimens belonging to the same species as we shall

see in the description of Pleurotomaria qualteriata. The same peculiarity in the

growth of the shell occui'S also, as is already shown, in Platyceras and even in Euom-
phalus, without there being any grounds to ascribe to it specific, so much the less

any generic value.

The genera Scalites, Rhaphistoma and Helicotoma are founded chiefly on American

fossils and belong to the group of Pl. qualteriata, having the whorls on the apical

side more or less flat and even; the slit band situated on the acute outstanding anglc;

which is formed where the apical and the umbilical sides meet. Most authors seem

now to agree that all are identical and coincide with Pleurotomaria.

') This name has alreadv been employed by Ch. Barrois in 1881 for a lamellibranchiate ; Ann. Soc. Géol.

du Nord, VIII, p. 176.

-) Pleurotomaria exteusa Heiuenhain Griiptolithftlhrende Diluv. p. 18, Taf. 1 i'. 10 (= Bellero])lion evo-

lutus Haupt Taf. III f. 13) is perhaps only an Buoraphalus.
•') Lethoea geognostica, Ed. 3, vol. I, p. 455. »Bs känn jedoch jener Umstand wohl kaum zur Aufstellung

einer eigenen Gattung geniigen, da sehr verschiedene Gasteropodcn-Gattungen (z. B. auch Helix) deren

Umgänge regelmässig verbunden sind, ausnahmsweise zuweilen in Folgc nocli nielit näher crforschter

Einwirkungen frei wer'len. In keinem Falle diirfen solche Arten von Euoraphalus getrennt werden,

bei welchen jene Trennung der Umgänge nicht stets, sondern nur vorherrschend sich lindet.»
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Bcsides tlie above eiiuiULTutccl genera, whicli liave bceii exchiöively, or aluiost

so, instituted for the reception of speciets of Pleurotoinaria, other genera, whicli iiave

notliing in conunon with that genus, shelter a few true Plcurotoniariiv, but liave not

beeii placed in the list of synonyms, as their authors did not inteiid theni for 1'leuro-

tomarite. So, for inst. Pleurotoinaria elliptica His. lias been by De Koninck ineluded

in the Trochoid genus Fleuiingia, established by him, but sucli instances are mentioned

further down in the descriptions and synonyms of the species.

It must be conceded that the limits between this genus and Murchisonia are very

difficult to draw, a wide iield being given to arbitrary individual opinions through the

vagueness attributed to the chief character of Murchisonia, viz. the length of its spire.

It may, nevertheless be praetically useful to distinguish such Pleurotomariie, wliich have

a long, slender spire of more than six, beadlike Avhorls (— Hormotoma Salter) as

Murchisonia. In them the nacreous naturc of the shell is not so evident as in Pleuro-

tomaria proper. The nature of the Pleurotomarian shell as nacreous has been much
contested, but it adniits of no doubt through several Gotlandic speciniens, wliich still

retain the pearly coating interiorly.

The character of the slit in the Silurian species is rather deviating from what

commonly is represented as its form in secondary and more recent formations. The
lips are in these straight cut and the borders of the slit jjarallel, but in the Silurian

ones the slit forms an acute angle and the borders are diverging. In some the slit is

linear, as in Peurotom. asquilatera. As to the slit band, one of the most characteri-

stic features in this genus, it deserves more than a passing attention. It is in almost

all instances herarned in by at least tvvo, parallel, elevated lines, one to each side, al-

ways distinct. The band itself is of a varying breadth, linear as in Pleur. gradata, pl.

VII, fig. 26, or large, relatively, as in Pleurotomaria exquisita, pl. XI iig. 3. The usual

ornanientation consists in crescent-formed lines of growth, pl. IX, tigs. 2, 4, 6, 15 etc,

with the concavity towards the aperture. These crescents are soraetimes crossed by

longitudinal lines as in Pl- claustrata pl. VII f. 31, 34, Pl. glandiformis, Pl. biformis,

pl. VII f. 42 or by a longitudinal ridge as in a whole group of Pleurotomaria with

Pl. bicincta pl. VIII figs. 19, 21, 22, 23 as their type. In Pl. limata, pl. X tigs. 14—
16, the lamellaa of growth have a most extraordinary appearance being thin, prominent,

bent forward, imbricated and in their midst divided through an ovate indenture. The

bordering lines are either very low, of middling size or developed to an enornious

length as lamella;. There can be discerned certain gradations, by which the extreme

development in Pl. alata is connected with the others. In Pl. claustrata, pl. VII

f. 32, both the bordering lines project so miich as to transform the slit band into a

deep groove around the shell. In Pl. limata, pl. X fig. 8, 14, they stånd forth and

form a sharp keel around the shell. A magnified section of it is represented in pl. X
fig. 14, being ineluded in soft limestone, whereby the most delicate parts are preserved.

The cusps inside are sections of the crescentic lamelUii of growth being cut obliquely.

In pl. X fig. 17 a cloven, aliform slit band is figured. The moieties of two lamella3 are

seen in their length froiu the broad, scooped out basis to the pointed apex. In pl.

X figs. 27, 31, 37, details are given of the slit band of Pl. alata showing it, in fig. 27
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(nat. size and luagiiiiied) sectioned transversally and the lamellu) of growth as in tlic

former species, riblike with sniooth interstices, directed obliquely outward, towards the

aperture of the shell. In hg. oU the slit band is sectioned along its whole breadth in

a Ii ne from the whorl outwards, intersecting some ten lamella^ of growth obliquely.

Section lig. ol is taken parallel to tlie exteriör börder, showing the apices of eleven of

the elongated crescentshaped lines of growth. The same large development also obtains

in some other species which form the division »Alata;» and of which several instances

are given on plate XI. This extraordinary increase of the slit band might at the first

look be regarded as a derived feature that attained such dimensions in the Upper
Silurian times. But on finding shells as low down in the series as in the Lower
Gray Orthoceratite limestone with a quite identical slit band one might as well ask

whether there not has been a regress from the development of this band to what we
find prevailing in a reduced shape during låter geological periods- As we are not in

possession of materials ample enough from still older strata, we are not able fairly to

build any conclusion on this point. The aliform slit band is easily distinguished from

other lamellar expansions, such as are found in some Trochi and others, by a section,

through which the interiör compartments become visible, whereas in the latter shells

the interiör is compact.

The character of the slit band varies in the selfsame specirnen of some species,

as for instance in Pl. elliptica and it changes its nature and shape during continued

growth quite as is the case with the Bellerophons.

Another peculiarity amongst some of the Pleurotomaritc is that the apex has been

either filled up with a solid mäss of calcareous matter or has been subdivided in se-

veral small compartments through imperforated diaphragms or tabuUx;. This peculiarity

they share with Murchisonia, Loxoncma and Euomphalus, amongst which it is common.

At the same time this tendency is often accompanied by the formation of a scalarid

shell.

Species of Pleurotomaria are already found in the Lower Red Orthoceratite lime-

stone of Sweden, beginning with Pleurotomaria qualteriata. Pleurotomaria elliptica

HisiNGEii also is found in the Upper Gray Orthoceratite Limestone of Sweden. But it

was in the Upper Silurian seas, in the strata, which now make up the chief mäss of

Gotland that this genus attained a considerable development in no less than 39 species

and varieties of changing aspect and ornamentation. These species may most con-

veniently be subdivided in groups, according to their agreement as to the chief cha-

racteristic, the slit band, along with which feature several peculiarities follow in the

general form of the shell, its ornamentation, the position of the band on the whorls

etc. I propose then to range the Gotlandic species in the following groups taking the

form and ornamentation of the slit band as the principal ground of division.

I. MULTICARINAT.^. Slit band accompanied on each side by one or two lines,

crescents crossed by several longitudinal lines.

1. Pl. scutulata n.

2. Pl. gradata n.
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3. Pl. Liuimrssoni ii.

4. Pl. voluta 11.

5. Pl. claiistrata n.

6. Pl. glaiidiforiuis n

7. Pl. biformis.

8. Pl. latezonata.

9. Pl. Hindei n.

10. Pl. Helmi ri.

11. Pl. Wisbyensis.

II. ORISP-iE. Slit band with distantiated, sharpedged, regular crcscents and smooth

intcrstices. Shell ornamented by niany kuels.

12. Pl. Lloydii Sow.

13. Pl. doliuui n.

14. Pl. laqueata n.

15. Pl. tubulosa n.

III. FASTIGIAT.^. Slit band forming a blunt, elevated ridge, crescents flat, oblique,

densely packed; shell linely striated transversally.

16. Pl. robusta n.

17. Pl. la^vissima n.

18. Pl. elliptica His.

19. Pl. bicincta Hall.

20. Pl. qualteriata Schloth.

IV. SIMPLICES. Slit band narrovv, plain, with small, regular crescents, shell sur-

face simply, transversally striated.

21. Pl. valida n.

22. Pl. Othemensis n.

23. Pl. comata n.

24. Pl. asquilatera Wahlenberg.

V. INOISJE. Slit band with large, lameliar crescents which are divided in their

luiddle. Shell richly ornamented.

25. Pl. labrosa Hall.

26. Pl. limata noin. nov.

VI. ALAT^. Slit band forming a large, thinedged keel all around the shell, both the

bordering lines of the slit band being widened and having developed into thin

lamellaä, which have coalesced with their edges enclosing the crescents of growth.

27. Pl. replicata n.

28. Pl. alata Wahlenberg.

29. Pl. alata, var. subcarinata n.

30. Pl. alata, var. opposita n.
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31. Pl. praatexta n.

32. Pl. togata n.

33. Pl. frenata n.

34. Pl. undulans n.

35. Pl. Marklin! n.

36. Pl. cirrhosa n.

VII. PLANORBIFORMES. Shell discoid, slit band sitiiated on the apical side near

the suture, narrow, much variable to its sculpture. Schizostoma Bronn p. p.

37. Pl. planorbis His.

38. Pl. helicina n.

VIII. NATIOOIDE.,E. Shell globose, slit band larger than in any other division, at a

level with the other surface, ornamentation of the shell of microscopic, oblique

lines, also crossing the slit band. Only one species known.

39. Pl. exquisita n.

Divisio I. MULTIGARINAT^.

1. Pleurotomaria scutulata n.

Pl. VII, figs. 23—25, 28, 29, .30.

Shell conical, turbinated, whorls eight and a half, globose or rounded, separated

from each other through a deep suture, spire acnminate. Slit band situated exactly on

the rniddle line of the free body whorl and close to the suture on the superior, visible

part of the other whorls. It is narrow, soraewhat concave and with dense, regularl)'

curved crescents and one or two faint longitudinal lines crossing thern. The enclosing

lines are sharpedged. The slit band is on both sides environed by a belt of different

ornamentation than the other surface and this belt is enclosed by one prominent line

on each side. Within this area tliere are fine longitudinal and transverse lines cros-

sing and above the uppermost line there is also a broad space equally ornamented. This

median belt with its central slit band projects as a ridge all around the shell (fig. 25).

On each side of the belt there is a longitudinal slight concavity. The ornamentation

of the other surface consists of fine cross lines of equal size, forming nodules where

they meet and enclosing small squares and rhombs. The aperture is large and nearly

ovate. The columellar lip is reflexed and bent a little round the umbilicus, which is

large and funnelshaped.

Height 20 millim., breadth 17 millim. Aperture 11 millim. in height, breadth 9

millira. Apical angle 80°.

This elegant shell occurs in the limestone of Samsugn in Othem, at Stor VVede

in Follingbo and at Kyrkberget in Wisby. There is some variability in its shape, with

more slender spire (angle 55°) from Follingbo or quite the reverse, 85°, depressed, as

those from Samsugn.
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2. Pleurotomaria gradata n.

Pl. VII figs. 26—27.

Shell conical, trochiforra, spire blunt, broad, whorls eight with regularly straight,

sloping sides of faint coiivexitj', abruptedly bent aloiig the superior siiture through

the vertical and almost even zone around the slit band. This band is central on the body

whorl and remarkable as being one of the narrowest amongst all the Silurian Pleuro-

tomaria; and perhaps amongst all known. It is reduced to a narrow fissure, a mere frac-

tion of a millimetre and thin as a knife edge. It continues open a long way round

the body whorl and the next, and then at last is filled np. Biit owing to its narrow-

ness it is impossible to discern any crescents on it. Like the related, preceding one,

the slit band is enclosed within a separate zone, differently ornamented from the other

surface and bordered by a narrow line on each side. In this median field there are

only transverse lines crossed by a few, obscurc, longitudinal ones. On some distance

a blunt ridge is running on each side. The ornamentation of the whorls consists of

somewhat distantiated, transverse lines, connected by raore narrow spiral ones and

parallel to the slit band; in the interstices microscopically minute transverse lines are seen.

The belt around the slit band does not form any prominent ridge as in the former

species, but rather a somewhat concave or straight facet on the whorl. The suture is

shallow. The aperture is rather more broad than high, its columellar lip is strongly

reflexed around the open umbilicus.

Height 22 millim., breadth 20 millim. Apical angle 69°. Anöther specimen has

24 millim. in height and 23 mill. in breadth. Found in numerous specimens in the

limestone of Sandarfve kulle and also in the gray limestone of Linde kulle.

Oehleut has described a Pl. Virensis from the Lower Devonian of France, and

this comes near to our species through its ornamentation and the slit band, though

its spire is lower.

3. Pleurotomaria Linnarssoni n.

Pl. XX fig. 21—24.

Shell small, discoid, spire moderately prominent, whorls six, incrcasing in size

slowly and proportionatcly. They are adorned with a delicate network, on the apical

side consisting of intercrossing strite of which the transverse ones are directed back-

wards in an aciite angle ao;ainst the slit band. At the intercrossino' of these lines

small nodules are formed giving the surface a prickly appearance, with small pits in

the interstices. The slit band is placed below a narrow keel which divides the shell

exactly in two halves. It is exceedingly narrow and accompanied on both sides by

longitudinal lines, which are more prominent than the others. On the umbilical side

the whorls are more ventricose than on the opposite and also similarly ornamented.

The aperture is circular and the umbilicus is large and open. H. 4 mill., br. 8 mill.
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A dozen specimens have been found in the red limestone of Saridarfve kulle

and a few also in Linde klint. Throiigh its ornamentation and its slit band it is nearcst

allied to Pl. oradata from the satne localities.

4. Pleurotomaria voluta n.

Pl. XIX (ig. 25—29.

Shell discoid, tumid, with slightly prominent spire. Whoi'ls eight, of regular

increase. The shell is on both the apical and umbilical side decorated with sharp,

sigmoid transverse lines curved towards the aperture near the suture and backvvards

near the slit band. They are crossed by finer, longitudinal lines, forraing minute tn-

bercles where they meet. The section of the whorls is nearly ovate, high, arched

above, flattened below. The belt of the slit band is situated much beneath the raiddle

line of the body Avhorl and divides the flattened surface of the shell from the more

tumid. It is relatively large and is crossed by some longitudinal lines. The slit band

itself cannot be discerned through the bad preservation of exactly this part.

Through its general form and as far as can be judged in the conformation of

the zone of the slit band this species comes near to the preceding, from which it,

however, is sufficiently, distinct by its greater tumidity, its ornamentation and wider

umbilicus. Height 4 raill., br. 11 raill., diameter of umbilicus 6 niill.

Two specimens have been found in the red and gray limestone beds of Sand-

arfve kulle.

5. Pleurotomaria claustrata n.

Pl. VII f. 31—.36.

Shell conical, trochoid, whorls seven or eight, gently convex, forraing an acute

angle at the oblique slit band, which is placed sornewhat above the median line of the

whorls. Its surface is almost flat, sloping inward, towards the columellar axis of the

shell, larger than in any other species of its group, bordered by two outstanding la-

meliar edges, as seen in sections, fig. 32 and .36. The crescents are large, distantiated

and intersected by at least ten longitudinal lines. On the surface of the shell there

are fine, transverse, backwards directed strife, with interstices nearly five times as large

as them, and partitioned off by small strife, distantiated, parallel with the slit band,

causing a likeness with a ladder, as they are enclosed within their interstices and not

connected with each other in continuous longitudinal lines. If seen with a lens they,

at least in some parts of the shell, continue uninterrupted över the transverse lines,

fig. 35. The aperture is transverse, the columellar lip reflexed around the narrow,

but open and funnel shaped umbilicus.

Height 15 millim., br. 18 raillim. Apical angle 85°. Specimens have been found

at Likkershamn, Samsugn, Follingbo, Kyrkbei'get in Wisby and Snäckgärdet near that town.

K. Vot. Akad. Ilanill. Rand 13. N:o <i. 13
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6. Pleurotomaria glandiformis n.

Pl. VII fig. 37—38.

Shell elongatedly conical, turbinated, with seven convex whorls. The slit band

is placed a little above the middle line of the body whorl, relatively raore riarrow than

in the preceding species or nearly half that size. In the other whorls it is situated a

little below the superior siiture. The bordering lines are not so prominent as in the

preceding. The crescents are nearly alike, distantiated, regular, crossed by two or three

longitudinal lines. The surface on both sides of the band has a regular, cancellated or-

narnentation by equal sized lines, which at their crossing point form a little, elevated

nodule. Suture deep. Aperture elongate, higher than broad, umbilicus narrow, but

open.

Height 19 mill., breadth 15 mill. Aperture in height 8 mill., br. 7 millim. Api-

cal angle 56°.

It has been found in many specimens in the red limestone of Sandarfve kulle,

a few in the gray limestone and also in the neighbouring Linde klint.

This species is very nearly related to the preceding one, having the slit band

formed on almost the same type, but it differs through the ornamentation'of the sur-

face where small nodules are formed at the crossing point, as well as in the shape of

the shell and the whorls, which are angular in the former and evenly rounded in this

species.

7. Pleurotomaria Ibiformis n.

Pl. VII fig. 39—42.

Shell broadly conical, turbinated, with seven tumid whorls, four times as broad as

high and having the slit band a little below the middle line of the bod)' whorl and

midway between the upper suture and the median, transverse line of the other whorls. It is

much concave, forming a shallow groove around the shell, with sharp, elevated borders

on both sides. The crescents are fine, narrow, densely packed, more curved than in

the others and crossed by numerous, equally fine, longitudinal streaks. As seen by the

fig. 42 the ornaraentation is widely dissimilar above and beneath the slit band, being

imbricate and crossbarred above, and with two different sets of strite below: one con-

sisting of coarse, irregular and distantiated transverse wrinkles, in their direction corres-

ponding with those above the band, though meeting the slit band in a more acute

angle, the other crossing these obliquely, nearly parallel with the slit band. They are

microscopically minute and remind of those which cover the whole shell of Pleurot.

exquisita. There is besides on the whorls an obtuse ridge beneath the slit band, parallel

with it and close above the suture the whorl ends in a somewhat nodular ridge or

string. The aperture is nearly circular. The umbilicus is narrow and open, on its distal

sidc enclosed by a low ridge, which emanates from the back of the columellar lip, on

its proxiraal side it is hemmed in by the basis of this lip, which is enlargened as a

broad lamella and nearly hides the umbilicus, when seen from above.
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Height 23 millim., br. 20 millim. The aperture has iu beight 13 luillim., in

breadth 10 mill. Apical angle G9°. A speciineii froin Wisby is 29 millim. high aucl

at largest 25 mill. Apical angle 71°.

Tliis species lias been found in six specimens in the shale at Djupvik in Eksta

and in fifteen specimens in the same shale bed near Wisby; from the låter locality

nuclei mostly have been collected. A single specimen from the middle limestone stra-

tum near Wisby belongs probably also to this species, as well as two badly preserved

specimens from Kålens Qvarn, north of Wisby.

8. Pleurotomaria latezonata n. ')

Pl. X tig. 1.

Shell conical, turbinated, with five tumid whorls and fragments of the sixth or the

body whorl. Slit band situated on the middle of the free vvhorl or near the superior

suture in the lower ones. In its ornamentation it resembles much that of the prece-

ding species, but it is not so much concave or scooped out, the crescents are not so

much curved, rather thicker or coarser. The ornamentation below this band consists

in crossbarred stria3, with a few larger, longitudinal ribs. The suture is deep. The

shape of the aperture and the umbilicus cannot be ascertained as the shell is broken

in those parts.

Height 7 millim., breadth 6 millim. Apical angle 77°. Only one specimen has

been found in the middle limestone of Wisby (b).

It comes near to the preceding species through its slit band, but the shape and

ornamentation of the whorls differ, being in this species thrice as broad as high and

in the former nearly four times as broad as high.

9. Pleurotomaria Hindei n.

Pl. XIX f. 15—16.

Shell turbinated with seven tumid, transverse whorls, of which Ihe body whorl is

more than double the size of the others and nearly double as broad as high. The slit

band, which is situated a little below the median line of the body whorl and near the

upper suture in the other whorls, is broad, with thick, projecting margins and covered

with regularly curved crescents of groAvth. There are some faint traces of longitudinal

lines Crossing them. The surface below the slit band is evenly rounded, nearly flatte-

ned out. There are minute, longitudinal, as well as transverse strias of equal size

forming regular squares and at their meeting point there seems. to have been a small

gibbosity, causing a prickly surface. The umbilical surface is corroded, but, as discer-

nible on some patches, has had the same sculpture. The aperture is nearly circular,

the outer lip thin, the inner one reflexed as to form a little tube along the narrow

umbilicus and broadly enlarged at its basis. H. 15 mill., br. 13 mill.

') I was not aware that a Pleurot. latifasciata Mac Coy already existed, wlien I had uamed this species

Pl. latefasciata on page 18.
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A siugle spcciineii fouiid in thc limestone at Saiiisugn in Otheni. The form of

the slit band and thé scnlpture of tlie sui-face unite it with the »Multicarinatiu» and

especially with Pl. scutulata from which it is distinguished thi"ough the different slit

band.

10. Pleurotomaria Holmi n.

Pl. XIX fig. 18—20.

Shell conical, tnrbinated with sevun ventricose whorls, body whorl of the same

size as the others taken together, all nearly thrice as broad as high. The slit band

is situated a little below the median line of the body whorl and exactly on the me-
dian line of the otiier whorls. It is large, projecting, with convex surface. As far as

can be made out on the much corroded band, the erescents are regular and distan-

tiated. The ornamentation on both sides consists in thin, exert, transverse and longi-

tudinal lines, closely set, forming a dense network with indistinet nodules at the Cros-

sing point. The transverse lines have a sigmoid direction and are regularly curved

backwards close to the slit band. Below the slit band there is a sharpedged ridge

near the suture and above that band a slight bulging out of the surface as a callosity

is seen in some speciraens. The aperture is circular, and the umbilicus is narrow. H. 15

mill., br. 12 mill.

A few specimens have been found in the middle limestone near Wisby. From
the limestone at Slite a small shell (Pl. XIX f. 17) has been obtained nearly resemb-

ling the former as to its shape and the prominent slit band. This is, however, placed

exactly on the median line of the body whorl and the ornamentation seems to consist

only of transverse stria3. H. 5 milh, br. 5 mill.

11. Pleurotomaria Wisbyensis n.

Pl. XVIII fig. 50—51.

Shell rather depressedly conical, tnrbinated, with six ventricose whorls separated

by a shallow suture, the apex obtuse and spire short of five whorls, together smaller

than the body whorl. The slit band is placed somewhat above the middle line of the

body whorl and is hidden from view in the smaller whorls. It is prominent and con-

vex as to its surface. The ornamentation below the slit band is of the common reti-

culate crossbar pattern, the longitudinal lines being stronger than the transverse ones.

The same sort of sculpture seems to have occupied the umbilical surface, but is mostly

effaced. The aperture is circular with thin lips. The umbilicus is deep and wide, and

defined through a sharp, abrupt edge. H. 10 mill. br. 10 mm. Largest speciraen from

Samsugn has h. 15 mm., br. 13 mm.
Four specimens have been found in the superior limestone on Kyrkberget in

Wisby and one in the quarries of Samsugn in Othem. It is only in consequence of

it is 1'eticulate sculpture this shell has been placed with the Multicarinata;, and its posi-

tion must be afffirmed through the iind of more complete specimens.
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Divisio II. ORISP^.

12. Pleurotomaria Lloydii Soweeby.

Pl. VII fig. 43—49, pl. VIII lig. 1.

Plewolomaria Lloydii 1839 Sow. in Sil. Syst. II, 619, pl. 8 f. 14.

1843 Morris Catal. Brit. Foss. 1 Ed., 158.

Murchisonia Lloydii 1841 Akcuiac & Verneuil Bull. Soc. Geol., 160.

1848 Bronn Nomenclator, 748.

1850 D'Okbignv Piodrome I, 31.

1854 Morris Catiil., 259.

1855 Mac Coy Palajozoic Fossils, 293.

1867 Salteu Silm-ia, 532.

Shell turbinated, whorls six or seven, veutricose. The slit band is situated exactly

on the middle line of the body whorl and a little below the upper suture of the other

whorls. It is broad, elevated, witli an even surface and, as far as can be made out

from the not quite complete specimens, covered with distantiated crescents and smooth

interspaces. Above the slit band there are some twelve longitudinal ridges of equal

size and parallel to them smaller, threadfine lines, both crossed by fine, distantiated

transverse lines. Bencath the slit band the longitudinal ridges are not so numerous,

four at the highest and much unequal. Near the suture the transverse lines are thicker

than higher up. The apex of the shell has been filled up with solid, calcareous matter

and the lowest whorl of the nucleus ends consequently in a blunt point. The aper-

ture is large and obliquely ovate (Pl. VII f. 43). The umbilicus is narrow and open.

Widely spread as this shell is, it seems to be much variable and there are many
Gotland specimens, which only hesitatingly and provisionally can be refered to Pl.

Lloydii, as the English species according to the figure given by Sowerby is more elon-

gated and the whorls by far not so ventricose as in the former. Mac Coy 1. c. also

says that he has not seen specimens of the same length as in Sowerby's figure. His

descriptions nearly agree with the Swedish specimens.

The variety from the shale beds near Wisby (Pl. VII figs 46—49) has still more

ventricose whorls and the parts around the slit band not so much angularly prominent

as in those from the other localities and it may rank as a well distinct variety.

Next, there is a depressed, short form, chiefly found as nuclei with indistinct

impi-essions of sculpture and with the body whorl nearly elliptical in a longitudinal

section. A few specimens of this, concerning which it for the present cannot be de-

cided, whether it is a variety or an independent species, has been found at Wester-

garn, in Östergarn at Gannviken and Grogarn, and in Ardre. Its dimensions are:height

32 millim., breadth 31 mm. apical angle 87°.

The typical specimens of Pl. Lloydii attain a height of 49 millim., breadth of

34 mill., apical angle 56 °.

It has chiefly been found in the shale beds at Wisby, Follingbo, Westergarn,

Djupvik in Eksta, Habblingbo, Alfva saw mill, Qvinnegårda in Hafdhem, the canal from
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Wisne myr in Fardlieni, Otitergarn, Stor Myr in Rute, but also in the limestone beds

of Fårö, Medebys in Hall, Wisby Kyrkberg, Djupvik in Kräklinybo. It very sulduni is

found but in nuclei. In sonie instunces thc interiör nacreous coating is retained as in

specinicns from Ostergarn.

1'1. percarinata Hall Pal. N. Y. Vol. I p. 177 pl. 38 iig. 4 resemblus somewhat
tliis species.

13. Pleurotomaria dolium n.

ri. IX fig. 1—3.

Shell turbiiiated, rotundate, Avitli the body whorl inuch in excess of the other

three whorls. Slit band situated a little below the middle line of the body whorl,

large, scooped out as to form a regular groove around the shell with somewhat out-

standing borders. The crescents are regular, wide apart, with prominent lameilar edge

and smooth interstices. The ornamentation above the band consists in two or three

obtuse longitudinal ridges, a little nodular where they are crossed by the iine trans-

verse lines, which are obliquely lameliar near the slit band. Beneath this band there

is only a single sharpedged ridge, halfway between the band and the suture, and

oblique, closely set, narrow, transverse liues. Suture very shallow. The aperture is

nearly circular, no umbilicus can be discerned.

Height 6 millim., breadth 5 millim., body whorl nearly 4 millim. in length.

Apical angle 77 °.

Only one specimen has been found in the sandstone of Bursvik. It coraes near

to the smaller specimens of Pl. Lloydii (Pl. VII fig. 43, 44) but is easily distinguished

through its broad slit band, its want of umbilicus and the form of the whorls.

14. Pleurotomaria laqueata n.

Pl. IX fig. 4—6.

Shell turbinated, whorls tive, ventricose. The slit band more than a millimeter

in breadth, convex, is situated a little beneath the median line of the whorls, orna-

mented with laminated or, as it were, imbricated crescents. It is bordered by two

sharp edged lines, one on each side, and with jagged outside. On each side of this

band there is a varying number of parallel, elevated, longitudinal ridges. In one

specimen there is only one beneath the band and one above. In another specimen

there are three ridges above the slit band and one below. All these ridges are cros-

sed by transverse, lameilar striaj with thin, elevated edges and directed obliquely

against the slit band, which they do not cross. Suture shallow. The aperture is oval

with the columellar lip thick, reflexed, without any umbilicus.

There is some variation as to the distance and number of the transverse stria3,

which lie imbricated with lameilar edges and through their varying position giving

the surface a more or less line striation.
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Height 25 inillim., width of body whorl 17 inilliin. Height of aperture 12 tnilliin.

Widt.li of body whorl in a fragiiientary specimen 23 inillim.

A few specimens have been found in the iipperraost limestone of Klinteberg,

Fröjel and Wisby (b. c).

15. Pleurotomaria tubulosa n.

Pl. IX fig. 7—10.

Shell turbinated, with ventricose whorls, of which only the body whorl and part

of the next are left, in the only specimen, which has been found. The slit band is

placed somewhat beneath the median line of the body whorl, relatively narrow, pro-

minent and much convex, the crescents much more distantiated than in any one of

the other Silurian Pleurotomarias and continue backwards as a narrow tube, which is

overlapped by the next crescent, the whole thus forming a tube in tube system. The

band is bordered by low lines and these and the direction of the strite against it

distinguish it from the nearly alike keels above and below. There are three narrow

and prominent keels above the slit band and one beneath the same. When crossing

them the transverse, ornamental lines are lifted upwards and obliquely backwards,

more strongly in some of them, than in others. These stronger transverse lines of

growth are in a peculiar manner accompanied by smaller ones in the interspaces be-

tween the keels, diverging in an acute angle from their side or in gentle curves

forming with them an ovale, as is shown in the details of figures 9 and 10. These

lamellate, transverse lines continue also across the suture, which is shallow, and they

are thus connected with the lamellas of the adjoining whorl. The surface between

these large ridges is finely, transversally striated. On the umbilical surface the coarser

stria^ interlace and form a sort of network, with large meshes. There is no open um-
bilicus, and the aperture seeras to have been obovate. Height 2fi millim. breadth 25 mill.

Only one specimen from Hammarudd in Kräklingbo.

Divisio III. FASTIGIAT^.

16. Pleurotomaria robusta n.

Pl. VIII, fig. 2—7.

Shell globular, consistiug of six highly ventricose whorls, gradually ascending in

an angle approaching more or less to a right angle, 82—90 °. Surface nearly smooth

or with very fine, transverse stria; grouped in larger bands. Slit band nearlj^ on the

middle line of the bodj^ whorl and near the upper suture in the other whorls. It is

enclosed within two fine, neatly defined lines. A little below its median line it has

an obtuse ridge, thus nearer to the inferior horder, and the band consequently standing

out from the surface in an angle, the sides of which are a little concave. The cre-
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scents are thickly set, oblique, with theii' largest bend coinciding with the median ridge.

Above the slit band soine faint longitudinal strite are seen, intersected by distantiated,

transverse ones. Beneath the band there runs an angular keel. The surface is for

the rest almost glossy and shining. The suture is deep. The aperture is large, trans-

verse, the columellar lip is thick, strongly reflexed and nearly hiding the opening of

the umbilicus, which continues in an oblique direction inwards.

The specimens are generally much worn or obscured by corrosion and by for-

eign bodies, which have grown on the surface and it is consequently difficult to get

a clear idea of its appearance. On the nucleus the impression of the slit band forms

an angular, projecting keel. Height 55 millim., breadth at the base 55 millim., aper-

ture 30 mill.

Several specimens have been obtained from the shale beds of Djupvik in Eksta,

and Petesvik in Habblingbo.

17. Pleurotomaria robusta var. laevissima n.

Pl. VIII %. 8—9.

Shell globular, with six whorls, slit band placed exactly on the middle of the

whorl, ornamented with the most delicate crescents and moreover with a narrow

ridffe more median than in the former. The band is for the rest, not so much

angularly elevated, rather square cut, as seen in the section. The surface on both

sides of the band is smooth and glossy, with only few obscure spiral bands and with

scarcely perceptible, transverse sinuous strioj. The suture is shallow. The aperture

is circular, the interiör lip thin, reflexed around the timbilicus which is narrow and

open. Height 17 millim., breadth 19 millim., height of aperture 11 millim.

Found in the shale of Djupvik in Eksta.

Trochus ellipticus

Turbo aiiticjnissmus

Turbo ellipticus

Pleurotomaria elliptica

Pleurotomaria nntiquissim a

Pleurotomaria subconica

Flemingia elliptica

18. Pleurotomaria elliptica His.

Pl. VIII fig. 10—14.

1829. HrsiNGER Tabl. ed. 1, 11.

18.31. II). Anteokn. V, ii, tab. 2 fig. 2, 2, 2,

1831. Id. Tabl. ed. 2, 9.

1837. Id. Leth. 35, tab. 11 fig. 1 a— b.

1841. Id. Förteckning öfver en geognostisk ocli petrifikatsaraling från Sverige

och Norrige, 61.

1843. Portlock Geol. Rep. Londonderry, 414, pl. 31 f. 1, very doubtful.

1848. Bronn Nomenclator, 1300.

1840. EiciiWALD Sil. Schichtensyst. Estlands, 119.

1842. Id. Urwelt Russlands, 2, .53, tab. 2 f. 7.

1846. In. Bullet. Moscou, XIX, 104.

1858. Fbiede. Schmidt Siltirform. Estlilands, 203.

1867. TÖRNQUIST Lagevföljden i Dalarnes Undersiluriska bildningar, 19.

1876. Ferd. Roemer Leth. geogn. 4 Ed. Atlas, 1 Thl. pl. 5, f. 3.

1880. Angelin & Lindström Fragraenta sihirica, 13, tab, XV, fig. 8.

1860. EicHWALD Leth. Rossica I, ii, 1168, pl. 42 f. 17 a b.

1865. Kjerulf (nec Hall) Veiviser 7, fig. 15.

1882. De Koninck Faune II, pt. 3, 94.
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Shell largely conical, trochiform, with ten gently convex whorls, angular at the

shallow suture where the slit band is placed in the older whorls, being median in the

free body whorl. It is comparatively large, with a longitudinal ridge above the middle

line, not far from the superior börder. This, however, as raay be gathered from the

figures 10, 12, 14, varies, the ridge being nearest the central line in specimen fig. 14,

which is from the Lower Silurian of Öland at Lerkaka, and more prominent than in

any ene of the others. In specimen figure 10, the ridge of the slit band is placed

nearer to the superior börder than in the others and is only very little prominent.

The crescents are consequently more or less oblique, as their greatest curve coincides

with this ridge. They are densely set, line, thicker at the ridge and thinning out

towards the borders. The surface on both sides of the ridge is a little Scooped out,

as seen in the profiles delineated. This median ridge does not, however, continue all

the way round, but ceases in the vicinity of the aperture, as seen in fig. 10, upper

detail, where the large slit band is only obscurely heramed in by bordering lines and

covered with regularly curved crescents. The slit is angular, tongue shaped with evenly

curved sides. On the nucleus the slit band has made an impression as a shallow

groove. The thin shell which seldom is preserved entire, is covered by fine strite,

which meet the slit band as usual in a highly acute angle. At their basis, near the

suture they are more apart and form band like plaits. The aperture is transverse,

with the exteriör lip thin and sharp and the interiör lip regularly reflexed, but not

so much as to hide the narrow and open umbilicus. Length 30 millim., breadth at

the basis 26 raill., apical angle 71 °.

Only two specimens have been found in Gotland; one, fig. 10, in a detached

• block from the Norderstrand near Wisby, the other, fig. 12, from Ostergarn. As to the

derivation of the former, it is questionable whether it really has been included in a

Gotland rock and rather not has been found in an erratic block, of which some, spread

över Gotland, coutain Lower Silurian fossils. The specimen from Ostergarn seems

indeed, to judge from the rock, to have been found in the Upper Silurian strata of

that locality.

There cannot be any doubt that this spccies is the same as that so naraed by

HisiNGER. The original specimens of this author are contained in his own collection,

now in the Palasontological Department of the Swedish State Museum and consist of

two badly preserved nuclei from Dalecarlia, without any traces left of the shell. One of

them, a little compressed from the sides, is the original specimen to his figures in

»Anteckningar» pt. 5, two af which have been copied in the »Lethasa Suecica». Låter,

several complete specimens have been found in strata of Oland, contemporaneous

with the former. As can be seen on the plate VIII to this work, fig. 14, the Öland

specimen has only trifling deviations in the character of the slit band, such as only

can be expected in a species of so wide a gcological range. There exists then, as I

suppose, no necessity to subdivide this species into new ones, as some låter authors

seein inclined to do by always citing »Plenr. elliptica His. sp.» There may at the

utmost be mutations. The oldest known mutation is from the Upper Gray Orthocera-

K. Sv. Vct.-Akad. Haudl. Bd. 19. N:o 6. 14
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tite limestone of Dalecarlia and Oland. It has almost the same general form as tho

Gotlandie one, the ornamentation is quite the same, the slit band is different by the

longitudinal ridge, thougli still abovc the median line of the band, being placed nearcr

to it than in any other of the låter mutations, where it is placed higher. In the speci-

men from Wisby (fig. 10) the ridge is placed at the highe.st and in the next from

Ostergarii it is midway between the position in the two former. There are, of course,

in this, as in almost all other species of shells individual variations as to the greater

or smaller convexity of the whorls, the size of the apical angle, of very little im-

portance as to the specific distinction. Thus I think that Pl. subconica Kjerulf may
without hesitation be placed in this species. It is not at all identical with Pl. sub-

conica Hall, as this author expressly states, that it is »cancellated», whereas the

Norwegian shell only is transversally striated. Murchisonia Hercyniaa Billings, PaUtoz.

Foss. Canada p. 158 f. 141, comes also near to Pl. elliptica, but is more elongated,

with more acute apical angle, and may possibly be only a variety of this. Pl. elliptica

Goldfuss Petrif. Germ. p. 50, pl. 178 fig. 4, is not at all related to our species. It is

a sinistral and longitudinally carinated, Devonian species, only found as nucleus. De
KoNiNCK led by the general, exteriör shape thinks, in his Faune Carbonif. de Belgique

II pt. 3, p. 94 that »Trochus ellipticus Hlsinger» ought »probablement» to be placed

in his genus Flemingia, but this cannot be so, since the slit band has been demon-

strated in this species.

In some specimens, as that from Wisby and that figured by Ferd. Roemer from

the Lower Silurian, there is the peculiarity, that the impression of the slit band on

the nucleus is a shallow groove, while it in all other specimens is a distinct keel or

at least not so much grooved. The geological range of this species in Sweden is then,.

according to the statements, given above, from the Upper Gray Orthoceratite limestone

included, through the Chasmops limestone into the Upper Silurian shale beds of

Gotland.

19. Pleurotomaria bicincta Hall.

Pl. VIII fig. 15-25.

? Pleurotomaria nngulata 1838 Sow. in Sil. S\'st., 641 pl. 21 f. 20 (not identical with Pl. angulata Mac C'oy

Sil. Foss. Ireiand, 16, pl. I f. 17).

Murchisonia bicincia ') 1847 Hall Pal. N. York vol. I, 177 pl. 38 fig. 5 a—h.

1850 Salter Geol. Survey of Canada, Organic Rem., Dec. I, 19, pl. IV f. 5—6.
Turbo sp. »probably new» 1851 Salteii Qu. Journ. Geol. Soc. vol. VIII, 178, pl. IX f. 15.

Pleurotomaria sp. 1858 Fe. Schmidt Estland, 202.

? Pleurotomaria latifasciata 1862 Mac Coy Synops. Silur. Foss. of Ireiand, 15, tab. I f. 16.

Trochonema(Eunema)fatua 1868 Hall 20:tli Rep. N. York State Cab., 345, pl. 15 f. 7—8. Revised. Ed. 394, tab.

15, fig. 7—8.
Trochonema rectilatera 1872 Hall & Whitfield 24:tli Rep. N. York State Cab., 193, figured in the 27:th

Rept. pl. 13 f. 4—5.

Shell conical, turbinated with five or six whorls. Each whorl is moderately con-

vex and shows, when free, three different faces, the inferior one, sloping against the

') Murchisonia bicincta ? Meek & VVouthen Geol. Illinois vol. III, 317 pl. 3 f. 4 is too obscure to be

with any certainty regarded as this species.
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central axis, is uear the suture swelling in a, iiarrow obtuse ridge, the median face

is parallel to the axis of the shell, and the superior one is inoderately convex sloping

outwards. The median face is coniined within the characteristic two longitudinal rid-

ges, which are more or less prominent in the different specimens. Of these ridges

the largest or second one from above is the slit band, as may be learned through a

closer inspection and by the direction of the ornamental stria; of the surface on each

side of it. As seen in the figures, especially in fig. 23, it is distinctly separated from

the other surface by bordering lines. It is formed on the same plan as in the pre-

ceding species, of oblique, dense crescents, the obliquity of which is influenced by the

position of the longitudinal ridge. This ridge varies as to its position more than in

any other species of this division, being placed in the middle of the band (fig. 19, 21)

or near the superior börder (iig. 22) or quite on the contrary near the inferior börder

(fig. 23). Its variations as to the size may also be perceived from inspection of such

extremes as figs. 19 and 22.

The surface is densely covered by transverse, fine, elevated stria^, which are

directed backwards from the suture in an elegant curve. Above the slit band they

continue nearly vertically and again above the uppermost ridge curve backwards.

There is some variation as to their fineness and proxiraity, of which figures are given.

From Gothemshammar there is a peculiar variety (figs. 24—25) agreeing in all par-

ticulars with the described specimen, but being provided with a ridge beneath the slit

band, midway between this and the suture. The aperture is elongated, nearly twice

as long.as broad, the exteriör lip angular, thin and sharp, the inner lip reflexed in a

large, smooth fold, which is often scooped out longitudinally and entirely covers the

umbilicus.

The nucleus is strangely globose in the older whorls, only angular in the body

whorl, and a thin covering of a nacreous stratum is left behind on it.

Dimensions. Largest specimen 65 millim. in height, 35 mill. in breadth, apical

angle 62 °. Height. Breadth. Apical angle.

Specim. fig. 15 45 mm. 33 mm. 78 °.

— 18 45 » 39 » 87°.

— 24 10 » 6 » 62°.

By this and many other instances may be found how little reliance can be put on the

size of the apical angle as a specific character. This beautiful and characteristic shell

bas been found in several specimens in many localities of Gotland, in Fårö at Länsa,

at Slite in the shale beds and the superimposed limestone, Gothemshammar, Östergarn,

Ardre, Samsugn in Othem, Martebo, in the limestone of Wisby, at Stor Wede in Fol-

lingbo, Krokstäde in Tofta, Westergarn, Djupvik in Eksta and in a section between

Stjernarfve and Lefvede, on the shore of Kylley, in the canal near Atlingbo church.

This species has a geological range from the Lower Silurian strata of Borkholm

in Esthonia, through the Upper Silurian into the Upper Helderberg strata of the

Devonian group. Turbo bicingulata F. A. Roemer Pala?ontogr. vol. 3 pl. V fig. 20

from the Devonian of the Harz mountains is probably also identical. Its geographical

distribution is equally wide, as it besides Sweden occurs in N. America, Scotland,
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Ireland iuid Russia. It is consequently onu of the uiost characteristic Gastropods of

tlie Siluriau formation. That thefe sliould be a grcat amouiit of variation in a form

of such wide a liorizontal and vcrtical distribution is notbing more than could be

expected. As tlie ligiires show, there are elongated and short forms. The variety

from Estlionia, tig. 17, is the shortest and more coarsely striated, the body wliorl nearly

double the size as tlie others. Its height is 28 millim., its breadth 30 mm. The spe-

cimens from the limestone of Slite, ligs. 18, 19, are also short and broad reminding

of the Devonian form whieh Hall and Whitfield have called Trochonema rectilatera.

20. Pleurotomaria qualteriata Schlotheim.

Pl. XIII liff. 15—16.

Helicites qualteriatus

Solarium .^ pelropolitanum

Euompluiltts qualteriatus

1820.

1822.

1830.

1834.

1835.

1840.

1844.

1845.

1848.

1858.

1865.

1867.

1869.

1880.

1843.

1848.

1854.

1860.

StraparoUus qualteriamis 1850.

Straparollati pseudoqualteriatus 1850.

Rhaphistoma qualteriatum 1859.

?Ophilela Ottaivensis 1860.

Pleurotumaria lenticularis

Euomphalus giialteriatus

150, tab. I f. 3 a—3 b, tab.

ScHLOTii. Petref. Kunde, 103.

Id. Nafihträge, 61, tab. XI f. 3 a— c.

Pander Beiträge zur Geogn. Riisslands,

28 f. 14.

GoLDFUss in Klöden, Versteiner. Mark Brandenburgs, 155.

Bronn Letli. Geogn. l:e AiiH. Bd I, 94, Taf. II f. 1 a, b.

EicHWALU Schichtensyst. Estlands, 115.

GoLDFUSs Peti-efacta Gernaaniaj III, 81, tab. 189 f. 3.

Veuneuil Eussia, vol. 2, 333, tab. 23 f. 1 a— b, 2 a—b.

Salteii Memoirs Geol. Survey II, i, 356, pl. XIV C. 7.

Feiedk. Schmidt Geol. Estlands, 206.

Kjerule Veiviser, 7

TÖRNQDIST Lagerföljdeu i Dalarne, 19.

Karsten Versteineruugeu ... iu Sclilesv\dg iind Holstein. 43, tab. 14

fig. 9 a—b.

Angelin & Lindstuöm p. p. Fragmenta Silurica, 12, tab. XV f. 10, 11

(excl. fig. 12—14).
Conrad in Emmons Geol. N. York pt. II, 392— 393 f. 101,2 & 102.

Pl. lenticularis Hall Pal. N. Y. vol. I, 172 is quite different.

Bronn Nomencl., 480.

Ferd. Roemer Leth. geognostica ed. 3, I, i, 459, tab. 2, f. 1 a—b.

EiciiwALD p. p. Letlisea rossica I, ii, 114.

D'Orbigny Prodr. I, 6.

Id. Ibid. I, 30.

S.^LTER Oanad. Organic Eemains, Dec. I, 13.

Billings Canadian Naturalist, 166, fig. 9— 10.

Shell discoid with short, flat spire of tive and a half whorls. The apieal side

is gently convex or nearly flat and the sutures are very shallow. The whorls are on

the umbilical side more convex, inereasing in height and convexity near the umbilicus,

which is large and open.

The angle formed by the slit band is interposed between the umbilical and apieal

sides and is highly acute, of 30 °. Its limits are designated through the converging

threadfine ornamental lines of the surface which for the rest is smooth. The slit band

is at largest on the apieal side and there separated from the other surface through

no distinct bordering lines. The erescents are fine and indistinct.

As may be perceived from the dimensions given below, the Gotland mutation of

this species is more discoid than the older, which are relatively higher in their last whorl.
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The Gotland spccimens iire only nuclei and consequently the details uf the sur-

face have been taken from Lower Silurian specimens of nearly the same form.

In the oldest sliale beds near Wisby six speeimens or nuelci have been found in

sitn and thus there is certainty that they have not been transported. As may be seen

throiigh the dimensions given, they are more flat than those frum the Lower Silurian

strata. Largest diameter 43 millim., height 15 millim. Breadth of the largest whorl 16

millim., height of the same 11 mill., while in one of the Lower Silurian ones the

largest whorl near the aperture is 18 millim. in breadth and in height 13 mill. A spe-

eimen from Borkholm in Esthonia has the aperture of 18 mill. in height and 20 mill.

in breadth. Specimens whieh nearest resemble this are tirst met with in the upper-

most strata of the Lower Red Orthoceratite limestone from Källa in Öland. It then

occurs in numerous specimens in the Lower and Upper Gray Orthoceratite limestone of

Dalecarlia and Oland and also of other provinces, and returns again in the uppermost

limestone strata of the Lower Silurian. Coeval with this species there lived at least

one nearly allied species and two others which have been rather confounded with them.

The characters of all four are shortly given below, in order in some way to clear up

the distinctive features of these very common fossils.

1. Pleurot. qualteriata Schloth. 1820, with flat, horizontal or faintly convex apex,

slit band largest on the apical side, only discernible through the direction of the sculp-

tural lines.

As to the quaint name of this species it seems that Schlotiieim, when he com-

pares it with Helix gualteriaua, had intended to name it gualteriana or gualtcriata,

but that through soine error the g had been changed into a q. He, nevertheless, re-

tained the låter, without giving any clue to its derivation.

2. Pleurot. obvallata Wahlenberg 1818 (Petref. Svec. p. 73 tab. IV fig. 1—2)

with prominent apex of steplike whorls, slit band (pl. XIII hg. 18) large on the api-

cal side, narrow on the umbilical side, in its centre with densely packed crescents,

nearly resembling those of Pleur. bicincta. This species is more common than the

former and it has, in the same way, filled up the apex with solid calcareous matter.

It is found in the Lower and Upper Gray Orthoceratite Limestone of Öland and Dale-

carlia. Then there are two other species which belong to a quite different type, as

they have the slit band built upon the same plan as prevails in the Division of the Alataj.

1. Pleurot. marginata Eichwald. This forms the transition to the next ex-

treme species. It is large, with six ventricose, contiguous whorls, on the apical

side sunken in a Avide, open funnel, their inner face abruptedly sloping inwards. The

slit band on the inferior edge of the whorls is thin, lamellar, and winglike. The sur-

face is finely, transversally striated, on the umbilical side there are broad plaits. It

occurs in the Lower and Upper Gray Orthoceratite limestone of Öland. A variety,

with the youngest whorls uncoiled, belongs also to this species and occurs in the

youngest limestone beds of Öland. There are several diaphragins in the apex of this

shell. This species is related to the Canadian Ophileta as it has been described by

Salter in »Canad. Organ. Remains». Dec. 1 p. 16, through the slit band is more de-

veloped in Fl. marginata.



110 G. LINDSTKÖM, ON THE SILURIAN GA.STUOFODA AND rTEROrOIM OF GOTLAND.

4. Pleurot. sp. {—? Eccylioitiplialuw alatus Koemeu, ? Holicites ccntrifugus Wah-
LENBEKG, sec also Pl. XV, iig. 12—14 in »Fragmciita Silurica). This is u smaller specics

thuii the former, more uiieoiled and tending to complete scalarid formation. The in-

sidc of the vvhorls is not so steep as in Pl. niarginata and the funne) formed on the

apical side not so regular as in that. The sculpture is more distinct of eoarse trans-

verse lines and the slit band is more prominently alate or lamiriar thau in them. This

occurs ill the Lower Gray Urthoceratite limestone, in the Upper Red and Upper Gray

Orthoceratite limestone and also in the Chasmops limestone of Oland.

It is of such forms as this, that the genus Eccyliomphalus has beeu built up,

eommingled with others, as evohite Euomphali. To elucidate their distribution in

time the following table may serve.

Lowev Red
Orthoc.

Limestone.

Lowei- Gray
Orthoc.

Limestone.

Upper Rud
Orthoc.

Limestouc.

Upper Gray
Orthoc.

Limestone.

Chasmops
Limestone.

Youngest
Limestone
of Öland.

Lepta;na

Limestone

of

Dalecarlia.

Shale

of

Gotland.

* *

*

*

* *

*

* *

V

*

*

*

2 Pl. obvallata Wahl..

3 Pl. margiuatii Eichw

4 Pl. spJ)

Divisio IV. SIMPLICES,

21. Pleurotomaria Ivalida n.

Pl. IX fig. 11—13.

Shell elongate, turbinated, with seven or seven and a half whorls, whieh are ven-

trieose, the superior ones^forming an obtuse angle midway between the median line

of the whorl and ihe suture where the slit band is situated.

The whorl is almost flat beneath the slit band sloping suddenly inwards towards

the suture. There are only some slight traces left of the sculpture of this uncom-

monly thick shell, and it consists in transverse striaj. The slit band is very large,

nearly 4 mill. across, the height of the whorl being 27 mill. The aperture is oblong

and the columellar lip thick and reflexed, so as to hide the umbilicus of whieh there

is no trace, as the columella is solid. The shell seeras to have been niuch exposed and

weathered before it was enclosed in the limestone.

It has been found in a härd, crystalline limestone near Lillugn in a wood between

the parishes of Ardre and Älskog. Pl. infläta Mac Coy, Sil. Foss. of Ireland p. 15

pl. 1 f. 15, somewhat resembles this shell in form.

') Pl. replicata, nearly related ta this, is found in the Gotland shale.
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This is the large.st of the Gotlandic Pleurotoinaria', attaining a lengtli of \,m

decimeter and a widtli of 60 millim. The thickness of the shell nenr the urnhiliciis is

5 millitu. and in the body whorl of the largest specimen 6 ra. ra.

22. Pleurotomaria Otliemensis n.

Pl. IX fig. 14—16.

Shell elongate, tnrricuhite, with seven ventricose whorls, wliich form an obtuse

angle along their median line, where the slit band is situated. This band is relatively

large, with convex surface, covered with regular, distantiated crescents. It is heramed

in by two much projecting lamellte which grow out in converging direction. The or-

namentation is onlj' transverse, of lamella;, with a peculiar wavy or broadly indented

edge. The aperture is ovate, the outer lip thin, with the broad slit in the middle,

the inner lip a littlc more thickened, reflexed around the narrow urabilicus. H. 34

mill., br. 25 raill. Apical angle 63°. It has been found in several specimens in the

richly fossiliferous liraestone of Samsugn in Othem. It might at first have been taken

for a variety of the former. But its more narrow slit band, placed on the median line

of the whorls, which are more angular than in Pl. valida, and its peculiar ornamen-

tation sufRciently distinguish it as an independent species.

23. Pleurotomaria comata n.

Pl. IX fig. 18—19.

Shell regularly turbinated with seven ventricose whorls. Slit band placed on

the median line of the body whorl, high np near the suture on the lower whorls, con-

cave, with the bordering lines only slightly projecting, crescents inicroscopicallj' mi-

nute, crowded. The ornamentation of the surface consists in densely packed, nearly

straight, threadfine lines. Aperture ovate, umbilicus open, narrow. Length 9 millim-,

breadth 7 millim. Apical angle 64°.

Occurs in the shale of Djupvik, from where the State Museum at Stockholm has

obtained several specimens.

It is nearly related to the preceding, but differs through raore globose whorls,

the higher position of the slit band and the sculpture of that band, as well as that

of the surface.

24. Pleurotomaria sequilatera Wahlenberg.

Pl. IX fig. 20—29.

Helicites ccquilaterus 1818. Wahlenberg Petrif. Svec, 73').

1828. Hrsmo. Anteckn. IV, 2.37.

') The date of raost of the specifis publislied by Wahlenberg must be ehanged to 1818 instead of 1821,

as so often has been used. His memoir »Petrifieata Telluris Svecana» in the eighth volume of the »Aeta
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Delphinula mquilatera 1829. Hisingeu Tableau Ed. 1, 10,

1S31. 111. Tablciiu Ed. 2, 8.

1831. Id. Anteckn. 5, 113.

Eiiomphaliis cequilaterns 1837. II). Letlirea, 36, tali. XI F. 8.

1841. Id. Förteckning, 55.

Pleii.rotomaria m/päl.atera 1848. Bronn Nomonclator, 1012.

St.rnparollua cequilatcrus 1850. DOrbigny Prodr. I, 29.

Shell globular or disciform, with short spire of seven whorls, resembling those

of an Helix. The slit band is only a little below the middle of the body whorl, and

close to the suture, near the upper börder of the other whorls. It is narrow and open

for a long way from the aperture on the body whorl. Its surface is even and the

bordering lines are lamellar, projecting. No definite sculpture is discernible owing to

its considerable narrowness. The surface of the shell is sculptured with fine, recurved

transversal lines. The whorls are somewhat flattened below the slit band, ronnded on

the unibilical surface. The aperture is transversally oval, the umbilicus wide, and all

whorls visible. Diameter 45 millim., height 20 millim.

Occurs in the shale beds (a) at Wisby, in the limestone of Samsugn in Othem,

Stor Wede at Follingbo, Westuös in Hall, Kyrkberget of Wisby, Kålens Qvarn near

Wisby, the hill of Bara, Wialmsudd at Fårösund and also Fårö, Lutterhorn and Stor

Myr in Rute. The Mineralogical Cabinet of the Universitj^ of Upsala has a speciraen

collected by Professor P. T. Cleve in the limestone of Slite.

There exists a great variability in this shell, especially as to the width of the

umbilicus and the height of the spire as remarkable through the figures of the typical

specimen of Wahlenberg, which has been kindly lent from the Mineralogical Cabinet

of Upsala, with its low spire and flattened whorls to these globose shells delineated in

the figs. 26 and 27. Through the former, fig. 20— 22, there can be no doubt of what

Wahlenberg really meant by his species. But there is no reason with him and Hi-

singer to suppose that it also has been found in the Lower Silurian. I have not

seen a single specimen from that formation appertaining to this species. In Hisinger's

own collection there are specimens from Holmestrand in Norway, badly preserved, and

by him called Euomph. a3quilaterus. One specimen, the best, may possibly belong to

this species. In the same collection there are also specimens from Gotland called

Euomph. ajquilaterus. Thej^ are five, miich worn specimens of Oriostoma discors from

Kapellshamn and one specimen of Pleurotoraaria undulans. Eichwald, Leth. Rossica I,

II, 1170, adopts also this species, but the Identification is questionable, as well as that

of K.JERULF in Veiviser p. 24.

Sociotatis Uegioe Snientianini" was indeed printcd already in 1818, as Wahlenberg himself says in the

beginiiing of tlie »Additamenta» to tliat mcmoiv, page 293 of the same volume. The statement there

given is: »Postquam anno 1818 impressa fuerat Commentatio de Pctrificatis Svecanis" etc. The me-

raoir had also been early enoiigh distvibuted tiy its anthor to some geologists, as can be perceived by

what BiioNGNiAKT says in his »Crustarés fossiles" (1822) p. 2, viz.n . . M. Wahlenberg, ilont le tra-

vail . . . n'est venn a ma eonnaissance qu'en 1819». Rnt on the title page of volurae VIII, eontaining

the collected memoivs and papers, the year 1821 is printed, as it was not issued cotnplete before

that year.
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Divisio V. INCIS^.

25. Pleurotomaria lalbrosa J. Hall.

Pl. IX figs. 30—38.

Pleurot. labrosa 1859. J. Hali, Pal. N. York vol. III, 339, pl. 66 f. 1—5, pl. C7 f. 6.

Pleurot. balteata 1867. Lindström (not Phillips) Nomina foss. Gotl., 23.

Pleurot. labrosa var. occidens 1868. J. Hall 20:tli Rep. N. York St. Cab. l:st Ed. 343.

Pleurot. occidens 1868. Hall 20:th Rep. l:st Ed. 364, pl. 15 (6) fig. 11—12.
1868. Id. 20:th Rep. Revised Ed., 392, pl. XV f. 11—12, pl. XXV f. 9—10.
1875. Hall & Whitfield Geol. Survey of Ohio, vol. II, 142, pl. 8 f. 2.

1877. Oeijlert Bull. Soc. Geol, 585, pl. IX f. 6, 6 a.

1877. Miller American Possils, 160.

Shell turbinated, with a short spire and the body whorl enlarged rnany tiraes

the size of the other whorls. Whorls tive, almost flat or horizontal beneath the largc

and prominent slit band, above it convex and ventricose. This band is situated beneath

the median line of the whorls, it is obliqne with the surface directed downwards; the

thin and sharp edges (fig. 35) transform it into a deep groove, soraewhat wavy in its

course (fig. 33). The crescents (fig. 34) are thin, deeply incised lamelliB, concentrically

striated, obliquely hiding behind each other. The inferior, flat side of the whorls is

transversally striated by crowded lines of growth, which are crossed by a several ele-

vated, longitudinal strite in some specimens, while they are completely vvanting in

others. The superior moiety of the whorls is ornamented by a niimber of spiral ribs,

which together with the longitudinal lines form a regular, cancellated trellis work.

There are also finer transverse stria?. The slit in the aperture continues open for a

long distance. The aperture is rather rhoraboidal and angidar in the four corners,

below, above and at the sides, in the lowest corner acuminate. The exteriör lip is

thin and sharp, the interiör or columellar börder thick, smooth and callons, folded

back tightly against the body whorl, so that no umbilicus is visible. Height 48

millira., breadth 45 mill., longitudinal diameter of the aperture 85 mill., transverse

diam. 30 mill.

It occurs in the soft shale at Wisby, at Westergarn, where the most numerous

specimens have been found, Stora Carlsö, Ejmunds, in the canal between Atlingbo

church and Hogrän, Klints in Boge and Länsa in Färö. It does not occur in the lime-

stone beds above the shale.

This species is interesting in consequence of its being one of the few which

continue in the Devonian formation. It was first described by Hall from that forma-

tion and Oehlert låter also found it in the oldcst Devonian strata of the north of

France. Its geographical range is also great, as it has been found in England, besides

in N. America and France. In England it has been found in the Wenlock Strata at

Walsall according to a specimen in the Museum of Practical Geology in London, of

K. Sv. Vet. Akad lUaiW. Btl. 19. N:o 6. 15
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which Dr G. J. Hinde kindly has sent me a cast to compare. It lias often been

confounded with Plenrot. balteata Phillips which is a quite different s|)ecies, as I have

learnt also through a cast kindly sent from Dr Hinde.

26. Pleurotomaria limata nom. nov.

Pl. X fig. 2—17.

Euomphalus carinahis 1839. Sowerey in Sil. Syst.. 616, pl. 6 f. 10.

1843. Morris Catal. Brit. Fossils Ed. 1, 144.

1847. MuRCHisoN Silurian Rocks of Sweden, Qu. .lourn. Geol. Soc LoiuL, 29, 49.

1854. Morris Catal. 2:d Ed., 247.

1867. Salter Siluria 3:d Ed., 531, pl. 24 f. 11.

1873. Id. Catal. Cambridge Foss., 157.

Straparollus uarinahis 1850. D'Orb. Prodr. I, 29.

Shell globular with short spire or turbinated with elongated spire and ventri-

cose whorls. The former variety, figs 2—6, is from the southern localities of Gotland,

mentioned below, the låter, tigs. 7, 8, 10, from the northern ones. The slit band is

placed a little above the middle line or exactly on it in the body whorl, near the

upper sutnre on the other whorls. As to its course it follows not always the same line

but deviates from it obliquely as seen in figure 7. It is much prominent, more so

than in any one of the preceding and nearly as much as in the following. Details of

it are given in figs. 14— 17. The crescents are of a most peculiar shape, figs. 15— 16,

being lamelte divided into two lobes through a large, oval slit widening backwards.

The two lobes are of unequal size, the lower one usually larger. The deep groove

in the midst between them is longitudinally as well as concentrically striated. These

lamellas have grown longer in the same proportion as both the bordering edges have

changed and, as seen in the longitudinal section fig. 17, become elongated as thin

lamelte, directed obliquely towards the aperture and thinning out near the outer

margin. The slit band thus attains to a large size and in some as much as five millim.

in a transverse line. See fig. 12. In fig. 14 there is an enlarged transverse section,

in which two pairs of the lobes have been cut through.

The depressed variety has five whorls, sloping in an acute angle to the slit band.

The aperture is transversally ovate, broader than high. The surface is richly sculptured

by a great number of spiral lines, varying from three to ten or more, crossed by lines

parallel with the lines of growth. Beneath the slit band the spiral lines are more

nuraerous and close, forming with the transverse lines a fine trellis work of minute

meshes and points, nearly alike the surface of a fine polishing filé, fig. 3, 13. The

umbilicus is either open as to show all whorls, fig. 6, or partially concealed through

the acute angle formed by the interiör lip of the aperture, f. 3.

The elongated variety, figs. 7— 12, from the northern localities of Gotland is

turbinate with longer spire and ventricose whorls. There is usually only one spiral

ridge above the slit band, seldom two, but much prominent. Beneath the slit band

there is a varying number from a single longitudinal line to quite as many as in the
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former variety. The shell consi.sts of two strata of vvhicli the interiör oiie is siiiooth

and glossy. The apertnre is obliquely ovate, higher than broacl and the unibilicus

narrow. In sonie, fig. 7, 8, the suture is very deep. The slit band is also plaeed

lower, than in the former, where it is elose to the suture on the smaller whorls.

Dimensions of the lower form: heiglit 32 milim., width 55 mill., height of aperture

15 millim. The elongated variety has in height 32 millim., breadth 35 mill., aper-

ture 21 mm.
The shorter variety is found at Klinteberg and Lilla Carlsö in the limestone

beds, in the shale beds at Wisby, Gnisvärd, Westergarn and Stora Carlsö. The elon-

gated form is found in the limestone beds of Wisby, Likkershamn, in the eanal near

Westöös in Hall, Samsugn in Othem, Lännaberget near Slite, Wialmsudd in Bunge,

Lutterhorn in Fårö, Kålens Qvarn, Kristklint in the bay of Kapellshamn.

Pleurotomaria crenulata Mac Coy, Palseoz. Fossils p. 291, pl. 1 K. f. 45, may
also be referable to this species, but I cannot be sure of it through the description

and figure alone. There cannot be any doubt left that this species really is the E.

carinatus of Sow. since Murchison says he also found it in Gotland and, above all,

since I have had occasion to see a cast of the original specimen of Sowekby in the

Mus. of the Geol. Soc. of London from the Aymestry Limestone at Aymestry.

Murchison says in the »Postscript» to the paper on the Silurian Rocks of Sweden:

»Mr SowERBY is responsible for the E. carinatus, which is distinct from Inachus sul-

catus HisiNGER.» This statement, even if the figure in the Silurian System did not

show the identity, must suffice to dispel the Identification of this shell Avith Inachus

costatus or centrifugus as Morris 1. c. and Bronn Nomenclator p. 478, have it.

I have been obliged to give this species a new name, as there already before

exists a Pleurotomaria carinata Sow. 1834, Mineral Conch. p. 247.

Divisio VI. ALATJE

(Euomphalopterus F. Roemer.)

27. Pleurotomaria replicata n.

Pl. XIII fig. 39—44.

Shell evolute, with lowly sunk spire, whorls three and a half, wide apart. Slit

band situated on the lower and exteriör edge of the trigonal whorls, consequently dii'ected

downwards towards the apical side, as usual with so many Pleurotomaria3 having this

band winglike or expanded. Like that in Pl. alata it is enormously widened, figs

42—43, into an aliform lamina, nearly as long across as the widest diameter of the

whorl. The crescents closely set, elongated as lamellse, directed outwards towards the

aperture. In a section across the band, fig. 43, more than twelve crescents may be seen

cut across. A section along the exteriör edge of the aliform band reveals, fig. 44,

the extreme, thin outlines of the much distantiated crescents. A section of the

whorls, fig. 39, gives the figure of a nearly isoscele triangle, the short basal line of
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wliicb is tlie sloping, interiör uiiibilicul sido and tliu both equal sides are tbe exteriör

and tbe apical sides. Tliere is tbus a narrow ridge rnnning along tbe niiddle of the

nnibilieal side, being in older wborls as thiii as a knite edge. The ornanientation con-

sists of transversal, regiilarly distantiatcd, narrow lines, somewbat Avavy and enclosing

between tbem nuineroiis, ininute lines, parallel witb tbem. VVben reacbing tbe wirig

of the slit band they are bent in a gentle curve backwards. On the uiubilical side

tbe seulpture is tnore coarse and consists of imbricated lamellai.

Length of wborl and slit band near the aperture 21 millim. Lengtb of slit band

alone 10 millim. Breadth of whorl near the aperture 10 millim.

Only one specimen bas bitherto been found in a detached stone on the shale

beds near Wisby, which probably, as far as can be judged by the rock, belongs to the

Upper Silurian of Gotland and the oldest shale.

This species is related to Eccyliomplialus alatus Ferd. Roemer Letb. Geogn. 1876,

tab. 5 fig. 5, in which, bowever, the airical spire is elevated into an apex on the urn-

bilical side, the slit band is shorter and the section of the wborls is ratber more oval

than triangulär. E. alatus or a nearly related species also occurs in the Upper Red Or-

thoceratite limestone of Öland, while another, which comes near to Pleurotomaria repli-

cata, bas been found in tbe Upper Gray limestone of Dalecarlia. These fossils have

been numbered witb Eccyliomphalus, but I shall further down attempt to show that

this genus caunot be retained, as it contains either evolute Pleurotomarias as this

species and kindred, or evolute Euomphali, the peculiarity of tbe uncoiled whorls being

in no way any cliaracteristic sufficient enougb for generic distinction, when taken alone.

This Pl. replicata is a direct development from such forms as those described with

Pl. qualteriata and connects tbem with the group Alataj, being probably in genetic

connection with the fourtb of these Qualteriataj.

28. Pleurotomaria alata Wahlenberg.

Pl. X, fig. 18—32.

Cornu Araraoiiis laevis vestigium. 1730 Bromell, Lithogr. Svec. in Act. liter. Scient. Svec. p. 31.

Turbiuites alatua

Turbo äiaius

Delpliinula alata

Euomphaliis alatus

1818. Wahlenberg Petref. Svec, 69. tab. Ill f. 6—8.
1828. HisiNGEK Aiiteckn. IV, 221, 237.

1824. KöNiG Icoiics Ibasiliura sectiles, pl. IX fig. 107.

1829. HisiNGER Tablcau ed. 1, 10.

1831. Id. Anteckn. V, 113.

1831. Id. Tabl. ed. 2, 8.

1829. Brongniart Tableau des tcrrains, 428.

1837. HisiNGER Lethjea, 36, tab. XI f. 7 a—b.

1839. Angelin Museum Palseoutologicum Scandiuav. N:o 30.

1839. SowERBY Sil. Syst., 631, pl. 13 f. 28.

1841. HisiNGER Förtecku., 55.

1843. Morris Brit. Fossils, Ed. 1, 144.

1847. MURCHisoN Quart. Journ. Geol. Soc, 29.

1848. Bronn Noraenclator, 478.

1848. Phillips Mem. Geol. Survey II, i, 356.
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Euomphidus alatus

Schizostoma alatum

StraparoUiis alatus

Pleui-otomaria alata

Euomphalopterus alatus

1851. Moiuus Brit. Fossils Ed. 2, 247.

1855. PicTET Tniité de Pal. III, 155, pl. LXll f. 12.

18G2. Mac Coy Synopsis Sil. Foss. Ireland, 13.

1867. Salteii Sikiria 3 Ed., 531, pl. 25 f. 4.

1867. LiNDSTiiÖM Nomiiia foss. Gotl., 23.

1867. QuENSTEDT Haiulbucli der Petnifakluiiktmdc, 506, tab. 45 f. 64.

1868. BiGSBY Thesaurus Silurious, 153.
•1871. Baily Figures of Cliaracteristic British Fossils pl. 111, pl. 21 f. 7 (scarcely),

1873. Saltek Cat. Cambr. Mus., 157.

1882. QuENSTEDT Petrefakteiikuiide Deutsclilauds l:e AbI.li. 7:e Bd., 327, tab. 197 T.

1842. U'Archiac & Veen. Träns. Geol. Soc. Lond. 2;d Ser. vol. VI, 366.

1850. ©'Orbigny Prodr. I, 29.

1858. Fr. Schmiut Estliland, 201.

1876. Feku. Koemer Leth. Geogu. tab. 14 f. 9 a—9 b.

41.

Shell turbinute, spire broad and short, corisisting of six or seven tubulur wliorls,

circular in section, lig. 29. The slit band is placed above the median line of" the

whorl, nearly on a level with the upper edge of the apertnre. This large, laniellar

slit band, whieh is built on an exactly honiologous plan with that of Pleur. replicata

and Pl. limata, occupies a belt around the shell, which on the last whorl attains a

length across of 12 millni. in the largest specimens, the wliole diameter being 50 mm.
It is directed at first obliquely upwards, lig. 29, 30, and turns at the exteriör edge

abruptedly downwards in a curve, which sometimes has the appearance of a hook, f. 30,

32. Along its outermost margins this lamina is in some specimens folded in undulations

f. 24. If this large slit band be split in two halves along its median line, it is found

on each side to consists of two thin strata (f. 27) the exteriör one transversally stria-

ted on its surface and the interiör one qnite smooth and transparent. Within these

are enclosed the crescentic laminie and through their development the space between

the bordering lamina; seenis to be divided into a number of narrow compartinents

(lig. 27, the enlarged portion). They are wider apart near their exteriör eiids and

converging towards the whorls. When the slit band is sectioned transversally across

these crescents the appearance shown in lig. 30 is produced. The curved outlines of

ten obliquely sectioned, crescentic lamelke are seen in the dark shale between the

bordering edges of the slit band. These enclosing lamellai are in direct continuation

with the exteriör darker stratum of the shell, composed of minute, angular laminaa.

Within this exteriör stratum another of clear crystalline calcite lies, often retaining a

nacreous lustre. There are absolutely no Communications, nor perforations or tubes

between the interiör cavity of the whorls and the spaces separating the ci'escentic lamella3

of the slitband as Ferd. Roemek has supposed. The interiör cavity is closed as in

other Pleurotomaria3. Along the exteriör edge of the slit band, lig. 31, the ends of

the crescents are discerned, especially when a little cut; the thin edges of the band

are usually broken on the older whorls, f. 22.

The umbilical side of the shell is nearlj^ cup shaped, being hemmed in around

the edges by the high, turned up slit baiid and sunk towards the umbilicus, around

which there is an elevation.

The surface is only transversally striated, the stria; running straight down to

the slit band and, chielly on the umbilical side, directed towards the aperture and
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ut the verv c;dgc of tlie luiuiniil slit hund tuniiiig biick from thc aperture, (juite

as is the cuse iu all Pleurotomariii; with traiisversc strio) on tlie surfacc. The siuall-

ness of tlie apertural slit in tliis and sinulav species causes tliis dissiniikirity from

the other Pleui-otomariiu. Around tlie uinbilicus a suuill ridge is runniiig, a little

kuotty where the transverse lines eross it. On the spire the transverse lincs are luore

distantiated, elevated, and formed by the lines of growth. Ihe aperture is cireular,

the lips sharp and thin, not reflexed, the exteriör one extending into a triarjgular ap-

pendix, a narrow groove, representing the sinus or the slit, which here is redueed to a

minimum. The umbilical side of the aperture is deeply insinuated, almost as much as

in some of the Devonian shells which D'ARCiiiAC and Verneuil have placed in the

genus Schizostoma, Sch. radiata for instance, but which probably are differcnt from

Bronn's Schizostoma. The umbilicus is very wide and open and all whorls are seen

to the bottom of tiie umbilical funnel. On the umbilical side of the slit band there

are in some specimens discerned two or three darker spiral bands, a little deepened

in the shell, somewhat reminding of rests of colour bands.

Largest specimen 26 millim. in height, 51 millim. in breadth. Another specimen

attains 18 millim. in height, 35 millim. in breadth, the umbilicus has 9 millim. in dia-

meter and the slit band is 7 mill. wide across.

This characteristic species has been found in numerous specimens in almost all

strata of Gotland, in the shale beds of Wisby, Westergarn and Slite, in the limestone

of Lutterhorn and Länsa of Fårö, of Slite, Samsugn in Othem, Klinteberg, Westöös in

Hall, Kylley, Kålens Qvarn, Stora Carlsö, the canal of Atlingbo.

This species has by Ferd. Roemek been made the type of a new genus Euora-

phalopterus, which is characterized by tubular perforations through the lameilar edge,

which surrounds the shell, and also penetrate through the walls of the shell into the

interiör of the whorls. But, as stated above, there do not exist any such perforations

in the walls of this shell and the tubes are, as shown above, nothing but the spaces

between the lameliar crescents of the slit band. Nor has ever any operculum been

found to this species ^) or to other Pleurotomariaa- There is consequently, not any reason

to place this in a new genus, at the highest this and the following ones may form a

subjjenus to Pleurotomaria.'o^

29. Pleurotomaria alata var. subcarinata.

Pl. X fig. 33—.37.

This small variety differs chieliy in having an obtuse ridge beneath the slit band,

and where it runs, the whorls are angular, while in Pl. alata, figs. 18, 19, the whorls

are i-ounded on the corresponding surface. There is a revolving ridge around the um-

bilicus in this, as well as in the principal form, though not in all specimens. There

is no reason to consider this as more than a variety of the former, as there are some

') See ZiTTEL Handbucb der Paliieontologie Bd. 1, 2 Abtli. p. 206, where lie describes an operculum of

Euoinphalopterus, but which iu reality belongs to some Oriostoma.



KONGL. SV. VKT. AKADiaHEN.S ITAN])L. BAND. 19. N:0 6. 119

few speciraens ol" Pl. alata, lig. 28, which also show a very faint rib nearly on the sarne

place as in the variety. Height 8 millim.; breadth 16 rnill.

From Djupvik in Eksta, Lingsarfve in Näs, Fårö, Westergarn and in the oolitic

limestone of Bursvik.

30. Pleurotomaria alata var. opposita n.

Pl. X. %. 38—40.

Shell trochiform, broader than high, spire of five or six whorls, raore ventricose

than in the preceding varieties of the species. Slit band situated a little above the me-
dian line of the whorls. Beneath the band, near the suture, a narrow keel is seen and

there is none around the umbilicus. This variety is best distinguished by the direc-

tion of the transverse strias, which, as seen in fig. 39, are raore prominent and elevated

than in the others and are obliquely turned against the aperture, quite opposite to

what obtains in most of the other Pleurotoraariaä. The ends of the larger stria? radiate

in an expanded brush of minute striae, lig. 40. In the preceding forms the striaa meet

the slit band either rectangularly or directed backwards. Height 7 mill., breadth 13 mill.

From the shale at Petesvik in Habblingbo.

31. Pleurotomaria prsetexta n.

Pl. XI iig. 1—7.

Shell trochiform, moderately elongated, with six whorls, which are convex and

evenly rounded below, the umbilical side almost flat. The keel formed by the slit

band is broad, near its junction with the whorls on both sides ornamented with a

strongl}' prominent, spiral ridge, on which the transverse strite form nodules. The band

is placed a little above the median line of the body whorl and on the other whorls

high up, close to the suture. As seen in fig. 5 its interiör crescentic lamellai are very

closely packed, elongated and reach obliquely forwards to the margin of the keel. This

margin, fig. 6, is sometimes folded in a number of small wavelets, nearly as in

Pl. undulans though more regularly. The transverse stria?. of the surface are ap-

proached, although at regular distances, and have some smaller, parallel ones in the

interstices. The aperture is circular and a little angular in its interiör corner and the

umbilicus open and narrow. Height 13 mill., breadth 16 mill, aperture 6 millim., um-
bilicus 3 millim.

Occurs in the lowest shale beds near Wisby.

This species is nearly related to Pl. alata, from which it is readily distinguished

by the elevated ridges near the edge of the slit band.

32. Pleurotomaria togata n.

Pl. XI fig. 8—1.3.

Shell trochiform of seven angular whorls, slit band thick and short, fig. 13,

placed above the median line of the body whorl and close below the suture in the
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other whorls. It shows in the margin, fig. 12, the ends of the enclosed crescents,

whioh are formed upon the same plan as in the other »Alata;». In a transversal sec-

tion, fig. 13, the uncommonly thick shell substance of the bordering lines encloses a

most narrow slit band. Beneath the slit band an angular ridge is seen and below that

the wall slopes abi"uptedly inwards to the suture. The surface is transversally divided

into large sinuous folds, the interstices being streaked with minute, parallel lines, fig.

12. The iimbilical side, fig. 10, is comparatively smooth and glossj^, the transverse lines

being most conspicuous near the mai^gin, where, a little inwards, a blunt rib runs pa-

rallel with it, corresponding to a similar one on the lower side, though not so distinct.

Another ridge, more distinct, encircles the umbilicus, which is open, but narrow. The
aperture is circular as well as the section of the whoids, the lips are thin and sharp-

edged without being reflexed.

Dimensions of the specimen figured: height 12 millim., breadth 20 mill., aperture

7 mill.

Several species are found in the shale beds of Wisby and Petesvik in Habblingbo.

33. Pleurotomaria frenata n.

Pl. XI fig. 14.

Shell turbinate of five ventricose whorls. Slit band situated only a little above

the median line of the whorls, its keel is short, of triangulär section, with broad base

of plaited folds, fig. 14, with angular ends. The crescents of the band are as wide

apart at their ends as in the other species. The surface on both sides is covered by

fine, minute stria3, wavy and interlacing, forming a reticulate surface like that of the next

species. The stnso are directed towards the aperture and turn backwards only on

the slit band. The aperture is regularly circular with thin, sharp lips, the umbilicus

is open.

Dimensions. Height 19 millim., breadth 26 mill., aperture 11 millim. Five spe-

cimens have been found in the shale beds near Wisby.

This species is intermediat.e between Pleurot. prastexta and Pleur. undulans, uni-

ting a slit band like that of the former with an ornamentation resembling that of the

latter.

34. Pleurotomaria undulans n.

Pl. XI. fig-. 15—2.3.

Euomph. ccquilaterus 1867. Lindstr. Nomina, 23.

Shell helicoid, thin and fragile, and consequentl}^ usually crushed and distorted, spire

short, whorls six, ventricose. Slit band situated nearly on the middle line of the body

whorl, on the other whorls close to the upper suture, which it covers, very narrow and

often enlargened into a thin lamina, which is bent and folded into a succession of irregular

waves, as delineated in the figures. Its interiör structure coincides entirely with that
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of the others in this group. Fig. 23 represents it sectioned across with some ten cre-

seentic lainellaä obliquely cut, and fig. '22 is a section rectangular to the former. In

fig. 21 a magnified portion of a cloven band is delineated, where in the interiör the

elongated, crescentic lamella^ are directed obliquely, diverging outwards. The whorls are

beneath the slit band rounded and covered by fine, threadlike, elevated striaj, equally

distantiated. Above the slit band the transverse stria^ are still finer and rnore nuinerous

and a little sinuous. The stria^ are directed towards the aperture till they reach the

slit band lamina, on which they turn backwards. The aperture is transversally ovate,

almost twice as broad as high and the lips thin and sharp. The umbilicus is open

and measures nearly a third part of the diameter. Some specimens still retain the

nacreous lustre very vividly on the nucleus. A nucleus, fig. 20, shows traces of a ridge

around the umbilicus, which, however, has not been observed on the outside of the

more cornplete specimens. But this, as well as similar impressions on the inferior

surface of the whorls may be due to the crushing of the specimen. Height 20

millim., breadth 28 mill., breadth of the umbilicus 9 mill. in a shell having 25

millim. in a transverse line.

Found in the shale and limestone in the vicinity of Wisby, and also in south

along the coast in the shale at Gnisvärd and Westergarn and in north as far as the

shale of Halls huk.

35. Pleurotomaria Marklini n.

Pl. XI, f. 24—26.

Shell trochiform, nearly flat on the umbilical side. Whorls six Avith even sides.

Slit band placed a little above the median line of the whorls, thin and folded in ir-

regular wavy curves. The sculpture consists in transverse, oblique lines, which on the

umbilical side are coarse, callous ridges. Aperture obliquely ovate, umbilicus open,

but narrow. Height 14 mill., br. 18 millim, aperture in height 6 mill., breadth 7 mill.

Three specimens have been found in the limestone of Klinteberg and the figured

one is from the Marklinian Collection in Upsala.

36. Pleurotomaria cirrliosa n.

Pl. XI f. 27—29. pl. XII fig. 1—3.

Shell large, trochiform, nearly flat on the umbilical side, whorls seven, modera-

tely convex. Slit band situated a little above the median line of the whorls, forming

an extremely thin lamina with narrow edge. It is folded regularly and transversally

by grooves parallel with the transverse stria? and in the older whorls its broken

margins have coälesced with the surface of the next younger whorl. The ornamenta-

tion on both sides of the band consists of gently curved stria^, turniiig backwards from

the aperture and meeting in an acute angle at the slit band. The interstices between

the strite are crossed by short, irregular, unconnected lines between which the surface

K. Vet. Akad. Ilandl. Band 19. N:o « 16
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is deepened, and thence having a pitted aspect. The aperture is obliquely elliptical,

broader than high. The lips seem to have been thin, not reflexed. The umbilicus is

open and wide and all whorls are visible inside.

Height 55 inill., breadth l,i decira. Body whorl near the aperture 52 mill. across.

About eight specimens of this large shell have been found in the lower litne-

stone strata of östergarn and a smaller in the uppermost limestone of Linde klint.

As the specimens found are mostly nuclei and only few traces or shreds of the

shell are left, there may be some doubt if this species belongs to Pleurotomaria. 15ut

the direction of the transverse strire seem to warrant such a supposition, even if there

is no certain evidence in the section of the very thin slit band lamella, pl. XI fig. 28.

Divisio VII. PLANORBIFORMES.

37. Pleurotomaria planorbis Hisinger.

Pl. XIX fig. 30—39.

Turhinites centrifugus 1828.

Helieites? centrifugus 1828.

Éuomphahts centrifugus 1829.

1831.

1831.

1848.

1854.

1855.

1867.

1873.

1876.

Euomphalus substriatus 1829.

1831.

HrsiNGEU (not Wahlenbeeg). Anteckn. IV, 221, 237, tab. VI f. 2.

Id. Ibid. in the explan. of the figures.

Id. Tableau, ed. 1, 10.

Id. Anteckn. V, 114, tab. 1 fig. d.

Id. Tableau, 9.

Bronn. Nomenlator, 478.

MoKRis. Catal. Brit. Foss. Sec. Ed., 247.

Mac Coy. Palseozoic Fossils, 297.

Salter, Siluria, 231, 531.

Id. Catal. Cambr Foss., 156, 172.

Ferd. Roemer, Lethrea Geogn. Taf. 14 f. 13.

Hisinger Tableau ed. 1, 11.

Id. Anteckn. V., 114. Tab. 1 fig. e.

Id. Tableau ed. 2, 9.

Hisinger, according to Bronn Leth. geogn.

Bronn Nomenclator, 256.

His. Lethaea Suec, 38, tab. XII f. 1 a— c.

Id. Förteckn., 55.

LiNDSTR. Nomina, 29.

Qdenstedt Petrefaktenkunde Deutschlands le Abtheil. 7i- Bd., 395, tab. 200

fig. 81.

D'Orbigny Prodr., 30.

Shell disciforra, with tive whorls, rapidly increasing in size in the following ratio.

Body whorl 22 mill., in breadth.

Centrifugus planorbis

Inachus sulcatus

1831.

1835.

1848.

1837.

1841.

1867.

1882.

Straparollus sulcatus 1850.

Ed. 1, Bd. 1, 97.

2

3

4

5

11

5

3

2

The slit is at first large and broad and forms, where it ends, a narrow, acute

angle. It, as well as its continuation, the slit band, is situated on the apical side of

the shell, close to the suturc as in the following species. It is coinparatively nar-

row, elevated above the surface as a thin string and included only by the straight ed-

ges of the shell, though in a few instances there are obscure traces of bordering lines.
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The cruscents vary as to their shape, as raay be seen by the iigures, being coiunionly

(leiise, regular and distaiitiated or thick and oblique with the greatest bend near the

outer lip. But then there are specimens showing, at least for some distance, an angu-

larity in the transverse strias instead of the slit band, a conformation quite i'esembling

that which prevails amongst the Euomphalidaä and of which also traces are seen in

some of the Murchisonise.

The whorls are nearly tubular or quite as much rounded on the urabilical as on

the apical side although they in some instances seem to be somewhat more fiattened on

the umbilical side. On the apical side there are on the body whorl about fourteen

narrow, longitudinal keels, alternately larger and smaller. The uppermost one, which

separates both faces, is the largest of all, blunt and horizontally outstanding. These

keels are crossed by regular, elevated, threadlike strise, between which are others still

more minute and fine. These meet the slit band on both sides as usual in an acute

angle directed backwards. On the umbilical side there are dense, fine, transversal

stna3, bent in a great curve backwards, and then, near the keel, forwards. In some

specimens there are as many as seven low, only slightly, elevated, longitudinal keels,

which are more distinct in the young specimens than in the older ones. In these usually

no keels at all are visible.

The three oldest whorls are filled with an organic deposit of a solid, calcareous

mäss, ending in a concave surface, without any sign of diaphragras. In most specimens

this apex is often deciduous. The interiör whorls are tightly enclosed by the exteriör

ones, the longitudinal keels of all being interlocked with each other in the interstitial

grooves. The whorls have never been found disjointed, though this seems to have

been the impression of Hisinger, probably owing its origin to the observation of the

nucleus alone, when the uncommonly thick shell had been removed.

The aperture is circular, approaching to transversally elliptic, its outer lip being

more prominent and protruding, sloping inwards in a gentle sigmoid insinuation.

Greatest diameter 66 millim. Height of body whorl 22 millim.

This shell has been found chiefly in the lowest, marly shale beds of Gotland, in

numerous specimens, well preserved. at Grogarn and other places ot Ostergarn, in the

limestone beds of Ardre, and also in the shale of Fardhem, Wisne myr, on which the

limestone beds of Sandarfve and Linde repose. From the limestone strata of öster-

garn a single specimen has been obtained.

Hisinger and Bronn considered this very characteristic shell so much distinct

from the so called Euomphali, with which it comraonly had been placed, as to create

for its reception new genera. It seems that the former in a letter to Bhonn in 1835

proposed to name it Centrifugus^) led by a raistaken notion that this fossil was iden-

tical with the Turbinites centrifugus of Waiilenberg^), which cannot be the case, as that

shell rather, as far as can be judged, is either a Pleurotomaria of the evolute form or

an evolute Euomphalus, of which both genera there have been specimens found in the

Orthoceratite Limestone of Dalecarlia, the only stratum from which Wahlenberg cites

*) Nomenclator p. 256.

^) Petrificata Telluris Svecanae p. 71.
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liis Centrifugus. He does not auywhere mentiori it as found in Gotland. I cannot,

however, tind tliat Hisingek himself ever in his published writings made any use of

the generic name Centrifugus. It occurs only with Bkonn for the first tiine in Lethaja

geogiiostica ed. 1, Bd I p- 97, which part of the vohune was published already in

1835 as raay be concluded by referring to the half yearly Catalogue of the German
booksellers for that year. This genus inclutled Centrif. costatus His., the type speci-

men of which is kept in the Cabinet of the School at Wisby and certainly is the shell

of a Cephalopodan, probably a Trochoceras. The second species which Bkonn names, C.

planorbis, is identical with the sulcatus of Hisinger as can be seen by Bronns Nomen-
clator p. 256'). But already in 1837 in the Letha^a Suecica Hisinger gave it the

name Inachus. As this name in 1798 had been bestowed on a crustacean by Fabricius,

it could not be retained even if the fossil did form an independent genus. The pre-

sence of the characteristic slit band, which has not been before observed ^), at once

settles the question of its systeraatic place. It must, however, be conceded, as has

been pointed out above in the description, that there are some features in the position

and structure of the band, which remind of Euomphalus. It scems that De Koninck,

Faune Carbonif. de Belgique II, partie III p. 107, intended to give this species the

generic name Polytropis instead of Inachus, but as he is citing Euomph. dicors as the

typical species, the name Polytropis must be identified with Oriostoma, of which

see below.

In 1831 Hisinger gave the figure of his Euomph. substriatus, Anteckningar V,

tab. I fig. e, which as far as can be seen, without access to the unknown type speci-

men, is a species of Trochoceras found at Fårö. He, however, in the Lethasa unites

this form with In. sulcatus, giving it as the umbilical side. Now a glance on the ci-

ted tab. I fig. cl c^ e, is convincing that both d and e are apical sides of different shells

and he must himself have been aware thereof, as the latter figure in the Letha3a is

drawn in a reversed position, so as to match the apical side.

Euomphalus carinatus, Sowerby, identical with the Pleurotomaria described above

as P. limata, has also by some English authors been confounded with Pl. planorbis,

but it is certainly distinct from it as Murchison ^) also conceded and as has been more

pai"ticular]y stated above.

38. Pleurotomaria helicina n.

Pl. XI tigs. 34—37.

Shell discoid, with short, nearly flat spire of five whorls. The slit band is large,

placed beneath the median line of the body whorl, hidden from view on the other

whorls through the covering, lower edge of the next whorls. The crescents are obscure,

distantiated. The surface is smooth and glossy with some few, indistinct transverse

grooves and lines of growth, which are curved backwards. The aperture is nearly

^) "Hisinger 1835 in litteris» he says 1. c.

-) In auENSTEDT's Petrefiiktcnkunde Deutschlands l:e Abth. 7:r Bd. pl. 200 f. 81 a good delineation

shows the slit band, but this has not been remarked by him in the letterpress.

^) Qu. Journ. Geol. Soc. 1847 in the Postscript p. 1 to »Siluriau Rocks of Sweden».
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circular with thin lips. The peristome is iiiterrupted. The urabilicus is opeii and

wide, showiiig all the interiör whorls. It is accompanied by a spiral groove near the

interiör börder of the whorls.

Height 5 uiillim., breadth 16 mill.

Occurs plentifully in the shale beds of Djupvik in Eksta and has also been fourid

in a few specimens in the shale of Wisby.

As to its depressed spire and the position of the slit band this species resenibles

very inuch sotne Devonian Schizostomata figured by Goldfuss in his Petref. Gerniania3,

plate 188 figs 4—6.

Divisio VIII. NATICOIDE^.

39. Pleurotomaria exquisita n.

Pl. XI, figs. 30—33.

Shell ovato-globose, naticoid, glossy, Avith tive ventricose whorls, of which the

body whorl niany times surpasses the others in size. The slit band is situated above

the median line of the body whorl and is in the others completely hidden under the

covering lower edge of the superjacent whorl. It is couiparatively large, on a level

with the other surface and enclosed by a iine, distinct line on each side and crossed by

irregularly distantiated, linear crescents, which are a little oblique, tig. 32. Sorae three

or four shallow grooves run rectangularly to these along the median line of the band.

The transverse lines of growth are bent in curves directed from the aperture back-

wards, those above the slit band being more curved than the others. In the opposite

direction, obliquely crossing them, almost microscopically minute striaä are seen, on

both sides of the slit band, as well as on this band. Those above the slit band do

not cross its superior bordering line, but follow it in a highly acute angle, densely

packed. They are sinuous and bifurcated. Those on the slit band are in direct con-

tinuation with those below, which are sinuous without bifurcation, more distantiated

and more oblique. The suture is so shallow, that the whorls on both sides of it form

nearly an even line. The aperture is obliquely elongated, longer than broad, the lips

are thin, the inner one reflexed around the umbilicus, which is of moderate size.

Dimensions: height 9 millim., breadth nearly 10 mm.
This beautiful little shell, one of the most remarkable through its peculiar orna-

mentation, has been found in numerous specimens in the shale beds of Djupvik in

Eksta. There is probably also a specimen from the shale of Wisby.

Gen. MURCHISONIA DArchiac & Veeneuil.

1841. Murchisonia D'Aechiac & Vern. Bull. Soc. Geol. XII p. 154.

1859. Hormotoma Salter Canad. Organ. Eemaius Dec. [ p. 18.

Shell elongated turriculate, whorls numerous^ slowly increasing in size, oldest ivhorls

filled loith organic deposit of calcareous matter. Slit band and ornamentation as in Pleu-

rotomaria. Nacreous lustre not observed.
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It is very difficult to find any characteristics wherewith to distinguish those

forins called Murchisonia in a ready manner from Pleurotoinaria. According to tlie

authors of this genus the apertiire sliould be »terininée k sa base par un canal tres

court ou tronqué». But in several Pleurotoiuarias the superior corner of the aperture

inay also be seen to be pi'otracted in an angle. Saltek in Canad. Org. Rernains, vol. I

p. 18 divides this genus in Murchisonia proper with acutely carinated whorls and

Horuiotonia with beaded, rounded whorls and rounded aperture. But while then in

the former genus many Pleurotomaria^ with broad spire have been included, it is more

practical with Bronn to include all banded shells with elongated and slender spire of

inany whorls whether carinated and ornaraented or plain, in Murchisonia and consider

it as a subgenus merely to Pleurotoraaria.

This genus occurs as early as in the Bala limestone of the Cambrian formation,

according to Salter, Catal. Gambr. Foss. p. 68, and continued through all Pala3ozoic

formations, while in the Mesozoic ones no such elongated Pleurotomariaj are known with

any degree of certainty. With us in Sweden they are scarce in the Lower Silurian,

a large species, related to the Esthonian M. insignis EiCHw., having been found in a few

specimens at Gräsgård and Segersta in Öland in the uppermost limestone beds. In the

Upper Silurian, again, of Gotland they are numerous and especially there are nuclei of

such elongately whorled forms, which also may be Loxonemata, filling the strata in

several places. Of some species the shell has always been destroyed and they are known

only by the impression of it in the rock. This is very stränge as the shell of the nearly

related Pleurotomaria3 is often well presei-ved in the same strata. The slit band is built

upon the same plan as in Pleurotomaria. In Murchis. deflexa there is a peculiar devia-

tion, as described in detail further down, when the superior margin attains so large a

development that it, in its downward growth, hides the band. In M. attenuata the slit

band is changed, on the body whorl, into a ridge, on which the apex of the angular

transverse lines rests, quite as in the Euomphalidaa.

As there, at least in the first division of this genus, is a certain similar uni-

formity prevailing in the ornamentation of the shell, the position of the slit band,

the shape and the size of the whorls, these will be the chief characteristics for distin-

guishing the various species. The genus may be fitly divided in two groups.ö

Divisio I. SIMPLIOES.

Ornamentation uniform of backwards directed striaj meeting the generally large

slit band in an acute angle; position of the band and shape and size of the whorls

giving the characteristics.

1. M. cingulata His.

2. M. cava n.

3. M. moniliformis n.

4. M. obtusangula n.

5. M. subplicata n.

6. M. compressa n.
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M. attenuata His.

M. paradoxa n.

Divisio TI. ORNATJE.

Shell more or less richly ornated, slit band enclosed by one or more variously

sculptured bordering liries. Almost all very small species.

9. M. crispa n.

10. M. munda n.

11. M. tortuosa n.

12. M. imbricata n.

13. M. cancellata n.

14. M. cochleata n.

15. M. deflexa n.

Divisio I. SIMPLICES.

1. Murcliisonia cingulata His.

Pl. XII %. 9—10.

PTurbinites Icevis major etc. 1738 Bromell Lithogr. Svec. in Acta Lit. Svecise vol. III p. 37.

Turritella cingulata 1829.

1831.

1831.

1837.

1841.

HisiNGER p. p. Tableau ed. 1, 11.

Id. p. p. Anteckn. V, 115, tab. II f. 1.

Il), p. p. Tableau ed. 2, 9.

Id. p. p. Lethtea, 39, tab. XII, f. 6 a. -

Id. Förteckning, 56').

Murchisonia cingulata 1841. D'Akchiac & Vebneuil Bull. Soc. Géol. de France vol. XII, 159.

1867. Lindström Nomina, 23.

Terebra? sinuosa 1848. Salter Mem. Geol. Survey II pt. 1, 357, pl. 14 f. 2.

Again, the following synonyms do not belong to this species.

Murchisonia cingulata M'Oor Palaeozoic Fossils, 293.

Salter Cambr. Catal., 172.

M'CoY Sil. Foss. Ireland, 6.

Kjerulf Veiviser, 29.

MuRCH. Vern. & Keys. Eussia, vol. II, 339.

Khause Zeitschr. d. deutsch. Geol. Ges. 1877, 22.

KiESOW Ueber silurische und devonische Geschiebe Westpreussens 1884, 58.

Pleurotomaria cingulata Buch Beitr. zur Gebirgskunde von Kussland, 116.

EiCHWALD Leth. rossica I, 2, 1166, pl. 43 f. 2.

Shell elongate, turreted, rather slowly increasing, whorls seven, almost conical,

slightly ventricose and with shallow suture. Slit band 3 millims. wide, situated above

the middle of the body whorl and on the other whorls near the upper suture, at a

level with the surface of the shell, the crescents small and narroAv, very dense. The

ornamental lines are transversal, uniform, dense, turned in a highly acute angle towards

the slit band. The aperture is ovate, higher than broad. The umbilicus is very nar-

row and nearly hidden by a reflexion of the columellar lip.

') In a foot-note to this Hisinger added: (Pleurotomaria?)
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Height 63 mill., width of body whorl 28 mill., width of smallest whorl 7 mill.

Height of aperture 19 mill., width of the same 15 mill. Apical angle 36°.

The original specimen of Hisinger, now iigured anew, pl. XII f. 9, has been

found by him in a detached stone near the church of Gothem. The rock is a

variety of oolite, peculiar to a quarry at the base of Bara backe and consequently

there cannot be any doubt of its being derived from that place. Quite similar

spccimens have been found in the gritty limestone near Gothems hammar. Those

from neighbouring quarries in Hörsne are also nearly allied, though there is some little

difiference as to the relative size of the whorls.

Fragments of a fine specimen have been obtained from the canal near Westöös

in Hall. Nuclei which in all probability belong to this species to judge from their

shape, have been found in the härd shale of Petesvik in Habblingbo. They are larger

than those from Gothem measuring as much as 35 mill. in width of the body whorl.

The Museum of Copenhagen has specimens from Näs.

2. Murcliisonia cava n.

Pl. XII fig. 4.

Shell cylindrical, turreted, whorls, only six left in the fragraentary specimens,

ventricose, rather angular near the slit band. This is narrow, situated exactly on the

middle of the body whorl and near the upper suture in the other whorls, more deeply

excavated than in any other species of its group, the crescents oblique, distantiated.

Aperture ovate. Dimensions of specimen from Djupvik in Eksta: h. 51 mm., br. 28 mm.
Specimens have been obtained, from Martebo, Djupvik in Eksta, Hörsne and the lime-

stone near Wisby.

3. Murcliisonia moniliformis n.

Pl. XII fig. 5-6.

Shell tapering, turreted, narrow in proportion to its length. Whorls eleven,

globose, with deep suture, rapidly increasing in size. Slit band nearly in the middle

of the whorls or a little above it, slightly concave. Aperture ovate, with lips much

reflexed both near the columella and in the superior börder. Umbilicus hidden through

the reflexion of the columellar lip.

Length 36 milliru., breadth 11 mill., apical augie 22°.

From the sandstone and the oolite of Bursvik, Avhere it is common.

4. Murcliisonia obtusangula n.

Pl. XII fig. 7, 11, 12.

Shell turreted, moderately tapering, with twelve ventricose whorls widened on

the middle in an obtuse angle, where the elevated slit hand is situated. The aperture

ovate. The umbilicus is hidden through a fold of the columellar lip. Ornamentation

in this and the two preceding species almost the same as in M. cingulata.

Height 30 mill., br. 10 mill. Apical angle 29 °.
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The typical specimens are derived from the limestone beds of Kyrkberget (Rackar-

backen) in Wisby. Others are from Lumraelund, Samsugn in Othem, Lutterhorn in

Fårö, and some specimens from Wialmsudd may perhaps also belong here. Those

from Samsugn, fig. 11—12, are much altered through corrosion and in some there is

a false appearance as if the slit band were lineated longitudinally, biit this may on

closer inspection and coraparison be traced to changes after the fossilization. These

specimens, however, are soraewhat less angular than those from the other localities.

5. Murcliisonia subplicata n.

Pl. XII fig. 8.

Shell short and thick in comparison with its congeners. Whorls nine, slowly

increasing, widened on the middle into an obtuse ridge vvhere the shallow slit band

is placed. The inferior börder of the whorls is folded into a callous ridge, which

overlies and partially covers the deep and narrow suture. The aperture is ovate, the

inner lip reflexed and the nmbilicus a narrow fissure.

Height 27 millim., breadth 21 milL, apical angle 35 °.

In all, six specimens have been obtained from Lummelund in the superior limestone.

6. Murchisonia compressa n.

Pl. XII fig. 15—19.

»Turritella? (Turbo L.)» 1828. Hisinger Anteckningar IV, 221, tal). VI f. .3.

Turrilella cmgulata 1831. Id. p. p. Anteckn. V, 115, tab. II f. 1 (nucleus).

18.37. Id. p. p. Lethrea Suec, 39, tab. XII fig. 6 b.

»Stenkärnor af Turriteller» 1841. Ii). Förteckning, 56.

Shell elongately turriculate, with slowly tapering whorls, only moderately ven-

tricose, numerous — as many as 18 have been numbered in one specimen. The ratio

of the increase in the whorls is in this species much slower than in any other, the

breadth augmenting much faster than the height, as is made evident through the foUow-

ing coraparative table of the dimensions of the whorls in five species.

M. cingulata. M. cava. M. compressa. M. attenuata. M. obtusangula.
Two specimens.

Spec. A. Spec. B.

Height of whorls. Bieadtli. H. Br. H. Br. H. Br. H. Br. H. Br.

Body whorl 17 mm. 31 ram. 12 mm. 22 mm. 9 mm. 20 rara. 17 mm. 20 mm. 18 mm. 22 rara. 7 mm. 11 mm.
.2 .'. 12 » 25 » 10 « 19 » 8 » 18 » 12 » 15 » 17 » 18 » G » 9 »

3 — 10 » 18 » 8 » 15 » 7 » 17 » 10 » 12 » 12 » 14 » 4 » 8 »

4 7 » 14 » — — 7 " 15 » 6 » 10 » 9 » 11 » 3 » 6 •>

5 — — — — G » 13 » 5 » — G » — 3 " 5 »

6 — — — — 5 » 12 " — — — — 2 » 4 »

7 — — — — 5 » 10 » — — — — 2 » 3 B

8 — — — — 4» 9» — — — — 1»2»
9 — — — — 4» 8» — — — — — —

10 — — — — 3" 7» — — — — — —
11 — — — — 3» 6» — — — — — —
12 — — — — 3» 6» — — ___ —

K. Vet. Akad. H.-indl. Band 19. N:o fi. 17
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The apex of the spire is in all specimens, which have been investigated, filled

up with solid calcareons spar of a brownish colour, without any trace of transverse

diaphragmata. The nuclei have a glossy surface and look as if the interiör walls of

the shell had been porcellanous. The slit band is prominent a little above the middle

of the whorls, it is narrow and slightly concave along its median line- The aperture

is rathei" obovate approaching to the circular. The umbilicus seems to have been

large and open as shown by longitudinal sections when there is no corapact columella

(fig. 18), but an open tubular axis interiorly.

Very frequent in the inferior limestone of Ostergarn at Grogarn and Katt-

haramarsvik, but almost only as nuclei, on which traces of the sculpture of the shell

are visible. It has also been found in the neighbourinof strata of Kräklinojbo and

Ardre, and it is probable that some nuclei from the limestone of Wisby belong to

this species.

Height 80 millira., breadth 21 mill., apical angle 22 °.

This common species has usually been confounded with Murch. cingulata, as

HisiNGER himself did, till he in his »Förteckning öfver Svenska petrificater», edited 1841,

p. 56, separates it from M. cingulata, without giving it any new name.

7. Murchisonia attenuata Hisinger.

Pl. XII fig. 20—24.

Turbinis marini nucleus lapideus Irevis etc. Bromell Act. Lit. Siiec. 1738 vol. III p. 37.

Turritella attenuata 1840. His. Leth. Suec. Supplem. Secundum, 4. tab. 37 f. 7.

1841. Id. Förteckning, 56.

1848. Bronn Nomenclator, 1331.

Murchisonia attenuata 1867. Lindström Nomina foss. Gotl., 23 (nec. Murchisonia attenuata Hall 1856,
Träns. Albany Instit. vol. IV, 27).

Shell elongate, whorls seven in the most complete specimens, though there have

certainly been many more. The whorls are ventricose, nearly as long as broad, some-

what angular where the slit band is projecting. This band is narrow, placed a little

below the median line of the body whorl and quite on the middle line of the other

whorls. It has an even surface, fig. 24 section, the crescents are regular, fig. 23.

But near the aperture in large specimens the transverse ornamental strias above and

beneath are confluent with the band without any separating or bordering lines and

it continues only as an elevated ridge, sometimes not clearly distinct from the

surface. In this feature it shows relations to such genera as Euomphalus and

Loxoneraa (for inst. pl. XV fig. 9) and also to Pleurot. planorbis His. The shallow

suture crosses the longitudinal axis in a line more oblique than in the other species.

There is no umbilicus and the aperture is oblong, the uppermost corner acumi-

nated, its columellar lip thin, reflexed. Height 51 millim., width of body whorl

18 millim.
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The original specimen of Hisingek is from östergarn from where lately more

specimens bave been obtained, and quite similar ones are very common in tbe lowest

shale near Wisby. It bas also been found in tbe limestone of Gotbemsbammar, in

tbe sbale beds and limestone of Slite, on Furillen, in Foilingbo and in tbe limestone

at Kålens Qvarn.

8. MurcMsonia paradoxa n.

Pl. XXI iig. 1—3.

Sbell cylindrical, turreted, slowly increasing in widtb, whorls seven in tbe best

preserved of two fragmentary specimens. Tbe slit band is situated a little above tbe

median line of tbe whorls, it is elevated, with a flat surface, crescents regular, dense,

placed obliquely on tbe band which is crossing tbe axis of tbe sbell in a highly acute

angle. Tbe whorls which are of equal breadth and height, are of an only slightly

convex outline, though a little more bulging out in one of tbe specimens. They are

adorned with rainute transverse lines of tbe same pattern as in M. attenuata and

M. cingulata. The uppermost margin of tbe whorls is at first constricted by a

shallow groove, then widened in a stringlike i'ib, which covers tbe basis of tbe over-

lying whorls. The state of preservation of tbe specimens prohibits to ascertain tbe

sbape of tbe aperture and tbe umbilicus. Height of most complete specimen 36 mm.,

br. 10 mm.
Råte of growtb of tbe whorls :

H. Br.

1 10 mm. 10 mm.
2 8 » 9 »

3 7 » 8 »

4 5 » 7 »

5 5 )) 6 »

6 4 » 5 »

Two specimens bave been obtained from the gray limestone of Lindeklint.

Divisio II. ORNATS.

9. Murcliisonia crispa n.

Pl. XII fig. 13—14.

Sbell turriculate, obese, tbick, with six ventricose whorls which at their lowest

edge near the suture are constricted, forming a narrow vertical belt. The slit band is

placed much beneath tbe middle line of tbe whorls, a little above the suture. It is not

distinctly separated from the other surface through bordering lines and the cre-

scents are in direct continuation with the transversal lines. These are distantiated,

lameliar, imbricated. The slit is well preserved, shovt and tongue shaped. No um-
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bilicus is visible and the aperture is ovate. lieight 21 uiillim., breadth 12 iiiillim.

Apical augle 38 °.

It has been found in the coralliferous limestone of Lindeklint and Sandarfve

kulle, one specimeu from each locality.

10. Murcliisonia munda n.

Pl. XIII fig. 6.

Shell turriculate, terete, with eight short, ventricose whorls, twice as broad as

high. The narrow, ropelike slit band forms a prominent angle a liltle below the

median line of the body whorl and a little above the same line iu the other whorls.

It is hemmed in by two distinct lines and its surface is prominent and convex, the

ereseents are distantiated, smooth, lameliar and imbricated, quite as in that group of

the Pleurotomarias, which has been called Crispa3. In this feature the four first species

of the Murchisonia3 ornata3 are similar. Above the band, and parallel with it, a small

ridge runs on the body whorl. The surface is transversally striated by gently undula-

ting, lameilar, densely placed lines, imbricated as it were. For the rest the shell is

quite smooth wilhout any longitudinal or transverse striee. The aperture is nearly

obliquely elliptic and the columellar lip thin and reflexed, hiding the umbilicus.

Height nearly 6 millim., breadth 3 millira.

A few specimens found in the marly strata of the upper limestone of Slite.

It comes near to the preceding species as to the ornamentation, though this is

much liner in M. munda.

11. Murchisonia tortuosa n.

Pl. XIII fig. 4, 5, 13, 14.

Shell turriculate, of nine ventricose whorls, nearly twice as broad as high, an-

gulated a little below the raiddle of the whorls, where the chordlike slit band is

placed. This band is narrow, convex and outstanding, composed of nearly tubular and

lameilar ereseents, which cover each other successively, in an imbricating way. The

lowest part of the whorls is abruptly bent in towards the suture in a face, whereby

the suture is uncommonly deep. There is a low ridge between the slit band and

the umbilicus parallel with the former. In one specimen, fig. 13 there are also two

or three low ridges on both sides of the slit band. The ornamentation consists for the

rest in transverse, sinuous, lamcllar striaj. On the umbilical part there is also much

variation, in some a succession of concentric ridges, cut by stria3, which are sinuous,

as in fig. 14, or in others, as in fig. 5, onl}' transverse striaä and concentric ones near

the edges. H. 11 mm., br- 6 mill.

The aperture is ovate, the inner lip reflexed and hiding the umbilicus.
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Only two specimens liave been fouud, one from tlie crinoidal limestoiie of Stor

Wede in Follingbo and the other variety from a liraestone ridgc near the church

of Burs.

12. Murcliisonia imTbricata n.

Pl. XIII fig. 7—12.

Shell turriculate, elongate and slender, fig. 7, or short and terete, fig. 8; whorls

nine, broader than high. The slit band is prominent as a sharp edge, nearly on the

middle of all whorls or a little above. It is narrow, the crescents are long, protracted

and tube shaped, slender at their origin beneath the next preceding and slowly widening

till they form an erect, somewhat reflexed edge, fig. 11, 12. This form of the cre-

scents very much reminds of that in Pleurotomaria tubulosa, pl. IX f. 8, though the

ci'escents are more narrow and elongate in Murchisonia imbricata. The same sort of slit

band also distinguishes this species from the two nearly related, preceding ones. In

the two varieties, fig. 7, 8, the ornamentation of the surface is thus far dissimilar, that

it is finer in the elongated form, than in the other. There are in both transverse,

oblique striai, somewhat elevated and lameliar at their edges and thence causing an

imbricated appearance. They are crossed by a low and narrow ridge above the slit

band on the body whorl and by a more prominent, sharp ridge on all whorls near

the suture, which is very deep. On the umbilical side the stria3 are finer and closer.

The aperture is nearly circular and its columellar lip reflexed, though not so much as

to hide the narrow umbilicus. H. 5 millim. br. 2 mill.

This little, beautiful shell occurs plentifully in the marly seams of the upper

limestone of Lotsbacken in Slite and a few specimens have also been found in the

liraestone near Kålens Qvarn and both in the red and gray limestone of Sandarfve kulle.

13. Murchisonia cancellata n.

Pl. XIII fig. 1.

Shell turriculate, with eight transverse whorls of greater breadth than height, an-

gulated on the middle, where the slit band is situated. This band is enclosed within

two longitudinal, sharply projecting lines on each side and these again have between

them a narrow concave belt, streaked with short, oblique lines. The slit band proper

is thus very narrow, concave, the crescents of so small a size as not to be distingui-

shable. The other shell surface is cancellated by transverse and longitudinal threads of

equal size, though somewhat unequally distantiated. The aperture is nearly ovate, the

umbilicus is larger than in the others. Height of the most complete specimen 8 mill.,

br. 4 mill.

Some specimens have been found in the red limestone of Sandarfve kulle. From

this locality there is also a variety with more ventricose whorls, which seems to have

been larger.
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14. Murcliisonia coclileata n.

Pl. XIII fig. 2—3.

Shell turriculate, slender and tapering with twelve or thirteen whorls, rauch an-

gulated and prominent along the median line. The sides of the whorls on both sides

of the slit band are rather much more concave than in any of the preceding species,

and constricted into a vertical ring near the lower suture. The slit band is promi-

nently convex, heramed in only by the uneven edges of the surface, and covered by

very unequal, regularly curved crescents of which some prominent are raingled with

fainter. The ornamentation on both sides consists of transverse, much curved, ele-

vated sulci, remote, the interstices striped with minute stritc. On some distance from

the slit band three or four elevated ridges are crossing theni; the largest is placed at

highest above the band, encircling the umbilical surface. On this same surface there

are several others, low, concentric ridges, which are crossed by finer and more closer

stria3. The aperture is nearly circular and the columellar lip largely reflexed, widened

in a broad lamina near its superior corner and hiding the opening of the umbilicus.

The suture is distinct and slightly impressed. H. 18 millim. br. 8 millim.

This species bas been found in some 30 speciraens in the red limestone of Sand-

arfve kulle and also a few from the limestone of Katthammarsvik in Östergarn.

15. Murcliisonia deflexa n.

Pl. XX fig. 1—6.

Shell turriculate, with nine transverse, tumid whorls, carinated through many sharp,

longitudinal keels. The whorls rapidly increase in size in the following regular proportion

:

H. Br.

1 or body whorl, 4 mill. 8 mill

2 3 » 6 »

3 2 » 4 .)

4 1,5 >> 3 »

the breadth thus increasing exactly in the double ratio of the height. A longitudinal section

of the whorls gives an oval, nearly pyriform outline, broadest above and narrow below.

The slit band, the greatest peculiarity of this species, is situated a little above the

median line of the whorls. It is a narrow and excavated groove, covered with

oblique crescents. Its superior, bordering line bas grown out in a vaulted lamella, which

is bent down över the band so much that it completely hides it and its surface only

can be seen where this lamella is broken. This superior lamella is thin and sharp

edged, like a claw in the section, the inferior bordering line again is short, blunt and

horizontal. As seen in the section, fig. 6, the slit continues open along half the

body whorl. The surface on both sides of the slit band is delicately and finely cancel-

lated by lines of which the transversal ones above the slit band curve backwards only
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on the very edge of the covering lamella. Those below the band form a large curve,

directed forwards with its greatest convexity and with its upper end at the slit band bent

backwards. The transverse lines are nearly thrice as large as the longitudinal ones

and, where they meet, a thick, blunt nodiile is formed. Above the slit band there are

two longitudinal keels and one smaller around the umbilicus. Close below the slit band

a sharp longitudinal keel is running and the lowest edge of the whorl is widened into a

narrow ridge, which covers the much impressed suture. A great peculiarity, which has not

been observed in any other species of the Murchisonias, nor in any other gastropodan shell

of the Silurian formation, consists in two interiör, longitudinal keels, of which one

narrow and thin, follows the inner wall of the outer side of the shell from the lower

corner of the outer apertural lip, where it is placed a little below the lowest keel.

It continues on the same level through the whole shell, as may be seen in the longi-

tudinal section, given in fig. 6. On the nucleus this ridge has of course occasioned

an impression as a narrow groove, fig 4. The other keel runs higher up near the top

of the whorls on their umbilical side and corresponds with the narrow ridge, which is

visible around the umbilicus. These may in some way be regarded as formations ho-

mologous with the continuous ridges which interiorly cover the walls of the Nerinsete.

The aperture is large, obovate, its outer lip is thin, the inner is lamellar, reflexed

and at broadest in its superior corner. The umbilicus is narrow, where it opens, and

continues downwards as a hollow axis.

The shell has in many specimens, especially on the interiör side, an intense ochra-

ceous vellow colour, but whether this is due to låter mineral a^encies or to its retain-

ing anything of the original colouring is uncertain. H. 12 mill., br. 8 mill. Height

of aperture 4 mill., br. 4 mill-

In all, nine specimens have been found of this curious shell in the gray lirae-

stone of Linde klint, on its northernmost side, and also a few specimens on Sandarfve

kulle in the gray and red limestone.

Fam. VII. EUOMPHALIDiE De Koninck.

Shell discoid or turriculate, on the apical side or on the middle of the body lehorl

provided with a shallow notch in the outer lip, in continuation of lohich there runs on the

surface of the whorls a slender, elevated ridge, on which the transverse strioe are forming

a small angle, directed backwards ivithout any resemblance with a true slit band. llie apex

of the shell is commonly filled, with solid calcareous matter of an organic deposit or even

divided in various compartments through transverse, imperforated diaphragmata.

In adopting the name given by De Koninck') to this family it is in a much more

restricted sense than he intended and such genera as Straparolus, Straparollina, Maclurea

and Rhaphistoma are according to the definition given above not to be included. The

shells of this family, of which only the genera Euomphalus, se7isu strictiori, and Loxonema

') Faune du Calcaire Carbonif. de la Belgique, II, iii p. 107.
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are Silurian, have a slit in the lower edge of the exteriör lip, much more shallow than

tliat of the Pleiirotoinaridie and nearly alike that in Pleurotoma and also in Turritella^).

Dnring the growth this slit is never changed into a real slit band as in the Pleuroto-

maridaj, at the highest there is a narrow ridge, where the lines of growth are curved

backwards. When we see how raollusca, in other respects dissiinilar, are provided with

this slit in their shell, it is indeed very questionable whether the Loxoneraata only on

that ground are so nearlj' related to the genus Enomphalus as to be included in the

same faniily as here proposed. There may, however, be added the siinilarity in the

Consolidated apex, and the)' may thus, at least provisionally, be regarded as related

and Loxonema in a certain way to hold the same position to Enomphalus as Murchi-

sonia holds to Pleurotomaria.

Gen. EUOWIPHäLUS Sowerby p. p.

1814 Enomphalus Sow. p. p. Mineral Conoli. I, 97.

1833 Bifrontia Desiiayes p. p. Descr. Coqu. foss. des environs de Paris, 221.

1835 Schizostoma Bronn Letbsea Geogn. Ed. 1, 95.

1843 EccyliomjjJialus Poktlock p. p. Report Geol. of Londonderry, 411.

Shell discoid loith contiguous or disjointed wliorls; on the apical sideoftlieaferture

a shallow and obtuse slit or sinus is situated, the traces of which are seen on the lohorls

as a more or less elevated ridge, towards which the lines of growth are turning their api-

cal angle. The apex of the shell is fdled ivith a solid calcareons depiosition of organic

origin and is often subdivided through transverse diaphragms.

After the detailed expositions of the affinities of this genus as given by De Ko-

NiNCK in his latest grand work and by Stoliczka^), Waagen^) and Etheridge jr*) only

a few remarks need be added, chiefly to show the standing point in this question of

J. Sowerby and Deshayes, the conchologists who have most essentially influenced the

opinion of others.

When James Sowerby in February 1814 published his new genus Enomphalus

in J^ IX of the Mineral Conchology p. 97, he founded it on such species as Euomph.
pentangulatus, catillus and nodosus, all provided with the small notch in the corner of

the aperture on the apical side and a ridge in connection with it on the surface of the

whoi'ls. But already in April the same year he joined with them in that very genus

others as E. discors, rugosus etc, which do not share in the peculiarity of conforma-

tion, distinctive of the former. Consequently, when we are to fix the characters of

Euomphalus it must be in the original conception of its author. Next, the opinions of

Deshayes are of great importance, as most of the subsequent authors seeni to have fol-

lowed him. In 1830'') he did not accept Euomphalus as an independent genus, but

') BooGE Watson MoUnsca of the Challenger Exp. in Jonrn. Linn. Soe,, Zoology, vol. 15, p. 220.

-) Palreontologia Indien V, p. 247.

3) Pal. Ind. XIII p. 86.

^) Ann. mag. N. H. 5th-Ser. vol. 5, p. 480.

5) Eneycl. Method., Hist. Nat. d. Vers, vol. II p. 162.
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creates a section of it in Solariuin, comprising all the three, first original species of

SowERBY. The låter species, viz. E. discors, rugosus and funatus he says belong to

Turbo, and others again to Delphinula. He then quite rightly distinguished the true

Euomphali from the others and in all probability assigned to the E. discors etc. their

true place.

In the same work he in 1832^) identifies Straparolus of Montfort with Euom-
phalus or Solarium. As the confusion in this respect has originated with him and as

most of the låter authors have participated his views, it may be as well, here at once

to try to clear up this matter. Montfort established, as is well known, his genus Stra-

parolus^) in 1810, taking Str. Dionysii as the typical species. On comparing speci-

raens of this shell with specimens of E. pentangulatus or E. catillus it must, however,

be evident that they cannot possibly be regarded as of the same genus. In Straparo-

lus the shell has rounded, tubular whorls without the least trace of ridges, only with

some faint, longitudinal stripes and the transverse strias are not angular, as in Euom-
phalus, in Euomphalus again the whorls are angular and provided with the distinctive

ridge on the apical side. It is, moreover, highly questionable whether Straparolus is

identical with those Silurian shells which formerly were confounded with Euomphalus,

as E. discors etc. These have in the present memoir, in consequence of the nacreous

structure of the shell and the characteristic opercula been placed amongst the Turbi-

nidfe and in the genus Oriostoma. No opercula have ever been found belonging either

to Euomphalus sensu strict. or to Straparolus nor are they nacreous. If it steadily is

kept in view that Straparolus not at all is identical with Euomphalus s. str. and scar-

cely with Oriostoma, a great deal of difRculties will be overcome.

A change is made in 1833 ') by Deshayes thus far that he creates a new genus

Bifrontia and in this he ranges E. catillus, while the other two species are left with

Solarium as before. It cannot be denied, that there is a certain resemblance between

such shells as the Gotlandic E. tuba and Deshayes' Bifrontia ammonoides and B.

Deshayesii'') and likewise amongst recent shells, Oraalaxis (Bifrontia) supranitida Wood
has a shape that reminds of that of the palaäozoic.

In his last great work ") he maintains Euomphalus as a genus distinct from So-

larium, though belonging to the same family. He is further (1. c. p. 678) willing to

accept Bronn's Schizostoma for E. catillus. As to the last mentioned genus, established

with E. catillus as type, it was rejected by Ferd. Roemer"), who regards the indented

curvature of the aperture too insignificant as a generic character. It may, however,

be questioned whether this genus ought not to be retained for such Devonian species

1) Vol. III p. 986.

^) Conchyliologie System. II, 174.

^) Description des Coquilles foss. des Environs de Paris II p. 221. This wovk is dated 1824 on llie title

page, biit it was publislicd in small parts and it lasted till 1839 before it was completed. According

to Hermannsen Iiulic. Genernm, Bifrontia was published in 1833.

*) Anim. sans vertébres dans le Bassin de Paris, II pl. 26 f. 22— 28.

^) Anim. sans vertébv. dans le basin de Paris. Vol. II, 660.

«) Leth. Geogn. 3:e Aufl. 1 Bd, 456.

K. St. Vet.-Akad. Handl. Bd. 19. K:o 6. 18
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as Schizostoma Pusozii and Sch. radiatum, Avhich are of a type entirely different from

E. catillus.

To sum up the chief results now gained, I believe:

l:o) that Euomphalus is to be maintained in the sense which Sowerby at first

gave it.

2:o) that Straparolus, as well as Oriostoma must be reraoved from Euomphalus
as not identical with it and belonging to different farailies, Oriostoma being one of

the Turbinida3.

3:o) that of the Silurian shells Euomphalus along with Loxonema must be re-

garded as members of the family of the Euomphalida3 De Kon. p. p. and

4:o) that this is to have its systematic place next to the Pleurotomaridas, as there

are forms linking both together.

Eccyliomphalus, the only remaining synonymic genus, the identity of which

with Phanerotinus is doubtful, comprised, when first established, two species and the

author, PortlOck, lays stress on »its great resemblance to an unrolled Euomphalus».

And, in fact, these species come near to such as our E. Gotlandicus and E. triquetrus.

But by and by quite different shells were introduced into it. Eccyl. alatus Ferd. Roe-

MER, concerning which species see above at page 110, is an instance of the adventitious

forms. This genus has thus come to contain species of evolute Euomphali and like-

wise evolute Pleurotomarias. It must, consequently, be broken up, and its species be

distributed in these genera. Both the typical species are Euomphali.

The genus Euomphalus has a wide geological range. In Sweden the oldest spe-

cimens have been found as deep down in the Lower Silurian as in the Lower Gray

Orthoceratite limestone of Dalecarlia, from where the specimen, delineated on pl. XIII

tig. 36—38 has been derived. It is evolute, with three widely separated whorls of cir-

cular section, the aperture angulated in its lowest corner, where the large and distinct

slit, fig. 36, is situated. The ridge in continuation of this runs very sharp along the

whole apical side of the whorls. The ornamentation consists of imbricated, transverse

strife, curved back in an acute angle, where they cross the apical ridge. The oldest

whorls on the visible part of the apex is divided in chambers through at least four

transverse diaphragmata. I have named this interesting species Euomphalus Angelini

in remembrance of the indefatigable and gifted man. Professor N. P. Angelin who devo-

ted his life to the investigation and elucidation of the palteontology of Scandinavia.

Next in order of time we find a Euomph. obtusangulus ^) which resembles the

Upper Silurian E. Walmstedti and E, prtecursor, in the Leptsena limestone of Dalecar-

lia. In the Upper Silurian of Gotland there are five species, besides fragments indica-

ting others. It is well known that there have been several species found both in the

Devonian and Carboniferous formations expecially in the låter, where the genus seems

to have attained its culmen. Whether the Euomphali had continued during the Meso-

zoic times is uncertain. They have, it is true, been recorded as occurring in the Tri-

assic Rocks of Austria^). But the form of these presumed Euomphali does, certainly

*) Angelin & Linbsteöm. Fragraenta Silurica p. 12 pl. XVII f. 19—20.

-) See the vvorks of Klipstein and Ladbe.
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not harnionizc with thut of the palaiozoic Euoinpliali. As Stoliczka has sliown'),

most of the Jurassic foriris belong to the genus Discohelix, of vvhich there probably

already is a representative in the Devonian strata of Nassau^). It is possible that this

genus has continued during the Tertiary times and still sui-vives in the Mediterranean

and x\t]antic seas.

As to the speeies here described in this genus, E. tuba n. may be only provisio-

nally included in it, as it deviates somewhat in its form and possibly rather is an

Oriostoma. On the other hand, it must by future researches be decided whether Orio-

stoma angulatum Wahlenbebg rather not is an Euomphalus.

1. Euomplialus Gotlandicus n.

Pl. XIII fig. 19—31.

Shell disciform, involute or disjointed, at the highest with tive whorls. These

are cylindrical and nearly triangulär in section, the slit and its concomitant ridge being

on the apical side. The oldest mutation or variety, which occurs in the shale beds,

has only the nucleus left and is generally involute (figs. 19—22) with a wide and open

umbilicus showdng all whorls. The aperture is in the best specimens triangulär, the

ridge forming an angle, the outer lip thin, a little reflexed outwards. The tendency to

disjoint can be traced in specimens where the whorls are coiled in, but have some free

space between them, to those where they are quite uncoiled as in figs. 23—25. From
the same geological horizon the specimens figured in figs 30—31 have also been ob-

tained. In the uppermost limestone strata near Wisby hitherto only uncoiled speci-

mens have been found as shown in figures 26— 29. In them the aperture is more

triangulär than in the involute forms from Wisby a. The ornamentation of the sur-

face is nearly alike in all, consisting of thin, transverse threads bent in an angular

line curved backwards from the apertural slit. This slit is situated nearly in the

middle of the lower edge of the aperture and forms a highly obtuse angle. The three

oldest whorls are filled with solid calcareous deposit, figs. 22, 29, and the uppermost

surface of this stratum is deeply concave.

H. 20 mill., br. 42 mill. of involute specimen.

H. 15 mill., br. 39 mill. of uncoiled specimen.

The involute variety is found in great numbers in the lowest shale near Wisby,

and also at Westergarn and Stormyr in Rute. The uncoiled variety is found in the

same localities and moreover in the uppermost limestone beds of Kyrkberget in Wisby

and at Kålens Qvarn, Hogrän, the shore of Slite, Weskinde.

From the shale of Wisby some nuclei have been obtained in all particulars re-

sembling the common involute one, excepling in having some slight longitudinal ridges

along the apical side. They are, however, not in a sufficiently good state of preserva-

tion for description and delineation.

') Gastropoden der Hierlatz Schichten. Sitzungsberichten der Ak. Wiss. Wien, Bd 43, 1, p. 180.

^) Euomphalus rota Sandb. Nassau p. 212, pl. 25 f. 5.
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2. Euomplialus triquetrus n.

Pl. XIII, tig. 32—35.

Shell discoid, of ti^iangiilar section, with four whorls, of which the older are

contiguous and the body whorl free through almost its whole leiigth, rapidly wideiiing,

luuch more so than in E. Gotlandicus and it is broadly expanded at the aperture.

The three smaller whorls, which form the apex, are filled with a homogenous, cal-

eareous deposit, only interrupted by a transverse diaphragma in the second whorl.

On the interiör side of the umbilical surface the nucleus of the body whorl has a

shallow, longitudinal groove, being the impression of some internal ridge. The um-
bilical side is the Jargest, nearly flat, and the two other shorter sides meet in an obtuse

angle on the apical side. The aperture is transversally triangulär, broader than high,

the inferior corner acuminated. It is oblique and the superior lip more prominent

than the inferior one. The notch in the inferior lip is broadly triangulär, fig. 35,

and deeper than in the preceding species. H. of aperture 16 mm., br. 22 mm., dia-

meter of the shell 51 mm.
Specimens have been obtained from the shale and limestone of Slite, from Boge,

Westkinde and Hogrän.
^b'-

3. Euomplialus tuba n.

Pl. XVIII %. 6—8.

Shell globular, with a low, though prominent spire and four tubular whorls.

They are ventricose, with slightly elevated ridge in continuation of the apertural in-

dentation. The suture is deep and the whorls sink much abruptly towards it. The

ornaraentation consists in narrow longitudinal threads, which are crossed by indistinct,

transverse lines of growth, coarser and flner, forraing an obtuse angle in the same

line as the slit is situated. The aperture is circular and the lips thin, the umbilicus

is narrow, but open.

H. 7 millim., br. 10 m.

A single specimen from the limestone of Samsugn in Othem. A nucleus from

Martebo of lai'ger dimensions may possibly also belong to this species.

4. Euomplialus prsecursor n.

PI. XVIII, fig. 9—11.

Shell discoid, spire moderately prominent, of tive whorls, rapidly increasing in

size, the body whorl in breadth surpassing all the others. The narrow characteristic

keel is seen a little below its median line, having inside it towards the suture a flat

surface. On the umbilical side of the body whorl there is a narrow, sharp keel nearer
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to the iimbiliciis thau the exteriör margin, ori the insitle of which a scooped out bclt

is formed, heiug bordered by a sharp edge vvhere the umbilicus begins. The striation

on the surface is only transversal, slightly bent in a sinus where it crosscs the keel.

The striiB are narrow, elevated and thread like. The aperture is transversally ovate,

the umbilicus rather narrow. H. 6 mm., br. 17 mm., diameter of umbilicus 5 mm.
Another specimen: H. 5 mm., br. 11 mm., umbilicus 3 mm. Two specimens from the

shale of Wisby. From Dalhemså, near Nya Slitegårds, the museum possesses a single

specimen, which perhaps is only a variety of this species. It is, however, different in

not having the inferior keel so prominent and the whorls are convex, not flat between

the keel and the suture. On the umbilical side it is more conformed to the former.

The shape and sculpture of E. prascursor remind of the far larger species from

younger palasozoic formations.

5. Euomplialus "Walmstedti n.

Pl. XVIII iig. 12—14.

Shell discoid, spire on a level with the body whorl, whorls seven. On the

apical side a blunt ridge is running longitudinally and the surface of the whorl inside

it and the suture is sloping towards the suture or even a little scooped out. The

median line of the whorl, on the dividing line of the apical and umbilical side, is

obtusely carinated. A little inside the longitudinal axis of the umbilical side there is

a sharp, narrow keel, from which the side slopes gently inward. A narrow, sharply

defined groove marks the suture on the umbilical side. The transverse striation, the

only one extant, is extremely fine and the stria^ are slightly angulated when crossing

the inferior ridge. The aperture is transvei'sally ovate, angulated, the umbilicus wide

and open. H. 4 mm., br. 13 ram., umbilicus 4 mm. Several specimens have been

obtained from tlie red limestone of Sandarfve kulle. There are also specimens from

Samsugn in Othem and Klinteberg, which probably are only varieties of this species.

They have the whorls more rounded and the keels blunt or nearly evanescent. The

wider umbilicus and the conformation of the whorls around it, as well as the quite

different striation, distinguish this species from the former.

Gen. LOXONEWIA Phillips.

1841 Loxonema Puill. Palaeozoic Poss. Cornwall, p. 98.

Shell turriculate, toitk long, slender spire of ventricose lohorls; a shallow inclenture

occurs in the exteriör lip of the aperture. The lines of growth and also the ornamental

ones are bent in an obtuse angle, the apex of which is situated in a line ivith the aper-

tural indentation. The axis is solid and the oldest -whorls are filled with an organic

deposit of homogenous calcite as in the preceding genus.
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Of thu species first included withiii tliis genus ahiiost all havo tlic characteristic

featurus of »the oblique prominent thread like strias which cover the surface in all tlie

typical species» and as also the etymology of the name iniplies. In spite of such

expressly given charaeteristies by the first author låter naturalists have placed within

the limits of this genus shells whieh are ornamentcd in a quite different manner, and

rather should be regarded as belonging to other genera. Only such shells, in which

the ornamental stria' form an angle along the median line of the whorls or near that

line coiiformably to the first typical species, should be placed here.

Michelia of Ad. Ferd. Roemer ^) comprises shells with nearly the same ornamenta-

tion as in Loxonema, but with whorls and spire more like those in Trochus or Terebra.

Species of Loxonema have been foiind in the Silurian and Devonian formations.

A few have also been found in the Carboniferous limestone, though a great many
have been introduced in this genus without showing the distinctive charaeteristies.

But of all those described as Loxonema by Laube ^) from the Triassic strata of St.

Cassian not a single one can be regarded as appertaining to that genus.

In the Silurian of Gotland five species have been found, differing from each

other in the shape and relative size of the whorls as well as in the position of the

insinuation and the character of the angular striaj.

1. Loxonema sinuosum Sowerby.

Pl. XV fig. 1-5, 7.

Terehra? sinuosa 1839. Sowerby in Sil. Syst. 619 tab. 8, fig. 15 (not Salter in Mem. Geol. Survey

II, I, 357, pl. 14 f. 2, wliioh is = Muich. cingulata His., Loxonema
sinuosa Phillips Pal. Foss. Cornwall 99 pl. 38 f. 182 is a Devonian

species distinct from the Silurian and bas to be renamed as it is of låter date).

Loxonema sinuosum 1848. Bronn Nomenclator, 670.

1850. D"Orbigny Prodrome I, 29.

1854. Morris Catal. Brit. Foss. Ed. 2, 255.

1859. Salter Siluria 3 Bd., 549 tab. 24 f. 3.

1873. Id. Catal. Cambr. Foss., 172.

Holopella {obsoletw Sow. aff.) 1867. Lindström Nomina, 23.

Shell elongate, turriculate, with eight whorls, which are transverse, broader than

high, ventricose, constricted in a narrow belt close at the suture and the lowest edge

of the whorl hiding and covering the suture. Suture crossing the axis of the shell

in a very acute angle. The surface is covered by very fine, elevated lines, which are

bent in a nearly rectangular curve, along a line somewhat below the transverse median

axis of the whorl corresponding with the position of the obtuse indentation of the

aperture. The striee are finest on the body whorl, being more and more coarse and

changed into elevated, angular ridges on the older whorls. The aperture is ovate,

the columellar lip having besides it only a narrow, umbilical fissure open, which is

') Palceontographica Bd. 3, p. 73.

-) Denkschriften der Ak. d. Wiss. zu Wien 1868 Zweite Abth., p. 60.
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coinpletely closed in the interiör, the columella being solid, fig. 4. The apex is a horao-

genous mäss of calcareous spar, fig. 4, and consequently the nuclei, fig. 5, are ending

in an obtuse truncation. H. 24 millim., width of body whorl 12 millira.

Size of the whorls in two specimens.

Spec. A. Spec. B.

i'horls. H. Br. Whorls. H. Br.

1 8 mm. 12 mm. 1 8 mm. 12 mm
2 5 )) 9 >j 2 5 » 9 »

3 5 » 6 » 3 4 >) 7 »

4 3 » 5 » 4 3 )) 5 »

Very common in the shale at Djupvik in Eksta and also in few specimens

from Wisby.

2. Loxonema attenuatum n.

Pl. XVIII fig. 3—5.

Shell elongated, turriculate, of 8— 9 whorls, nearly as high as broad and in some
specimens exactly so, moderately ventricose or even approaching to a cylindrical shape

with straight sides, a little constricted around the inferior edge and slightly covering

the shallow suture. The apex of the angular and very fine stria? is situated a little

higher than those of the preceding species or near the median line. The corrosion of

the surface has caused a false appearance as of a slit band. The aperture is longer

than broad, oval, the interiör lip broad and reflexed; no umbilicus is visible. Length

of a fragment 27 millim., breadth of body whorl 9 mill., probable length of complete

specimen 35 raill. Dimensions of whorls in four specimens:

A, whorls. H. Br. B. whorls. H. Br. C, whorls. H. Br. D, whorls. H. Br.

1 10 mm. 11 mm. 1 8 mm. 10 mm. 1 9 mm. 9 mm. 1 wanting-

2 7 )) 8 » 2 6 » 8 .) 2 7 » 7 )> 2 7 mm. 8 mm
3 5 » 6 » 3

4

4 »

3 »

3 5 » 5 » 3

4

5

5 »

4 »

3 »

6 >.

4 »

3 »

Nine specimens have been fonnd in the limestone of Samsugn in Othem.

A fragment of a large Loxonema from FoUingbo somewhat reminds of this spe-

cies but cannot be defined with certainty.

3. Loxonema intumescens n.

Pl. XV fig. G.

Shell turriculate, with a slowly tapering spire, of which six whorls are left.

These are ventricose, larger than high in the foUowing ratio.
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Whorls. II. Br.

1 10 14

2 7 11

3 5 8

4 4 6

5 3 5

6 2 4

The increase is consequently inore rapid in the youngest whorls. The suture is

rnoderately deep and the whorls are regularly rounded down to it, without any con-

striction. The apices of the angular striaj are placed on the middle of the whorls

and resemble those of Lox. sinuosnrn. H. 32 inillim., br. 14 inin.

Only one specimen has been found in the upper limestone near Wisby and there

are also sorae from Westergarn.

4. Loxonema strangulatum n.

Pl. XV fig. 8—10.

Shell turriculate, long and slender, of at least six whorls. As may be seen by the

dintiensions, given below, the whorls are of nearly double the height against the width.

They are only rnoderately ventricose, as to appear almost cylindrical, the suture is

oblique, more so than in the other Gotland species. The lowest part of the whorls

is constricted in a rather broad belt just above the suture. The ornamentation con-

sists of the usual strias, bent backwards on the middle of the whorls in a sharp reet-

angular sinus.

Height of longest specimen from Östergami 47 millim., br. 8 mill. Height of

second whorl in the Klinteberg specimen figured 8 millim., breadth 5 millim.

Found in the limestone of Östergarn and Klinteberg.

5. Loxonema ? fasciatum n.

"Pl. XV fig. 11, pl. XX fig. 7.

Shell slender, elongate, turriculate, with about 16 slightly convex whorls, glossy,

though covered with exceedingly minute transverse stria3, which are curved backwards

in an angle. The apex of this angle is obliquely arched and taken together the apices

of all stria^ form, exactly above the median line of the whorl near the upper suture,

a relatively large band, somewhat resembling the slit band in Murchisonia, as for in-

stance M. crispa. It is however not clearly defined from the ambient surface, through

bordering lines and the species may, untill further information is gained, be left with

Loxonema. The whorls are a little longer than broad. The aperture is ovate. H. 13

millira., br. 2 mm.
A few specimens have been found in the red limestone of Sandarfve kulle.
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Fam. VIII. TROCHIDiE D'Orb.

Gen. TR0CHU8 L.

1758 Troclms L. Syst. Nat. ed. X, 756.

1879 Palceotroclms J. Hall Pal. N. York vol. V pt. II, 133.

1881 Flemmgia De Koninck Paune II, iii, 94.

1882 Eotroclms Whitfield Bullet. N:o 3 of American Museum of Natural History p. 77.

It is with great diffidence the following species have been described as belonging

to the old genus Trochus. The only reason for placing them there is the general

exteriör shape of the shell, it having not been possible to find any evidences from the

microscopic structure of the shell nor from any traces of a nacreous stratum or an

operculum. On the other hand, there are so many genera of shells which have per-

sisted from the Silurian age through all the following and still continue, and it may
therefore not be thought an impossibility that also the Trochi existed already in the

Silurian times. Moreover, it is generally adopted that species of Trochus have been

found in the Devonian rocks, where they, however, as well as in the Carboniferous

liinestones, not are numerous. Most of these palaeozoic Trochi are nearest allied to

that division, where the inner lip is thin or only slightly thickened, and the umbilical

side flat. A few, as Tr. profundus and Tr. cavus ') evidently belong to a section of

Palasozoic Trochi, out of which Whitfield (1. c.) has established his genus Eotrochus.

They have exactly the same cup shaped conformation of the umbilical side, which has

led some authors ^) to place similar ones from the Jurassic formations with the Phoridaa

in the genus Onustus. I think, however, that the Palaäozoic may, at least for the

present, be retained in Trochus. On comparing the beautiful figures of Tr. lamellosus

for instance in D'Orbigny's Pal. Fran^aise, Terr. Jurass. pl. 311 fig. 11— 13, the re-

markable similarity with the Silurian Tr. cavus and profundus is evident. There is in

all the same cup shaped umbilical surface, the thin, lameilar börder around it and the

open umbilicus. There are no traces of any nacreous stratum. The columella, probably

solid in some, is in many replaced by a wide, open, funnel shaped axis. The apex of

the whorls is filled up with a calcareous deposit.

Sixteen species have been discovered in the limestone beds of Gotland, none

having hitherto been found in the subjacent shales. These species may be divided

into the following groups.

I. TRANSVERSI, transversally ornamented by oblique lines.

1. Tr. Gotlandicus n.

2. Tr. fulminatus n.

3. Tr. mollis n.

') Probably also Tr. Stuxbergi and imd ulans.

^) HuDLESTON Contributions to the Pal. of the Yorkshire Oolites. Geol. Mag. 1884, p. 293.

K. Sv. Vet. Akad. HaocU, Bd. 19. N:o 6.
' 19
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4. Tr. Stuxbergi n.

5. Tr. undulans n.

6. Tr. profundus n.

7. Tr. cavus n.

8. Tr. Lundgreni n.

9. Tr. Kolmodini n.

II. OARINATI with longitudinal keels.

10. Tr. Dalli n.

11. Tr. Wisbyensis n.

12. Tr. lamellosus n.

III. INOISI with angulately impressed suture.

13. Tr. incisus n.

14. Tr. gyrans n.

15. Tr. densestriatus n.

IV. SPINOSI with spiny processes along the suture.

16. Tr. astraliiforinis n.

No species has as yet been found in the Lower Silurian beds of Sweden.

Div. I. TRANSVERSI.

1. Troclius Gotlandicus n.

Pl. XIV fig. 1—11.

Shell broadly conical, sides even, only slightly convex, whorls seven, transversally

striated by the oblique, backwards directed, laraellar, wavy lines of growth, which over-

lap each other and consequently give the surface an imbricated appearance. They vary

finer (fig. 1) or coarser (fig. 6). Where the urabilical and apical faces of the last whorl

meet they form an acute angle which often is prolonged into a horizontal, solid keel.

The umbilical surface is nearly flat, smooth, striated by minute, dense lines. The

aperture is oblique, almost triangulär. The outer lip is thin and sharp, the inner lip

reflexed. The umbilicus is closed and there is a marked circular depression around

it, defined by a narrow, thread like ridge. The columella is solid. The suture is shallow,

often covered by the lameilar keel of the preceding whorls, and the outlines of the

different whorls run in a continued profil without any interruption. The apex of the

shell is filled up with solid calcareous matter. A peculiar reticulated structure is shown,

fig. 9, in thin, transparent cuts of the shell.

H. 18 mill., br. 35 millim.

It occurs plentifnlly at Länsa and Lutterhorn on Fårö, in the limestone of Slite,

Hall near Westöös, in the coast all along the shore from Likkershamn to Wisby. A single

nucleus has been found in the shale near Wisby and probably belongs to this species.
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2. Trochus fulminatus n.

Pl. XIV fig. 12—13.

Sliull small, broadly conical with live ventricose whorls uiid deep suture. The
ornainentatioii is peculiar and characteristic. The distaiitiated, transverse lines are a

little below the middle of the whorls suddenly bent in aii obtuse angle, tlius fonuing,

as it were, a lower field of striaj on the belt next above the suture. The aperture is

transversally obovate, the lips thin, the umbilicus closed and the central part of the

uinbilical face deeply depressed and surrounded by a low ridge. H. lU uiillim.,

br. 10 tuin.

A few speciraens of this characteristic little shell have been found in a white

crystalline limestone north of Wisby, along the shore of Westkinde and Luuimelund.

3. Trochus mollis n.

Pl. XIV tig. 14—17.

Shell large, broadly conical, of six tuniid whorls, which are only obtusely cari-

nated between the apical and the uuibilical surfaces. The sculpture differs totally

from that of the preceding ones and consists only in microscopically minute, transverse

stria3, very regularly distantiated from each other. The aperture is obliquely elliptical,

the outer lip thin and sharp, the interiör lip strongly reflexed or thickened. The

umbilicus is almost hidden through it and is only discerned as a narrow slit.

H. 21 millim., br. 27 millim.

Some specimens have been found in the limestone of Klinteberg and Samsugn,

and also in Lilla Carlsö, from where the Mineralogical Museum of Copenhagen has

obtained a specimen.

4. Trochus Stuxbergi n.

Pl. XIV fig. 59—69.

Shell small, obtusely conical of tive or six whorls, which are ventricose, most

tuiuid near their inferior edge and the sides above nearly vertical. The ornamentation

consists of sigmoid, obliquely transverse, larainar striaj. The umbilical and the apical

sides are separated through a horizontal ridge, the extreme, thin margins of which are

much broken and jagged and are left behind in their old place on the older whorls,

having coalesced with the shell. The thin edges of this ridge form an upwards direc-

ted rim around the umbilical surface giving it a saucer-shaped appearance, elevated in

the centre around the narrow, but completely open umbilicus. The aperture is circular

or obovate, fig. 59. The outer lip is, when entire, thin, but thickens towards its upper-

most corner, where the horizontal ridge is situated. H. 11 mill., br. 13 mm. Another

specimen h. 7 railL, br. 9 mill.
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Several specinieiis have beeii obtained from Klinteberg and Samsugii, uiid also

from Kyrkberget in Wisby.

It reminds, as to the ornamentatioii, of Troclius Gotlandicus, but tbe traiisverse

strJLU are more straight in tliat species and sigmoid in Tr. Stuxbergi, moreover the

umbilical side and the shape of the whorls is quitc different in both.

5. Troclius undulans n.

Pl. XVI fig. 8—10.

Shell small, obtusely conical of five tumid whorls, bulging out near their inferior

part and with the sides above straight and vertical, whence the body whorl acquires

a cup shaped appearance or also they are of a concave outline, fig. 8. The oblique,

transverse lamella3 of growth are distantiated, and have their projecting edges rauch

wavy and folded in a great number of sinuosities, quite peciiliar to this species. The
umbilical side is nearly flat, in the centre excavated into a deep funnel, on the bottom

of which the opening of the narrow umbilicus is seen. The horizontal ridge which

all around borders this siirface is thin and wavy. The aperture is circular, enclosed

within thick lips, the outer one being especially large and in its uppermost corner

angulated.

H. 8 milL, br. 12 mill.

Only three specimens have beeu found, two from the upper limestone beds of

Slite aud the third from Samsugn in Othem.

6. Troclius profundus n.

Pl. XVI fig. 11—13.

Shell of moderate size, broadly conical with large periphery of the umbilical side

and short spire. Six whorls of somewhat concave contour. The ornamentation con-

sists of oblique, transverse striaä or rather steplike gradations following each other at

wider distances than the strise in the preceding species. When seen in a section,

cuttiug thera transversally they have a serrated appearance. The umbilical side is quite

smooth and glossy, excavated or cup-shaped, through the large, very thin, upwards

directed borders, which encircle the upper side of the whorls and the aperture. This

is circular and lies at some distance inside the börder of the shell. A
shallow, curved groove in direct continuation with the aperture, indicates

the place the animal occupied when prc)truding itself from the shell.

orfro"h'uTprofuu-" The outcr lip is thin and sharp, the interiör one thicker and straight.

dus, natiirai size. -pi^y uuibilicus is opcD and widc; the axis is open as seen in the annexed

woodcut. H. 13 mm., br. 16 mm.
Two specimens have been found in the limestone of Samsugn in Othem. In

this, as well as in the following species and Tr. Stuxbergi and Tr. undulans, the
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foi'mation of tlie uinbilical side in soinc way reminds of thc aijpeararice of tlie same

side in Trochita and Galerus, but pcrhaps more so of that in Onustus or Phorus

(f. inst. Pil. uxutus). Tlieir great accordance witli such Jurassic forins as Trochus

lamellosus D'OiiBiGNY is also already above indicated. There is also a Lower Silurian

genus Clisospira, iirst described by Billings in Canada, and also found in tlie beds of

the red Trinucleus shale of Östergötland, nearly allied to these forms.

7. Troclius cavus n.

Pl. XVIII fig. 15—17.

Shell broadly conical, with a large periphery of the umbilieal side and obtuse

apex. Whorls fivc or six, of faintly concave outline, transversally striated, striaj gently

arched, distantiated with smooth interstices. Section of whorls transversally elliptic.

The suture is completely hidden by the superior borders of the whorls, which have

eoalesced with the younger whorls and thus form an even apex. The umbilieal side

is a deep, cup shaped hollow, more like that of a Phorus than that of the preceding.

The encircling borders of the shell are higher and thinner. In a shell of 17 millim. in

length there is a vertical height of 10 millim. for this umbilieal hollow. Its surface

Is almost smooth, only with indistinct, transverse strias. The bottom, a gently eleva-

ted belt around the umbilicus, is formed by the upper side of the body whorl, which

is more flat and expanded than in Tr. profundus. It is separated from the thin lips

of the börder through a slightly elevated, narrow, annular stripe. The aperture is

ovate, lips thin and sharp, the umbilicus is open and wide. Height 9 millim, br. 20 mm.
Another specimen h. 14 mm., br. 22 mm. Fragment of a large specimen 30 mm.
in breadth.

Some specimens have been obtained in the red and gray limestone beds of the

hills of Linde and Sandarfve.

8. Troclius Lundgreni n,

Pl. XIV fig. 46—53.

Shell large, broadly conical, whorls eight, rapidly increasing, slightly convex,

superior börder enlarged into a broad lameilar ridge, horizontally outstanding and

separating the umbilieal surface from the apical. This ridge is visible on all whorls

and projecting beneath the shallow suture. As seen in the magnitied section of this

ridge, lig. 52, its interiör cavity has been divided through about five, transverse dia-

phragms. On looking at fig. 47 and the magnified corner of the aperture, it can be

questioned whether these apparent interiör, transverse diaphragms are not rather to be

regarded as the sections of several such apertural edges, as seen in fig. 47, formed

inside each other, every new one smaller than its predecessors. In fig. 53, showing a

weathered edge, there are also some such apertural corners brought forward. The
ornamentation consists of narrow oblique sigmoid strise. On the slightly convex
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umbilicul side tlie striiu are still iinur. The aperture is nearly circular, only wideiied

iiito a small angulai- wing iii tlie su|jei-ior conier. The outer lip is thin and narrow,

the inner lip strong, reflexed back towards the umbilicus and partially concealing it.

The colinnella is open for a little more than halt' its total length, solid towards the

apex. The sliell which is thickest around the narrow but open axis, consists of two

distinct layers of which tlie interiör one is dark and transparent, the exteriör påle

and opaque. H. 26 mm., br. 88 mm.
It occurs at Samsugn in Othem, from where some twenty specimens have been

found and also in the limestone of Lutterhorn in Fårö, where a smaller and more

conical variety occurs.

9. Troclius Kolmodini n.

Pl. XIV fig. 32—34.

Shell elongated, acuminately conical, of six whorls, with slightly concave outline.

The ornamentatiou consists in lines of grovvth regularly curved backwards and equally

distantiated, their edges elevated into a fine and sharp lamina. The interstices are

smooth. The umbilical side is flattened and finely striated. An obtuse angle is formed

between it and the apical side. The suture is acutely impressed and deep. The aper-

ture is transversally elliptical, the outer lip thin and sharp, the inner lip folded back

and hiding the umbilicus. H. 12 millim., br. 10 mill.

A single, but complete specimen has been obtained from the limestone of Stor

Wede in Follinjjbo.
'fe-

Divisio II. CARINATI.

10. Trochus Dalli n.

Pl. XIV, fig. 18—21.

Shell turbinated, ventricose, with five whorls, which are minutely and densely

striated. Along the middle of the whorls there are two longitudinal ridges close to

each other, not much prominent, softly convex; the aperture is circular, outer lip thin,

inner lip reflexed along its entire length and hiding the umbilicus. The suture is

moderately deep. H. 13 mill., br. 15 raill. Specimen, fig. 21, is of a variety with

broader whorls.

Several specimens have been found in the limestone of Kyrkberget in Wisby.

11. Troclius "Wisbyensis.

Pl. XIV fig. 35—43, 45.

Shell of much variable shape, obtusely or elongately conical, with long tapering

spire, whorls six or seven, ventricose and broader than high. The ornamentatiou is
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also highly variable, transversally oblique lines running either uniforrnly as in fig. 36

and 39 or distantiated and elevated at their edges into thin lamellfe. In a lonoitudinal

direction there are in most speciraens (fig. 36, 40) two keels on both sides of the

middle of each whorl, much distant from each other. In others again, as specimen

fig. 39, there is only one ridge, the upperrnost one, and in such as fig. 41, 43 there

are no less than three keels, a third placed just above the suture. A fourth is follow-

ing the outer edge of the urabilical surface, fig. 42. The aperture is transversally

oblongate, with thin lips, of which the inner one is refiexcd and hides the umbilicus.

H. 23 mill., br. 19 raill.

From the liraestone of Kyrkberget in Wisby, where many specimens have been

found, from Samsugn in Othem, from the limestone of Ar, and from Lutterhorn in Fårö.

12. Troclius lamellosus n.

Pl. XIV fig. 44, pl. XV fig. 52—54.

This species differs from the preceding chiefly in the ornamentation. The trans-

verse lines are much distantiated and elevated at their edges to projecting laminse.

At the suture they intercross with the pointed continuations from the stria^ of the

next whorl. It bas been found in the canal near Westöös in Hall. H. 12 mm.,

br. 10 mm.
Another extreme form of this species has been found in the limestone of Samsugn in

Othem by Professor P. T. Cleve, the only specimen of which belongs to the Mineral

Cabinet of the University of Upsala and has been delineated on plate XV fig. 52—54.

It is elongate, turriculate of seven whorls, which taper rather rapidly towards the

apex. On the body whorl there are two longitudinal keels as in the former, having

between them an excavated zone. The upperrnost keel of the lower whorls is almost

hidden, coinciding with the suture and partially covered by the lowermost börder of

the following whorl. There are distantiated, transverse lines running obliquely and by

being folded in projecting thin laminae they form the keels. The aperture is obliquelj^

elliptical and the interiör lip which is thin, nearly hides the umbilicus, of which only

a narrow slit is to be seen. The umbilical side is almost flat, covered hj densely set,

transverse, thin lamina?. H. 13 mill., br. 9 mill.

Divisio III. INGISI.

13. Trocliiis incisus n.

Pl. XIV fig. 22—31.

Shell regularly conical of six gradually increasing whorls evenly sloping, with

slight concavity or even in some specimens of convex outlines. Body whorl ven-

tricose with the umbilical side moderately convex, a narrow slightly elevated keel
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encircling its middle line. 'J'his keel is situated just below the suture in the older

whorls, which are hidden as to their upper part. The surface is striated by oblique,

exquisitely fine, a little serriilated lines, directed backwards. The deeply incised suture

is most characteristic though there are variations as to its depth. For instance a shell

from Follingbo, fig. 19, same locality as fig. 26—27, has rather no incision at the

suture or one only very shallow, the inferior börder of each whorl beginning further

down on the next preceding. The aperture is circular, the outer lip thin, the inner

lip refiexed. The umbilicus is narrow, but open. H. 17 mill., br. 17 mill. Length

of aperture 9 mill., width 10 mill. Several specimens have been found at Kyrkberget

in Wisby, Samsugn in Othem, Stor Wede in Follingbo; from Likkcrshamn there are

specimens in the Mineralogical Museum of Copenhagen.

14. Trochus gyrans n.

Pl. XVIII, fig. 18—20.

Shell regularly conical of eight tumid whorls, which are carinated along their

median line and just above the suture form a horlzontal, flat surface like a narrow

band along the inferior part of the whorls, bordered upwards by a narrow ridge.

The sculpture consists in fine strios, which are somewhat more irregular than in the

preceding. The aperture is circular and the outer lip thin, the inner one thickened

and there is the appearance of a sinus where both lips meet at the lower end of the

aperture. The structure of the umbilicus is peculiar. It is a wide, funnelshaped

opening, limited partially by the inner lip and partially by a sharply defined wall,

which is encircled by a narrow ridge and is continued spirally down to the more

narrow and deeper opening. H. 19 millim., br. 15 mill.

Two specimens have been found on Kyrkberget in Wisby together with the pre-

ceding, to which it is nearly related. It differs, however, chiefly thro\igh its peculiar

and characteristic umbilicus.

15. Trochus densestriatus n.

Pl. XVIII fig. 21—23.

Shell minute, elongately conical of six whorls with slightly concave outline.

Beneath the shallow suture there is a low, elevated ring around the upper edge of the

whorls, which on the body whorl is situated exactly where the apical and the umbilical

surfaces meet. There are regular, dense, microscopically fine streaks, riinning nearly

vertical on the whorls, slightly arched. The aperture is rather obovate and the lips

thin and sharp, the outer one bent inwards and the inner one narrowly reflexed, no

umbilicus is visible. H. 5 millim., br. 3 mill. Four specimens have been collected in

an earthy, bituminous limestone at Hessle in Östergarn.

It comes near to Tr. incisus, but is sufficiently woll distinguished through its

peculiar striation and the angular aperture.



KONGL. SV. VET. AKADEMIENS HANDL. BAND. 19. N:0 6. 153

16. Troclius astraliiformis n.

Pl. XIV fig. 54—58.

Shell conical, tapering to a narrow apex from a broad body whorl. Eight whorls.

Their upper boi^der lacerated, as it were, by thick, spinous projections, the base of

which completely conceals the adjoining suture. These processes are formed by reflexed

folds of the successiva lines of growth, as may best be seen on the umbilical surface

of the shell. A little beneath this edge there is a longitudinal bulging out of the

whorls. Between the lines of growth the convex surface of the shell is smooth or

most finely, transversally striated. The aperture is nearly circular, apiculated in the

superior corner, the lips thick and reflexed, the umbilicus is scarcely visible. The

sculpture of the umbilical sida consists in thick and coarse callous lines of growth at

a regular distance from each other. H. 12 millim., br. 18 mill. A few specimens have

been collected at Klinteberg.

Fam. IX. UMBONIDiE Adams.

Gen. PYCNOMPHALUS n.^)

Shell thick, trochiform or glohose, the inner lip of the a-perture ivith a thick callosity,

ivhich like a ridge surrounds the umbilicus.

This genus has been placed amongst the Umbonidas in consequence of the callo-

sity, which encloses the wide umbilicus. Most of the other genera have the umbilicus

completely covered by a far larger callosity as in Umbonium (= Rotella).

There is a genus Rotellina De Koninck Faune II, iii p. 92 from the Carboniferous

formation of Belgium, Avhich according to the figure given, seems to agree nearly with

our, but as the descriptive letterpress expressly states that there is no umbilicus, I

have not been sure of the identity and could not refer the Gotland species to it.

Pitonellus Montfort has also been placed with the Umbonidas, but they have the

umbilicus completely covered up. The same is also the case with Umbonium helici-

forme Goldeuss from Paffrath.

As to the identity of this genus with Platyschisma see below in Pychn. acutus.

Of the genus Pycnomphalus I have found the following three species in Got-

land.

1. Pycnomplialus otoesus n.

Pl. XV fig. 64—67.

Shell helicoid, with five ventricose whorls in a short spire. There are no orna-

ments excepting some indistinct, transverse lines, which are curved backwards. The
aperture is circular, the outer lip thin, the inner lip thickened through an accumula-

tion of the shelly matter, nearly five times as thick as in the outer lip. The umbilicus

') Ilvxvng, dense, thick, oftcpalng, umbilicus.

K. Vet. Akad. Handl. Band 19. N:o O 20
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is open, narrow at its mouth, most widened in the midst of the shell. The columel-

lar tube is consequently of unequal width, being inore narrow where the callosities are

opposite, and widening below them and in consequence its contours form zigzag lines

as shown in lig. 65. H. 16 millira., br. 23 millim.

Found in the limestone of Wialmsudd near Fårösund and at Länsa in Fårö.

2. Pycnomplialus acutus n.

PI. XVI fig. 1—6.

? PlalyscMsma helicites Sow. Siluria 4tli Ed. pl. 34 f. 14— 15.

Shell, trochiform with short spira of seven whorls. The surface is covered by

line, densely set, equal strise, meeting in an acute angle from both the apical and the

umbilical sides, where the sharp, dividing keel is projecting on the median line of the

whorls. At regular distances there are deeper or more distinct transverse furrows,

dividing the small stri« in narrow fields. The umbilicus is open and much wider

than in the preceding species. The aperture is transversally elliptical. The outer lip

widened into a prominent angular apex, forraing the keel, the inner lip thickened in

its upper part, nearly thrice as thick as the outer lip. A very iudistinct spiral line

accompanies the keel on its inferior side- H. 10 millim., br. 25 niill. Several speci-

mens have been found in the Trimerella limestone of Wialmsudd together with P.

obesus. It has also been found in the shales of Westergarn and Djupvik in Eksta and

in the limestone of Östergarn, Ardre, Wisby (Kyrkberget) and Nyhamn in Lummelund.
It is possible, that this species is identical with the Silurian Platyschisma helici-

tes Sow. Sil. Syst. But I have not been able with any certainty to make out this

identity, as there are such conflicting opinions in the fourth Edition of Siluria, where

on page 162 a figure of it is given, quite dififerent from that on plate 34 fig. 14—15.

Both can hardly represent the same species. The first figure rather resembles a va-

riety of Euomphalus Walmstedti, and the second, again, which, however, consists of

mera nuclei, seems to coincide more with P. acutus. But if this be the case, that

species cannot be retained in the genus Platyschisma, as it is expressely stated that this

genus has »a very wide, shallow sinus in the middle of tha outer lip»^). There is not

the least trace of any sinus in the Gotland specimans.

3. Pycnomplialus trochiformis n.

Pl. XVI fig. 7.

Shell large, broadly conical, of at least seven whorls, slowly increasing in height^).

Sides even, without any convexity, of rectilinear outline. Surface of the only specimen

') Mac Coy Pal. Foss. p. 533.

^) The ratio of increase in the only specimen IS:

Whorls. Height. Breadth.

1 8 31

2 6 26

3 5 20
4 4 14

5 3 10.
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extant so much weathered, that no sculpture can be discerned, excepting some indistinct,

crescent formed transversal lines. Along the upper börder of the whorls a narrow,

slightly elevated string is seen, being the uncovered portion of the acuminate ridge,

that divides the apical side from the umbilical. The låter is almost flat. The aper-

ture is transversally elliptical and the urnbilicus wide, surrounded by the elevated cal-

losity, which emanates from the thickening of the inner lip. H. 28 millim.; br. 32

mill. Only one specimen is known, belonging to the collection of the school of Wis-

by, derived probably from the upper limestone near that town.

Fam X. TURBINIDiE Aldee.

In following the precedence of S. P. Woodwakd^) and partly also of Zittel^) I

place the following five genera within this family. Some of the shells, which I have com-

prised within the genus Oriostoma, have by Deshayes and most authors after him been

numbered with the Solariid». One of the latest authors, Stoliczka^), does it on account

of the presumed simiiarity of its operculum to that of Torinia and the more so to

that of Omalaxis, with which recent genus also some of the palasozoic forms have been

regarded as identical. But besides, that nearly similar forms of opercula also occur in

other families, as the Siliquaria3, the Vermetida3 and the Turritellidaä, there is another

circumstance which makes it probable that the palteozoic shells under consideration

cannot belong to the Solariida;. It consists namely in the important feature that se-

veral of its species have retained the most evident traces of a nacreous layer, both in

the genus Oriostoma as well as in Cyclonema. Moreover the operculum is solid and

shelly not chitinous as in the former genera. These genera, which thus closer agree

with the Turbinidffi than with the Scalariidge are the following.

Oriostoma Munier-Chalmas, with short spire, surface richly ornamented by lon-

gitudinal carinte, crossed by variously sculptured, transverse stria^. Operculum conical,

solid and shelly with narrow coils. Umbilicus large and open.

Cyclonema Hall, with high spire, ornamentation of fine, slightly prominent lon-

gitudinal keels, crossed by equally fine, transversal strife. Operculum depressedly coni-

cal with large coils and hollow inside. No umbilicus or a very narrow one.

Trochonema Salter, turbinate, whorls angular through several distantiated sharp

keels, umbilicus large, open.

Eunema Salter, small, turriculated, fvith one or several narrow keels and other

sculpture, umbilicus closed.

Craspedostoma n. gen., shell globose, naticoid, with the lips widened to a broad

frame around the aperlure, lower end of interiör lip enlarged into an aliform appendix.

1) Manual of Moll. 2d Ed. 263.

-) Handb. Palfeont. 1,2, 187.

^) Palajontologia Indica V, 249.
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Gen. ORIOSTOKIA Munier-Chalmas.

1814 Euomphalus Sow. p. p. Min. Concli. voL 1, 97.

1864 Omphalotroclms Meek. Rep:t. GeoL Survey of California, Palreont. vol. I, 16.

1876 Oviostoma Mun.-Chalmas Journal de Conchyliologie vol. XVI, 103.

1881 Polytropis De Koninck Faune Carbonif. II.iii 107.

Shell discoid, with short spire, rarely high, wliorls tubidar, ventricose, joined, seldom

a little disjointed near the aperture, longitudinally sculptured with prominent keels, aper-

ture ivith thin lips without any sinus, generally continiious, umhilicus wide and open. In

several species the nacreous lustre of the interiör shell strata is retained on the nucleus.

The opercidum is calcareous and solid, on the inner side smooth loith a thick, elevated

rim around the margins, outside conical, sometimes higher than broad, covered by a number

of spiral coils ornamented with exceedingly thin lines. Mostly large shells, hut some species

also small.

Besides the above, in the list of synonyms enumerated genera, which have ex-

clusively or almost so been applied to the species of this genus, there is also a num-
ber 01 other genera, in which some of thein have been included as in Turbo by Pic-

TET, Delphinula by Hisingee and others, Trochilites and Helicites by Schlotheim, Tur-

binites by Wahlenberg and Schlotheim. Straparolus Montfort might, according to

several authors, embrace species of this genus, but the first species described are not

known to have had any operculum and their ornamentation differs. If we strictly con-

fine ourselves to the species, which Sowerby, when he at first established his genus

Euomphalus, included into it, we must find that låter created species such as E.

discors, E. rugosus, E. funatus etc. essentially differ from the former in having an en-

tire aperture without any slit as in those, which form the genus Euomphalus sensu

strictiori and must be ranged near the Pleurotomaridaä. Delphinula, employed by HisiN-

GER, is now applied to species from låter formations and generally regarded as a sy-

nonym for Omalaxis, which has a chitinous operculum. Omphalotrochus Meek may in

some degree be related to or even contain species of this group, but the name indi-

cates an afiinity, which is not borne out by the evidence given by the operculum of the

Silurian specimens. Polytropis De Kon. seems, to judge of the expressions of this author,

at first to have been intended instead of Inachus (In. sulcatus His. is a Pleurotomaria), but

De Koninck then cites Euomph. discors as the typical species and consequently the name
is synonymous with Oriostoma. The Devonian Oriostomata lately described by Oehlert,

as far as I am able to judge by specimens kindly sent from him, belong to the same

generic group as the Silurian, which formerly had been confounded with the Euom-
phali and both consequently must be placed in the same genus Oriostoma. The De-

vonian species however are all small and no operculum has as yet been found with

them.

The distinction between Oriostoma and Cyclonema, the next genus, is not quite

as clear as desirable, when the operculum is wanting. When an Oriostoma varies in

having a long spire, it nearly resembles a Cyclonema, but these never have the umbi-

licus as laroje as the former.
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In certain species of Oriostoma, which have a single longitudinal keel near the

suture, there is at first sight some resemblance with species of Euoinphalus, but the

apertural sinus is here reduced to a short notch, which through the folding of the

aperture originates the keels. These notches never attain to such large dimensions as

the sinus in the Euomphalida3 and moreover they disappear in the body whorl of many.

The shells of this genus are amongst the most common in the Silurian strata of

Gotland and through their large numbers they offer a great variety of forms, which

make it a most difficult task to distinguish specific groups neatly from each other.

The great variability of the ornamentation and the almost imperceptible passages from

one form to another highly increase this difficulty. The oldest notions of the Swedish

Oriostomata are those given by Beomell in his Lithographia p. 32, 36, where several

are described under the name of Cornu Ammonis, but only one clearly enough to be

identified, viz. J\S 21, »Ejusdem generis Nerititte majores» which is Oriostoma sculptum.

In the Lower Silurian formation of Sweden hitherto not a single species has

been found belonging to this genus. In Gotland the following sixteen species and va-

rieties have been detected and they may be divided in two groups.

A) with spire moderately prominent and the umbilicus deep and open.

1. Oriostoma discors Sow.

2. » var. rugosum Sow.

3. O. contrarium n.

4. O. globosum SCHLOTH.

5. O. « var. sculptum Sow.

6. O. coronatum n.

7. O. acutum n.

8. O. Wisbyense n.

9. O. angulifer n.

10. O. Roemeri n.

11. O. helicinum n.

12. O. alatum n.

B) with short spire and planorbiform shell, the whorls on the umbilical side

quite as much visible as on the apical one.

13. Oriostoma angulatum Wahlenberg.

14. O. lineatum n.

15. O. nitidissimum n.

16. O. dispar n.

Besides these species there is evidence of at least three species more through their

opercula, described below, but as no shell has been found to match them, they must

for the present be left undeterminated.

1. Oriostoma discors Sow.

Pl. XVI fig. 20—36, pl. XVII fig. 1—5.

Euomphalus discors 1814. Sow. Min. Conch. vol. I, 113, pl. 52 f. 1.

1837. Agassiz in Sowebby Gross Brit. Mineral Conch. 61, tab. 36.
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Turbinites cornu arietis

Delphinula cornu arietis

Euomphahts cornu arietis

Straparollus cliscors

Turbo cornu arietis

Polytropis cliscors

1839. Sow. Sil. System, 626 pl. 12 f. 18.

1843. MoKKis Catal. Brit. Foss., 144.

1847. MuRCHisoN Qu. Journ. Geol. Soc, 29.

1848. BiioNN Nomenclator, 479.

1854. Morris Catal. 2d Ed. 247.

1855. Mac Coy Palreoz. Foss. 298.

1868. Fr. Schjiiut Estland, 204.

1859. Salter in Siluria 3d Ed. 548, pl. 24. f. 12.

1867. Lindström Nomina, 23.

1873. Salter Catal. Cambr., 156.

1818. WahlExNbeeg Petref. Suec, 68, pl. III fig. 9, 10.

1828. His. Anteckn. IV, 257.

1829. His. Tabl. 10.

1831. Id. Tabl. ed. 2, 8.

1831. Id. Anteckn. V, 113.

1837. Id. Leth. Suec, 36, tab. XI fig. 6.

1841. Id. Förteckn., 55.

1848. Bronx Nomencl., 479.

1858. Fe. Schmidt Estland, 204.

1867. Lindström Nomina, 23.

1850. D'Orbigny Prodr. I, 29.

1850. Id. ibid., 30.

1881. De Kon. Faune Carbon. Belgique. II.iii, 107.

Shell discoid, spire short, or, in the variety called E. cornu arietis by Wahlen-

BERG, prominent, with six whorls, which are carinated on their inferior surface by

blunt, longitudinal keels of varying number and prominence, from three to eight in

the typical form. In the elongated variety there are three on the inferior surface,

but as many as eight on the umbilical one. The surface slopes from the lowest

keel towards the suture which is shallow. The keels are crossed by narrow, trans-

verse, undulated lines of growth, giving the surface an imbricated appearance. The

transverse striaj of the umbilical surface are curved sigmoidally and have grown out into

thin, prominent lamellse. The great amount of variation as to the ornamentation in

these shells may be gathered from the numerous figures given. The aperture is trans-

verse, its superior margin sigmoidally bent, the outer lip thin and notched or angu-

lated where the keels are formed, the inner lip is thick. The umbilicus is wide and

open and all whorls are visible. H. 23 mill. br. 73 mill.

It occurs at Länsa on Fårö, at Wialmsudd on Fårösund; in the upper limestone

beds of Wisby and in the shale of Wisby and rnost plentifully at Westergarn.

In the variety »cornu arietis» the umbilicus is relatively less wide and the course

of the strise on the umbilical surface is more straightly directed backwards. The

aperture is also more circular. H. 28 mill., br. 39 mm. Largest diameter of the aper-

ture 16 mill. It has been found at Länsa and Lutterhorn in Fårö, also at Alnäse by

Prof. P. T. Cleve, in the crystalline limestone of Wialmsudd, in the canal near West-

öös in Hall, Samsugn in Othem, Follingbo, Bara, Kristklint in Kapellshamn, Hörsne,

Martebo, in Kyrkberget in Wisby, at Walve ref, Westergarn and Klinteberg, thus chiefly

n the higher strata. The rule holds good in these, as in so many others, that the

spiral ridges are more prominent in small specimens or on the old whorls of the larger

ones and are apt to disappear on the larger and younger whorls.
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The variety figured pl. XVII f. 4 is in some way a transitional form to the

following.

2. Oriostoma discors Sow. var. rugosum Sow.

Pl. XVII fiff. 5—10.

Delphinula

Euomphalus riigosus

1811.

1814.

1839.

1843.

1847.

1848.

1854.

1855.

18G7.

1871.

1873.

1814.

1818.

1828.

1829.

1831.

1831.

1837.

1840.

1858.

1867.

1876.

1883.

Straparollus rugosus 1850.

Strajiarollus catenulatus 1850.

Euomph. angidosus

Helicites catenulatus

Delphinula catenulata

Euomphalus catenulatus

P.^RKi.NSON Org. Rem. III, 77, pl. VI f. 7—8.
Sow. Min. Conch. I, 113, pl. 52 f. 2.

Id. Sil. Syst., 626, pl. 12 f. 19.

Morris C.\tal., 145.

MuRcmsoN Qu. Journ. Geol. Soc, 29.

BaoNN Noraenclator, 481.

Morris Catal. 2d Ed., 248.

Mac Coy Palteoz. Foss., 298.

Salxee Siluria, Ed. 4, 532, pl. 24 f. 13.

Baily Charact. Br. Foss. pl. 21 f. 8.

Salter Catal. Cambr. Foss. 157.

SowERBY Min. Conch. vol. I, 114, pl. 52 f. 3.

Wahlenb. Petref. Suec, 72.

His. Anteckn. IV, 237.

Id. Tableau ed. 1, 10.

Id. Tabl. ed. 2, 8.

II). Anteckn. V, 114, tab. 1 fig. a.

Id. Lethpea. 37, tab. XI f. 9.

lu. Förteokn., 55.

Fr. ScHMiDT Esthland, 204.

Lindström Nomina, 23.

Feru. Eoemer, Letli. Geogn. pl. 14 f. 8.

Qdenstedt Petrefaktenkunde Deutschlands, le Abth. 7r Bd, 397, pl. 200 f. 90

(not tig. 91).

D'Orb. Prodr. I, 29.

Id. Ibid. 30.

Shell nearly discoidal, spire only a little prominent or turbinated, whorls six,

carinated by eight or ten longitudinal keels, interrupted on pretty equal distances by

large, sinuous lines of groAvth, which are elevated in a backwards reflexed fold at the

point where they meet the keels, giving in their totality an imbricate or roughly scaly

appearance to the surface. Between the larger lines, which are niuch distantiated,

the surface is sculptured by minute lines, parallel with them. The umbilicus is open

and the aperture circular with a continuous peristome of thin lips. H. 37 milL, br.

68 mill. The lips of the aperture are much unequal, the exteriör one being prominent,

the interiör, deeply insinuated, expecially at its superior corner, the distance between

both amounting to 28 millim. in one of the largest specimens. It occurs frequently,

though not so common as the former, in Fårö, at Wialmsudd, Samsugn in Othem,

Lännaberg in Slite, Möner in Boge, Stor Wede in Follingbo, Martebo, Kålens Qvarn

and Galgburget near Wisby, in the shale beds of that town, Östergarn both in the

shale and the limestone, Ardre, Bara hill, Linde, Klinteberg and Fröjel.

The range of variability is very wide within this group. Along with shells of short

spire, long spired or turbinate shells occur, and together with those of rare transverse

imbrication, there are others which have it dense. The specimens from Östergarn and

Klinteberg are commonly almost disciform, those from Samsugn with long spire and
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transverse irabrication dense. The oldest form from the lowest beds of the marly

shale of Wisbj^ (Pl. XVII f. 5—7) is turbinate, with only three longitudinal keels and

a low one around the umbilicus. The ornamentation is for the rest the same.

This Or. rugosum differs from Or. discors in the more distantiated, transverse

laminaj and in their folds being considerably refiexed backwards on the keels. Such

a variety of O. discors as that figured pl. XVII f. 1—2, connects both.

3. Oriostoma contrarium n.

Pl. XX fig. 8—15.

Shell sinistral, turbinate, with six terete whorls. The apex is sunken and the ex-

treme tip is hidden beneath the next whorls, fig. 15. The surface is transversally and

obliquely striated by regularly distantiated lameliar ribs, often dividing in two and

again uniting, a little wavy in their edge, which is sharp and thin. They are curved

sigmoidally upwards towards the umbilicus. The aperture is obliquely ovate or even

circular with thin lips and continuous peristome. The inferior part of the exteriör lip

is folded in and thus narrowing the aperture. The umbilicus is wide and large. It

is defined by a narrow ridge, which is most prominent in young or small specimens,

fig. 13, indistinct or only as a swelling in the older. The shell substance is thick,

especially in the body whorl. Owing to the different state of pi'eservation the aspect

of the surface varies, being corroded in some and only the basal lines of the lamellse

left, fig. 14- H. 24 millim., br. 41 millim. Another specimen has in h. 24 mill., br.

23 mill.

It has been obtained from the shale of Wisby, from the limestone beds of Länsa

and Lutterhorn in Fårö, Wialmsudd, Samsugn in Othem, the canal of Westöös in Hall,

Kyrkberget in Wisby and Hoburg.

4. Oriostoma glolbosum Schlotheim.

Pl. XVII, fig. 24, 25, 29—31, pl. XVIII, fig. 24, pl. XX, fig. 16.

? Valuata sulcata 1776.

Delphinula 1811.

Trochilites globosus 1820.

Euomphalus funatus 1823.

1839.

1843.

1848.

1849.

1854.

1855.

1858.

1862.

1867.

1871.

1873.

Walch, der Naturforscher, Neuntes Stiiok, 278, tab. IV f. 5.

Parkinson Organic Remains, 78, tab. V. f. 18.

Schlotheim Petrefactenkunde, 162.

SowERBY Miner. Conch. vol. V, 71, tab. 450 f. 1 & 2.

Id. Sil. Syst., 626 pl. 12 f. 20.

Morris Cat. Brit Poss., 144.

Bronn Nomeiiclator, 479.

Brown Illustrations of the fossil Conchologv of Great Britain and Ireland, 81, pl.

XLII figs. 24, 25.

Morris Catal. 2d Ed. 248.

Mac Coy Pal. Poss., 298.

Pe. Schmiijt Geol. Estl., 202.

M'CoY Sil. Poss. of Ireland, 13.

Salter Sil. ed. 4, 531, pl. 25 fig. 3.

Baily Charact. Brit. Possils, pl. 21 f. 9a, 9b.

Salter Catal. Cambr. Poss., 90, 157.



KONGL. SV. VET. AKADEMIENS HANDLINGAR. BAND. 19. K:0 6. 161

Skciiea funata 1828. Fleming Brit. Anim., 314.

Delphimila subsulcata 1829. His. Tableau ed. 1, 10.

1831. Id. Anteckn. V, 114, tab. I f. bb.

1831. Id. Tabl. ed. 2, 8.

Euomphalus suhsulcatus 1837. His. Leth., 37, tab XI fig. 10.

1840. Id. Förteokn. 55.

1867. LiNDSTR. Noraina, 23.

Straparollus suhsidcalas 1850. D'Orb. Prodr., 30.

Turbo funatus 1850. Id. Ibid. 30.

Shell moderately elongated, globular, with six ventricose whorls. The longitudiiial

Carinas vary in a high degree as to their number, size and ornamentation according

to the different localities and to the size of the specimens. On the bodj^ whorl there

may be as many as 14, of which those on the apical side are the largest. As a rule

it holds good that each alternate keel is of the same size, one more narrow, sometimes

scarcelj' perceptible, being sitiiated between a larger one. Each keel is composed by

a succession of imbricated, more or less crowded folds, which at the outer lip have

the aspect of shallow notc.hes. The smaller longitudinal stria; are thread fine, seldom

imbricated. Sometimes there are two of equal size beside each other. In young spe-

cimens the keels are smooth, not imbricated. The interspaces are crossed by träns-

verse lines, fine and coarse. In a variety from Hararaarudd in Kräklingbo the keels

are low and sharp and the lines of growth continue more sharply defined than in the

typical forms, at regular distances. The same variety also occurs in Fårö.

The aperture is circular, the lips are thin, the umbilicus is very narrow but

deep and confined within a sharp and prominent keel, outside Avhieh there is one still

larger, with a broad groove, scooped out between them. In several specimens the na-

creous lustre is still preserved on the nucleus, where the shell has peeled off. H. 37

milL, br. 53 inill.

The operculum, which has been found in situ in some instances, is disciform and

of a perfectly circular outline. See fig. 24. Its inner surface is bordered by an ele-

vated, narrow edge, section magnified pl. XVII f. 25. Inside this edge the smooth sur-

face is more or less excavated near the centre, for the rest it is flat. The exteriör

surface is more or less elevated near the centre in an obtuse top, having, when seen

from the side, a faintly concave outline. The different relations in size may be found

from the following dimensions. Operculum from Westergarn: height 4 mill., diameter

13 mill. Operculum from the hill of Sandarfve: h. 4 mill. diamet. 14 mill.

In the sculpture of the spiral lines they all nearly agree with those figured on

pl. XVII fig. 25 and pl. XVIII f. 24. These are very tightly wound and their spi-

rality is evident only by following one of them, else they look as if concenti'ic. They

are at least twenty whorls. The surface of these coils is obliquely crossed by a great

number of smaller, also elevated lines or coils; the uppermost are highest and more

prominent, the others decreasing regularly. This peculiar ornamentation is best shown

in thin sections, enlarged under the microscope as seen in the figure 24 pl. XVIII. It

is then evident that the spiral coils form narrow ridges, which are nearly vertical to

the diameter of the operculum and that the ornamental lines are most numerous on

the lower surface of the coil, the uppermost being largest and more wide apart. As
K. Sv. Vct.-Akad. Handl. Bd. 19. N:o 6. 21
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to its chief mäss the operculum consists of a compact, dull, gray liraestone nearest

the outside, but the interiör mäss is converted into clear, crystalline calcareous spar

and distinct lines in this indicate special strata of growth of which it is made up.

As seen in fig. 25 pl. XVII thin and narrow coils are alternating with larger

and the partitions are more deeply cut, than in any of the other forms of opercula

and the lobes directed vertically.

O. globosum has been found in the shale beds of Wisby, Westergarn, Stora

Carlsöj Petesvik, Burge in Fardhem, at the canal from VVisne myr, Ejmunds å, Slite,

Hall, Lutterhorn and Länsa on Fårö, Hammar in Kräklingbo, in the limestone beds of

Gothemshammar, Ganthem, Rute, Wialmsudd, Samsugn, Martebo, Hörsne, Klinteberg,

Lilla Carlsö and Sandarfve kulle, Fröjel.

The operculum has been found in the shale of Wisby, FoUingbo, Sandarfve kulle,

Eksta (Djupvik), Westergarn, Linde klint and Slite.

It seems that this common and widely spread shell has been first described by

Walch as cited above, when he writes »Von der versteinten valuata sulcata des Rumphs.»

»Das Original des gegenwärtigen koramt . . . mit der iu)ter Num. 5 daselbst (in Rumph's

work) befindlichen valuata sulcata sehr genau iiberein. Das Petrefact ist aus dem
Mecklenburgischen, weiss von Farbe und hart versteint». The accompanying figure may
well be accepted as representing Or. globosum. Through the liberality of Professors

Beyrich and Dames of Berlin I have had for inspection the very original specimen of

Schlotheim's Trochil. globosus, which is kept along with his other collections in the

Museum of the University of Berlin. On the original label is written »aus Gothland

in Uberg (ängs) Kalkstein». It is badly preserved, to a great part imbedded in the

rock, a ball of limestone from the shale beds, possibly of Wisby or Stora Carlsö. It

belongs to a variety with only few keels on the umbilical side and the transverse striaä

much distantiated. It is indeed quite the same which låter by Sowerby was named E.

funatus, which name, although long used, must give way for the older of Schlotheim.

I cannot decide whether Euomph. funatus Eichwald Leth. rossica I, 2 p. 1152

belongs to this species or not.

5. Oriostoma globosum, var. sculptum Sowerby.

Pl. XVII fig. 41—42.

Nerititse majores, striati et juxta longitudinem spirarura quasi suloati, Bromell 1738 Lithogr. Sueo. p. 36.

Belphinula fuiiata 1829. His. Tabl. ed. 1, 10.

1831. Id. Ibid. ed, 2, 8.

1831. Id. Anteckn. V, 114.

Euomplialus funatus 1837. Id. Lethsea, 87, but not the figures pl. XI fig. 11, which are copied fi-om Sower-
by's E. funatus Min. Conch. pl. 450.

1840. Id. Förteckn., 55.

Euomphalus saulptus 1839. Sow. in Sil. Syst., 626, pl. 12 fig. 17.

1843. Morris Catal. Brit. Foss. 145.

1848. Bronx Nomencl. 481.

1854, Morris Catal. Brit. Foss., 248.
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Euomphalus sculptus 18.55. Mac Coy Palseoz. Foss. 299.

1862. Id. Sil. Foss. Ireland, 14.

1867. Saltee Siluria 4th Ed. 532, pl. 9 f. 27, pl. 25. f. 2.

1873. ID. Catal. Cambr., 90, 157.

Turbo momus 1850. D'Orb. Prodr., 50.

Eiwmphalus laittus M. Coy, Sil. Foss. Ireland, 14, pl. 1 fig. 12 belongs possibly also to this species.

Shell with short or only slightly prominent spire of five ventricose wliorls. The
surface is covered b}' numerous, closely set, revolving lines, alternately lai^ge and nar-

row, the larger attaining twice the size of the lesser. They are generally so densely

packed that there is no space left between them. The transverse lines of growth form

on them crescent shaped notches, one for each line. The aperture is circular, the lips

are thin and the umbilicus is narrow and open. H. 34 raill., br. 44 mill.

There are so many transitional forms, connecting this species with the former

that it is indeed a necessity to merge them into one and same species. In Siluria,

3d Ed. p. 236 Salter says that Eu. sculptus »appears to be only a variety of Eu.

funatus». R. Etheridge jr (Ann. Mag. N. H. 5th Ser. vol, 7 p. 31) also inclines to

regard both forms as identical, though his opinion that »sculptus» may onlj- be the young
condition of Eu. funatus cannot be upheld, as we have specimens of sculptus quite as

large as »funatus». Moreover the opercula are not different. I have such from Djup-

vik in Eksta and they only slightly differ from that figured on Pl. XVII f. 2.5. The

dimensions are in one specimen: height 3 mill., diam. 9 mill.

The chief distinguishing feature of this Or. sculptum from Or. globosum is the

great number of its revolving keels, which in some specimens amount to as many as

fifty. Through their proximity or their distance many gradations in sculpture arise.

The same is the consequence of the different fineness or coarseness of the transverse

strife. In some these stri» are prominent and distantiated, in others fine, perhaps corro-

ded, the first coinciding with the presence of distantiated revolving keels, the låter

with the narrow and numerous keels. But however dissirailar in sculpture, they all

have the same operculum and around the narrow umbilicus there are two elevated

keels as in Or. globosum. The more globose shells have a greater number of keels,

closely crowded and there is consequently a continuation of frills on the surface.

In specimens from the same locality the amount of variation, especially in the

sculpture of the revolving keels, is very great, nay, even in the same specimen sculp-

tured keels alternate with almost smooth ones. But these, especially in the »sculptum»

forms, show a very fine and microscopically rainute, transverse ornaraentation, which

of course is through corrosion destroyed in exposed localities and thus causing a smooth

surface. Of the »sculptum» group there may be thus discerned at least two minor sub-

divisions.

1. The shell has no less than fifty longitudinal keels, but in common with the

other varieties a belt near the suture without any revolving keels and in the wide and

deep umbilicus, environed by keels. This has been found in the canal near Westöös

in Hall, at Fårösund, and in some specimens at Samsugn, Othem. A nearly similar

variety occurs in the shale of Djupvik in Eksta and Wisby, with some 25 longitudinal
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ridges and more finished sculpture than in the former. Also found ut Länsa and

Lutterhorn in Fårö, Sändvilc at Fårösund, Klinteberg and the shales of Stora Carlsö.

2. There is an interinediate variety between this sciilptuin and Or. globosuni from

Martebo, and from the marly limestone beds above the shales of Eksta and also Lilla

Carlsö. It has the ridges distant on the apical surface, crowded on the umbilical, thus

combining both the funatus and sculptus characters in the same specimen. This has

also been found in Martebo, Samsugn, Slite, Medebys in Hall, Sproge and Hoburg.

Although HisiNGER copied Sowerby's iigures of E. funatus, as seen by comparing

their figures^), he, in his own collection, partly gave that name to the shell which So-

"WERBY låter denominated as Eu. sculptus. The English authors refer to »sculptus» spe-

cimens with nuinerous crowded keels, but in that number possibly several different

species may have been confounded. M'Coy- Brit. Pal. Foss. p. 299, says »that the ab-

sence of the transverse scale like sculpturing and the . . . more numerous ridges, easily

separate this from the E. funatus». It is indeed most bewildering to discern in all

this mäss of similar and yet, as their opercula prove, specifically different forms and

mistakes can scarcely not have been avoided in my arrangements of them.

6. Oriostoma coronatum n.

Fl. XVII lig. 11—16, 18—22.

Shell large, globular, turbinate, spire short, whorls tive, ventricose, angular throngh

the many projecting keels with perpendicular walls between them. On the body whorl

there may be seen as many as seven or even nine keels on the exteriör side from the

suture to the highest point of the umbilical side and on that side at least iive. Smal-

ler keels intervene between them. The large keels are crenated by blunt spines, for-

med by regularly distantiated, oblique folds, causing the often ocurring cone in cone

structure. Where these folds are perfect, their edges are considerably thin, a little

forward bent or generally having the shape of small crescents. The interstices, which

are nearly five times as large as the keels, are almost smooth, transversally striated

by microscopically minute lines, directed obliquely, or nearly perpendicular, backwards

from the suture to the umbilicus. The aperture is circular, the outer lip thin, the in-

ner lip thickened, almost reflexed. Around the umbilicus there is a deep and broad

groove (fig. 14) bounded by two high and prominent keels, of which the interiör one

is short and forms the nearest enclosure of the narrow, spirally wound umbilicus.

H. 40 mm. br. 53 mm.
The operculum is very frequent and has in some instances been found in situ.

It is button shaped, perfectly circular, more or less elevated. The dimensions are in

four specimens fi"om Ostergarn as follows:

1) Diam. 20 mm. Height 8 mm.
2) » 20 » » 10 »

3) » 15 » » 6 »

4) » 21 » » 6 »

') SowERBY Miner. Conohol. pl. 450 fig. 1 (the uppermost one) and fig. 2 (but reversed and restored in

Lethsea 1. c),
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The inside is bordered by an annular callosity (tig. 18) and the enclosed area

is glossy, sculptured by numerous, microscopic striaä, concentric in a zone nearest the

börder, in the centre spirally curved, where also the surface is somewhat excavated.

On the outside the numerous coils are rather flat and broad, as shown in tig. 16, on

their inferior face ornamented with some fine, concentric striaj below a larger one.

Their appearance in a transverse section is given in fig. 22, to be coinpared with that

of Oriost. globosum in fig. 25. The lobes of the sectioned coils are broad and short,

with low divisions between thein and their tops only finely jagged by the parallel lines.

This shell, as well as its operculuin, has been found most numerous in the lower

limestone beds of Östergarn, also in Ardre, Gothera, in the Rhizophyllum beds uear

the church of Lau, and in the limestone beds of Lindeklint.

It is distinguished from its congeners through its more richly sculptured keels,

nearly smooth interstices, only finely sculptured and by the peculiar operculura.

From the subjacent shale beds, such as they are in the canal of Wisne myr in

Fardhem, I have obtained specimens of a shell nearly resembling O. coronatum. In

some, however, the sculpturing is intermediate between this and O. funatum.

From Martebo numerous specimens of an operculum have been obtained, which,

however deviating, still, through certain common details of shape, prove to be related

to the operculum of Or. coronatum. Pl. XVII figs. 32—35. The shell to which it

has belonged is for the present not known, though the operculum is far from being

rare. In its form it resembles as nearly as possible the modern artillery projectiles,

being elongately conical in outline, fig. 32. They commonly have the same height as

the diameter or sometimes higher. Some are constricted transversally along the median

line. The dimensions of three specimens are:

1) Diam. 13 mill. Height 16 mill.

2) » 13 « » 11 »

3) » Il » » 10 »

The coils on the outside are directed obliquely outwards or nearly parallel with

the diametral axis of the operculum and are considerably shorter and broader than

those of Or. globosum.

The narrow, ornamental lines which are crowded on these coils, fig. 34, are most

numerous and prominent on the inferior side, short and scarce on the upper half

of the coils. On the inner side the annular edge is prominent, the centre deeply ex-

cavated and the spiral distinct. A similar operculum has also been found in the up-

per limestone beds of Slite.

Mr Rob. Etheridge jr has described and figured^) several opercula of which some

are identical with the Gotlandic. Figures 9 and 9areally represent one of the conical

opercula from Martebo which I once sent to the British Museum. In fig. 12 an oper-

culum is seen, nearly corresponding with that from Westergarn, figured in my plate

XVII fig. 24. Fig. 14 probably repi-esents one of the »sculptum» varieties, as Etheridge

also believes, though with some hesitation. But it is only the impression of the inner

') Ann Mag. N. H, 5th Ser. vol. 7, p. 25 pl. II.
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side of the operculum on the liraestone or shale, which forms the nucleus of the shell.

That it is only a cast and not the operculum itself, raay be found by comparing the

inside, drawn in fig. 9 of Etheridge's plate, with fig. 14. Quite similar impressions

have been found in several specimens in Gotland. The Oriostomata figured by the

Etheridge in figs. 10— 11, much reserable O. sculptum, but the opercula seem to deviate

in shape as well as in sculpture from that, which with absoluta certainty is known as

belonging to that species. The operculum, fig. 13, is possibly identical with one from

Hogrän. Mr Fred. Smithe has also given a notice with figures »On the opercula of

the Silurian Gastropoda» in the Proceedings of the Cotteswold Naturalists Field Club

for 1877—78 p. 62. The specimens figured are evidently badly preserved and belong

to some unknown species, the shell of which resembles Or. sculptum, but the sections

given of the operculum show (figs. 3— 4) that it cannot belong to that species.

Baily ') has given a figure of the operculum of »Euomphalus funatus Sowerby»

but it seems to be difPerent from that described above, and rather more loosely coi-

led, resembling that in fig. 44 pl. XVII of the present memoir.

Lately Whiteaves ^) has described two opercula, of which, at least one, pl. III f.

II & pl. VII f. 7, comes near to that of Or. coronatum. The second operculum, pl.

III f. 10, again, is nearly related to those of Cyclomena described below.

7. Oriostoma acutum n.

Pl. XVII fig. 37—40.

Shell globose, turbinate, with spire of six ventricose whorls, angular through the

projecting, narrow, revolving keels. On the apical surface there are three keels, sepa-

rated by large interspaces, on the umbilical side they are much crowded, amounting to

ten before the first umbilical rid2:e is attained. Between this and the interiör umbili-

cal ridge some five or six smaller ridges lie in a gently excavated, large groove. The

innermost ridge closely environs the deep and narrow umbilicus. All these revolving

keels are almost smooth, with sharp or rounded edge, only finely notched by minute,

transverse strife. These are in the interstices directed backwards and so fine that only

a few, regularly distantiated ones are perceptible without a lens. Between them the sur-

face looks nearly smooth, but is in reality finely striated. The aperture is circular

and both lips are thin. H. 37 mill., br. 45 mill.

But for the find of the operculum of this shell in situ, it might easily enough

have been mistaken for a variety of O. globosum, from which it, however, differs

through the minute, transverse strite, the regular angularity of its apical side and the

regularity of the umbilical funnel. The operculum is acuminately conical, nearly of

the same height as breadth. The inner side is almost flat, the bordering edge is nar-

row and low, the central whorl is nearly on a level with the other surface and through

corrosion any sculpture, if formerly extant, has been destroyed. The coils on the out-

side are exceedingly narrow and close. They are formed like the sharp, thin, knife like

') Figures of Charact. Brit. Fossils pt. III pl. 21 fig. 9 b.

-) Geol. Survey of Catiada. Palaeoz. Fossils, vol. III pt I, p. 33.
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whorls of a screw, giving the outline of the operculum a serrated appearance as shown

in the sections 39 & 40. They are directed rectangularly to the longitudinal axis of

the operculum or only slightly curved upwards. They are quite sinooth without any

smaller, ornamental lines- The dimensions of the operculum are in two specimens:

A. Height 11 raill. Br. 12.

B. » 10 » » 14.

In Martebo almost the same type of operculum has been found detached without

any shell pertaining to it. Pl. XVII fig. 36. It deviates, however, in having the coils

more distantiated.

Or. acutum has been found in many fine specimens in a seam of marly limestone

at Slita, along with several opercula, of which one m situ. It has also been found in

a few specimens at Lännaberget of Slite.

With an operculum so deviating from that of the other Oriostomata, it raay in-

deed be questioned whether this species does not belong to another generic or subge-

neric division, what must be left for future researches to decide.

8. Oriostoma Wislbyense n.

Pl. XVn f. 26—28, 45—46.

Shell globular, turbinate, small, of six ventricose whorls. There are only few

longitudinal keels, two lai'ger on the apical surface, the lowest leaving a smooth belt

between itself and the suture. They are sharp, narrow and prominent, a little jagged

by irregular notches. Next them follow at equal distance two smaller keels around

the median line of the body whorl and then on the umbilical side a large belt inter-

venes, with only faint indications of a few longitudinal lines. Around the umbilicus

two large keels leave between them a nearly smooth zone, only finely transversally

striated. The transverse strite are gently inclined backwards, somewhat thick, swollen,

in other parts fine. All specimens, found in two localities, agree in all particulars and

are thus constant in their characters. The umbilicus is wide and deep, showing all

whorls. H. 18 mm., br. 18 mm. Spec. B. H. 14 mm., br. 17 mm.
The operculum, which has been found in situ in one specimen and in several

detached specimens, is in the largest specimen of a combined cylindrico-conical shape,

being from the base and a while upwards cylindrical, then at the top changing into a

conical shape. The inner side is bordered by a rather broad and elevated edge, the

enclosed surface smooth, deeply sunk towards the centre, where the whorl is situated.

The numerous coils of the outside are more distantiated than in the preceding, with

their edges directed upwards. All stria3 decorating them have now disappeared, if

once present, and in a section the whorls consequently only show as distantiated, blunt

teeth. H. 5 mill., br. 12 mill. One specimen, pl. XVII f. 47, possibly belonging to a

different species is elevated and regular, acuminately conical, h. 6 mill., br. 7 mill.

From the shale of Wisby numerous opercula have been found, closely resembling those

now described, pl. XVII f. 43—44, and almost entirely changed into iron pyrites. Their

coils are however more thick and less numerous. When seen in a section they are nearly
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horizontal, triangulär. The contour of the whole operculum is also mure cylindrical.

The inside is a little inore deepened than in the others. The shell to which it has

belonged is not yet known. H. 8 rnilL, br. 8. mill.

Oriost. Wisbyense has been found in the middle limestone stratum of Wisby and

at Kålens Qvarn.

9. Oriostoma angulifer n.

Pl. XX fig. 17—21.

Shell turbinate, globular with moderately elongated spire, of six angular whorls,

the lower snrface of -which forms the spire into au evenly sloping cone, intersected by

the narrow and deep suture. There are from three to four fine and acute keels on

the body whorl, one near the sutural groove, one a little below the median line of

the "whorl and one around the umbilicus. Between the two låter there are on smal-

ler specimens one more and indications of yet smaller ones. The transverse striation

of the surface is microscopically minute and consists of nearly vertical, straight stria3.

The aperture is polygonal, higher than broad with thin lips. The umbilicus is wide

and open. H. 6 mill., br. 8 mill.

Six specimens have been found in a soft, gray limestone from a canal near Her-

revik in Ostergarn. This little shell comes near to Or. Wisbyense through its few

keels and the deep umbilicus and also reminds of Oriostoma angulatum with its an-

gular contour, fine ornamentation and deep suture.

10. Oriostoma RcBmeri n,

Pl. XVIII f. 22—29.

Euomphaliis cornu arietis 1838. Angelin Museum Palaeont. Svecic. JV? 10.

Euomphalus funatus 1867. Lindström Notnina, 23.

1876. Ferd. Eoemer Letli. Geogn. Atlas pl. 14 f. 12.

Shell turbinate, globular, with six ventricose whorls. The longitudinal ornamen-

tation predominates entirely and the surface is consequently covered by chord like

keels, going close from the suture to the umbilicus, as many as 43 in some specimens.

They are all nearly of the same size, only a few narrow are mingled Avith them. They
continue without interruption close to the suture, Avithout there leaving any zone free.

The transverse striation is visible as scaly, crescent like indentations on the revolving

lines, which sometimes are as if cut up in a great number of thin laminas. These

transverse imbrications vary much as to proximity and shape, being, when close to-

gether, only as lameliar crescents, when more wide apart, as longitudinal tubes, cone

in cone shaped. There are no ridges around the umbilicus, more elevated than the

other ridges. The umbilicus is narrow and partially hidden by the reflexed börder of

the inner lip. The aperture is circular and both lips are thin. The shell is very thin

and it is almost impossible to find a specimen which is not crushed or distorted. On
the nucleus fine traces of the interiör nacreous coating are seen. H. 30 mill., br. 36
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mill. This is the cominon proportion, but in a few instances the shell is so much
elongated, as to be higher, thaii broad, fig. 25, h. 40 milL, br. 34 mill.

Of the operculum of this species the State Museum in Stockholm possesses three

specimens in situ, of which two are too fragmentary for description. In one shell

there is the impression of the interiör side on the nucleus. A cast in plaster of Paris

shows that this side nearly resembles that figured on plate XVII fig. 35, the central

whorl being larger, the marginal rim flattened and the central concavity not so deep.

It is probable that the outer side, which is not preserved in any specimen, also re-

sembles that of Or. globosum.

This species is very common and is indeed the most characteristic one in the

shale beds around Wisby and also in the overlying limestone. A few specimens

have also been found in the shale beds of Gnisvärd and Westergarn, proving the con-

temporaneity of these strata with those of Wisby. There are also single specimens

from the upper and lower strata of Hallshuk.

Or. Roemeri, which easily might be confounded with some of the varieties of

Or. sculptum, differs from them through the continuity of the longitudinal ridges close

to the suture, while they are somewhat more distantiated in the låter and there is a

space left free without any revolving lines between the lowest keel and the suture.

The umbilicus is narrow in Or. Roemeri, wide and open in O. sculptum and environed

by two higher ridges, while in Or. Roemeri all ridges are of the same size.

Besides the opercula, which with absolute certainty can be referred to the prece-

ding four species or are most nearly related to them, there are some others which

belong to unknown species of other genera, also unknown, but probably of the same

faraily. They may be described here in connection with the former.

1. Pl. XVII fig. 53—55. Four specimens of this variety have been found in

the middle limestone beds of Wisby. They are regularly circular, depressed, nearly

flat, thin, attaining their largest thickness around the borders and at thinnest in the

centre. Section fig. 54. The coils on the outside are rather irregular or, as it were,

occasionally evanescent, thick and coarse around the margins, narrower and more indi-

stinct near the centre. The marginal coils are obscurely ornamented by finer, con-

centric lines. On the inside, which is shallow and concave there is no elevated annular

rim as in the preceding type, the whole surface is sloping without interruption, smooth

and glossy, to the centre, where a broad, faintly distinguished whorl is seen. Diam.

13 millim., thickness of margin 2 millim.

2. Pl. XVII fig. 56. A single specimen with the inside affixed to the rock has

been obtained from Samsngn in Othem. It is of obovate outline, flat, the numerous

coils are coarse and angular. A section, fig. 56, reveals that they are narrow lamells,

inwards bent, at largest near the margin and diminishing towards the centre. It is

thickest along the margin. Longest diameter 18 millim., the shortest one 15 mill.,

thickness at the margin 2 millim.

3. Two specimens from the upper limestone of Hogrän. The outline is obo-

vate, the outer side, the only one accessible, is entirely flat, without any prominence
K. Vet. Akad. Handl. Band 19. K:o 6. 22
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iiear the centre. It is extremely thin, inore so thaii in the preceding two forms. The

coils are narrow, numerous and regular. Their sides are ornamented by numerous, thin

and narrow lines, nearly parallel with the coils, but sectioning thein in slight obliquity.

Longest diameter 12 millim., shortest diam. 10 mill. Thickness of margin scarcely 1

millira.

If these three forms of opercula belong to a common generic type, as I think,

the following one differs so essentiaDy from them, that it must be regarded as belong-

ing to an other genus, which for the present is quite as unknown as the former.

4. Pl. XVII fig. 57. From the shale beds near Wisby four specimens of the lar-

gest operculum known in Gotland, have been obtained. But only the outside is visi-

ble, the extremely thin shell firmly adhering with the inside to the soft shale. It is

circular, flat, covered by thick laminar, elevated, spirally wound coils, in all twelve.

They have broad bases and obtuse tops. They leave between them deep interspaces,

nearly as large as themselves and they lean with their tops towards the centre. The

largest diameter is 32 mill. and it must consequently have appertained to a very large

shell, possibly to Cyclonema? giganteum, of which a few specimens are found in the

same beds.

The opercula of the Oriostoma pattern have soraetimes been compared with

those extant in several recent genera as Torinia and Omalaxis. The operculum of

Torinia is, however, constructed upon a quite different plan, its inside is wholly dis-

similar, protruding in the centre in a rod like prolongation, while the operculum of

the pala^ozoic shells is sunken in the centre. Moreover, both Torinia and Omalaxis

have entirely chitinous opercula, whilst the palasozoic ones evidently from the beginning

were shelly. I have not found any other opercula resembling the palgeozoic ones more

than that figured by D'Orbigny in his »Paléontologie Franqaise, Terrains Crétacés», pl.

186 bis, f. 18— 17 and which, according to him, 1. c. p. 228, has belonged to unknown

species of Turbo. It comes nearer to those of Cyclonema, than those of Oriostoma.

D'Orbigny remarks that the coils are »tres rapprochés, comme chez les Trochus pro-

prements dits». And, in fact, the opercula of Cyclonema, of which see below, in a

nigh degree resemble the operculum of the Trochoid Livonia as to the outside, espe-

cially in the ornamentation by fine, oblique lines.

11. Oriostoma lielicinum n.

Pl. III tig. 27—31, Pl. XX fig. 30—33.

Shell globular, heliciform, with short spire ending in a blunt point, whorls four

and a half, convex; suture shallow. Ornamentation consisting only of a succession of

fine, transverse lines bending backwards on the median line of the last whorl and then

again forwards on the umbilical side, very close and with smooth interstices. They

are arranged as it were in small groups divided through shallow furrows which give

the shell a wavy contour. There are absolutely no traces of any longitudinal lines even

in the best preserved specimens and the surface of the whorls is glossy and shining
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with a brownish tiiit. In other specimens again there are very distinct bands of the

original colour left, transverse, at regular distances, brown on the white surface of the

shell, parallel with the sculptural lines. The aperture is circular and its rim not con-

tinuous, interrupted at the interiör lower corner. Outer lip thin, the interiör one with

a somewhat callous börder, uinbilicus narrow and deep, entirely open and defined along

its periphery by a low and narrow ridge, which inwards sinks perpendicularly and

meets the sloping funnel of the uinbilicus.

Dimensions: height 15 millim., breadth 18 millim. Aperture: high 11 millim.,

broad 10 millim.

From Samsugn in Othem, the canal near VVestÖös, Halls huk, in the uppermost

stratum and from Wialmsudd.

12. Oriostoma alatum n.

Pl. XVI fig. 14—19.

Shell disciform, whorls rather transversall}" dilatated, increasing rapidly in width

from the minute apex of three whorls. Whorls in all six. A narrow, laminar, sharp

edged keel divides the urabilical and the apical surfaces and thus gives the shell a

slight resemblance to Pleurotomaria alata and the allied species- But in this species

the laminar keel is solid and the transverse strias continue in the same direction on

both sides of it. Parallel with the keel there run some tive narrow, thread fine lines,

equally distantiated on the apical side and, likewise on the umbilical side, five, though

more indistinct. The transverse strite are distinct, rather coarse and regularly directed

backwards. The aperture is transverse, obovate, the outer lip on the middle of its

height thickened by the keel, else thin, the interiör lip thin, only expanded and thicker,

where it joins the whorl. The uinbilicus is wide and so open that all whorls are

seen inside it. Specim. A, h. 14 mill., br. 23 mill.; B, height 10 milL, br. 24 mill.;

sp. C, h. 14 mill., br. 44 mill. One specimen has been obtained from the middle li-

mestone strata near Wisby and three from the higher strata of Kyrkberget in Wisby.

13. Oriostoma angulatum Wahlenbeeg.

Helicites supra-angulatus 1818.

1818.

1828.

1829.

1831.

1831.

1848.

1837.

1840.

1867.

EuomphJ supra-angulatus 1837.

1848.

Straparollus angulatus 1850.

Helicites angulatus

Euomphalus angulatus

Inachus angulatus

Pl. XX fig. 34—41.

Wahlenbeeg Petref. Tell. Sv., 72 1).

ID. ibid., 73.

His. Anteckn. IV, 237.

Id. Tableau ed. 1, 10.

ID. ib. ed. 2, 9.

Id. Anteckn. V, 114.

Bronn NomenoL, 478.

HisiNGER Leth., 37, tab. XI f. 12.

Id. Förteckn., 65.

LiNDSTR. Nomina, 23.

His. Leth., 37.

Bronn Nomencl., 482.

D'Orb. Prodr., 30.

') En-ore Helic. supragrayiulatus pro Hel. supraangulatus apud Bronn Nomenclator p. 5 72, 1848.
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Shell discoidal, planorbiform, spire of eight whorls, depressed or only sliijhtly

prominent. Whorls cylindrical, terete with several sharp keels, which are more pro-

minent and distinct in young specimens than in older, where they are more or less

obliterated. On the apical side there are two sharp and prominent, narrow keels, lea-

ving a flat band between them, one close to the suture, the other and larger on the

outside. Between the interiör keel and the next whorl a deep, narrow groove is going

and the innermost apical whorls are in many instances sunk as a shallow depression.

The middle of the body whorl and also of the others is encircled by a highly acute

keel and on the umbilical side there are at least three such, forming between them

sharply marked facets, of which the lowest is abruptly turned down. On the umbi-

lical side there are thus at least four different faces. The apical keels disappear du-

ring the continued growth of the shell and instead of the seven original keels there

are on the body whorl finally only four or five on the umbilical side. The contour

of the whorls is, when all keels are present, a regular octogon, fig. 37, as the surface

between the keels is nearly straight or only slightly concave. The fine, transverse strise

run almost straight down över the keels, only a little bent forwards on the keels. In

fullgrown or large specimens the aperture is circular and the umbilicus is wide and

open, more so than in most of the other shells. There is some variability, for instance

in several specimens from Follingbo, where the whorls on the apical side are so much
sunk, that there is a spire on the umbilical side. In some there are no keels at all

on the larger whorls, not even near the umbilicus, and the whorls are uniformly tu-

bular. There is also a tendency in the body whorl to disjoint itself from the other

whorls, as remarkable in specimens from Fårösund. Br. 66 mill., h. 18 mill.

The figure given by Hisinger of his Inachus angulatus is bad and exaggerated.

There ai"e four specimens with Hisinger's hand named thus in his own collection, of

quite the same variety as mine. But the type specimen of his figure is not ainongst

them, it is probably from the Museum of Upsala. That Wahleni5erg's Helicites supra-

angulatus is identical with this species, is corroborated through his type specimen,

which I have been able to see through the kindness of Prof. Cleve and it quite agrees

with the large specimens from the limestone of Wialmsudd.

Salter^) says that »Inachus angulatus Hisinger, is probably an extreme form of

the group (of Trochonema) with a greatly depressed spire». This statement can hardly

be accepted and the fossil in question is here retained within Oriostoma. It may
through future researches be decided whether it should not rather be placed with the

Euomphali, from which it, however, differs in the want of any notch in the last whorls

and the concomitant ridges. The transverse strise are, moreover, hent fo7'ioards on the

keels, not backwards.

This is a very abundant and well preserved shell in some localities: Länsa and

Lutterhorn of Fårö, Wialmsudd and Sandviken at Fårösund, Länna near Slite, Sams-

ugn in Othem, Qvarnbacken of Slite, Kylley, Enholmen, Barabacke, Follingbo, Kålens

Qvarn, Wisby in the uppermost limestone, Klinteberg, Stora Carlsö near Altaret. It

thus occurs exclusively in the uppermost, crystalline limestone.

') GeoL Survey of Canada, Cauad. Org. Remains, Deeade I, 27.
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14. Oriostoma lineatum n.

Pl. XX (ig. 42—44.

Shell discoid or nearly so, with short spire of five ventricose whorls. The suture

is deep and the surface is uniformly lineated by thread fine, elevated, narroAv, longi-

tudinal ridges continuing without interruption from near the suture to the upper mar-

gin of the umbilicus. They are a little larger and more distantiated on the rounded, middle

line of the shell. The interstices between them are nearly smooth and the transverse

lines which cross them are straight and minute, only in the umbilical opening they

are more prominent. The aperture is circular with thin lips and the inner one clo-

sely moulded to the preceding whorls, the umbilicus is wider than in any of the other

species, with all whorls visible. H. 16 milL, br. 44 mill.

In the Palceontological State Museum of Stockholm twelve specimens are preser-

ved, all from the limestone of Klinteberg, and four from the uppermost limestone of

Fröjel. From the limestone beds nearest above the oolite in Wamlingbo I have ob-

tained a fragmentary Oriostoma, which somewhat resembles the preceding. The trans-

verse strife are wavy and coarse, and there seems to be a deep groove along the su-

ture on the apical side. It forms probably a new species.

15. Oriostoma nitidissimum n.

Pl. XXI fig. 4—10.

Shell small, disciform, apex on a leve! with the outer whorls; five whorls in all,

evenly rounded without any keels or longitudinal sti'iation at all. They are transver-

sally and most finely striated by straight lines, running to the open umbilicus. The

suture is shallow. The aperture circular and the lips thin. H. 3 mill., br. 8 mill.

It is very common in the red limestone of the hills of Sandarfve and Linde and

a few specimens also from the gray limestone. A shell occurring in the limestone of

Stor Wede in Follingbo is probably only a variety of this. It is more ventricose in

the body whorl, the umbilicus is more narrow, and the perpendicular striation is not

so dense as in the other form.

16. Oriostoma dispar n.

Pl. XXI fig. 11—14.

Shell planorbiform, low on the apical side as well as on the umbilical one and

excavated on both sides. Whorls five and a half, rounded on the apical side, flatte-

ned on the umbilical one and there provided with a prominent keel in the margin.

The transverse stria are distantiated on the umbilical side, finer on the apical side,

and directed at first backwards near the suture, then straight down, past the keel and

on the umbilical side forwards. The aperture is nearly circular, a little angular through

the outgoing keels. H. 2 mill., br. 7 mill. A single specimen has been found in the

limestone of Follingbo.
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Gen. CYCLONEMA Hall.

Gydonema 1852. Hall Pal. N. York vol. II, 89.

Shell turhinate, lohorls ventricose, finely striated or carinated by longitudinal ridges,

wliich are niore developed than the transverse ones, which often are wanting. The shell has

been nacreous, as can be seen by the traces left hy the interiör stratum on the nucleus.

The operculwn is broadly conical, with some ten large coils outside, ivipressed by a shallow

groove along their superior börder and streaked by oblique, transversal lines.

This genus comprises Litorina like shells, which differ from Oriostoma chiefly

through their operculum and through the regularly predominating, longitudinal orna-

mentation. In consequence of their characteristic operculum, which so much resem-

bles that of the Turbinida3, they cannot any longer be regarded as Litorinaä as Stoliczka

has proposed.

In the strata of Gotland twelve species- have been found and in the Lower Silu-

rian of Dalecarlia and of Öland there have been detected some well preserved speci-

mens of this genus.

1. Cyclonema delicatulum n.

Pl. XV figs. 27—44.

This shell, being one of the raost common and characteristic of the Silurian for-

mation of Gotland, is, as may be seen by the many figures and b}' the dimensions be-

low, one of the most variable, with forras ranging between elongate Murchisonia like

shells to depressed globular ones like Natica. But the many transitional forms and

above all the characteristic ornamentation unite them. They are, moreover, found in

the same stratum and often on the same locality. The most common variety is ligu-

red on plate XV fig. 28. It has four or five whorls, ventricose, with deep suture.

The body "whorl is almost as long as all the others taken together. The ornamenta-

tion of the surface is a most delicate net work of fine, sharply elevated spiral lines

and equal sized transverse lines, which intercross them and at the meeting point form

a small blunt tubercle. The surface of each quadrangle, enclosed by these lines, is

with the aid of a magnifying lens seen to be minutely and transversally lineated. The

figures 42—44 on pl. XV, shoAv how the form of these quadrangles varies in different

species according to the distance and position of the crossing lines, being elongate or

equal sided or transverse. Besides the now mentioned, prevalent type of the shell, there

are more elongated ones, of 6 or 7 whorls, the body whorl being equal to a third of

the whole length. The most extreme of the elongated ones is figured. In figures

40—41 the outlines of its antipodes are given, almost globular with enorraously large

body whorl and short spire. The specimen figured on pl. XV fig. 45 is probably only

a corroded specimen of this form from the shale of Wisby.

The aperture is rounded, the exteriör lip sharp and thin, entire, the inner one

thin, reflexed. There is no umbilicus. The common variety has in length 12 mill..
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br. 10 mill. One of the extreme varieties is in length 14 mill., hr. nearly 14 mill.,

height of aperture 10 mill. Another, the opposite extremity is 26 mill. in height and

it has probably, when the apex was entire, attained 30 mill. in height, br. of body
whorl 14 mill. height of aperture 11 mill.

This is one of the most abundant Silurian Gastropoda from the neighbourhood

of Wisby in the middle limestone (b) and also, though not so common, from the shale.

From the sandstone of Bursvik a small specimen has been obtained, which highly re-

sembles the Wisby specimens as to their ornamentation, but it is not certain that it

belongs here.

Cycl. delicatulum may. possibly be the shell designated by Angelin in his Mu-
seum Palasontol. Suecicum as J^ 49 Littorina? striata, but I have not succeeded to

lind a complete series of that collection, containing this species with the others.

2. Oyclonema? apicatum n.

Pl. XVIII lig. 36.

Shell elongate, conical, whorls five, the body whorl more than double the size

of the others. They are moderately convex and the suture only slightly impressed.

On the body whorl there is a blunt angle, where the umbilical sui^face begins. It is

there the semblance as of a slit band, like that in the Pleurotomariaa of the division

Multicarinati, but not sufficiently clear enough to decide if the shell really is a Pleu-

rotomaria. The surface is finely cancellated and the transverse strise are below the

angle bent backwards. The band like sculpture is visible only on the body whorl.

The aperture is elongate, ovate, the lips are thin and sharp, and there is no trace at

all of any umbilicus.

The peculiar elongate, succinoid shape sufficiently distinguishes this shell from

similar. H. 7 mill., br. 5 mill.

This shell has been found in two specimens in the red limestone of Sandarfve hill.

3. Cyclonema cancellatum n.

PL XVIII fig. 25—27.

Shell moderately large, turbinate, with seven ventricose whorls, of which the body

whorl is nearly twice as large as the spire. The surface is evenly rounded without any

prominent keels and it is regularly cross bared by thread fine, longitudinal lines and not

quite so prominent, transversal ones, covering the whole surface with minute quadran-

gles. Some of the longitudinal lines are at irregular distances rather more prominent.

The transverse lines have uniformly the same size and take in several specimens a

gentle curve backwards, run else straight and near the umbilicus directed forwards.

The aperture is obovate, the lips thin, the outer one in some specimens with a shal-

low, gently curved notch which also is clearly indicated by the above mentioned course

of the transverse stria9. There is no umbilicus. H. 36 mill., br. 42 mill.
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Several specimens found in the liraestone of the hills at Sandarfve and Linde.

Besides its size and shape this species is distinguished from the nearly allied C.

delicatulum through its ornainentation, which is different as to its direction and size.

4. Cyclonema distans n,

Pl. XVIII fig. 37.

Shell small, turriculate, of five whorls, of which the body whorl is nearly as

high as the spire. There are eighteen sharp, distinct, distantiated keels and the trans-

verse lines which intersect them are also distantiated but narrow. They are directed

slightly backwards, but converge on the umbilical side. H. 8 mill., br. 6 niill.

Only a single specimen has been found in the limestone of the hill of Sandarfve.

5. Cyclonema striatum His.

Pl. XVII fig. 48, pl. XVIII fig. 39—42.

HisiNGER Anteckn. VI, 109, pl. VIII f. 2.

Id. Lethaja, 38, tab. XII fig. 5.

Id. Pörteckn., 55.

LiNDSTR. Nomina, 23.

D'Orb. Prodr. I, 30.

Kradse Zeitschr. d. deutsch. Geol. Gesellsch., 23, can only with doubt be refe.rred to

this genus.

Shell turbinate, .Avith six ventricose whorls, suture deep and immersed; there are

only spiral, closely set lines, which vary in their distance from each other, but gene-

rally leave an interstice smaller than themselves. Around the umbilicus they are more

distant and more prominent. The last whorl is free near the aperture, which is quite

circular without any reflexed lips, which are sharp all around. The original specimen

of HisiNGER is figured here anew; it is fragmentary and the revolving lines are more

distant than in other specimens. In his collection there are two specimens thus de-

nominated, the smaller one is only a cast without shell from the shale of Högklint. The

larger specimen, the figured one, is from Klinteberg and the Palseontological Museum
also has specimens from that locality as well as from östergarn, Samsugn in Othem
and the shale beds of Wisby. H. 16 mm., br. 14 mm., diam. of the aperture 6 mm. Turbo

corallii Sow., and Trochonema pauper Hall 20:th Rep. p. 343, pl. 15 f. 5, 6 (= Cyclonema

pauper Hall 20:th Rep., Docum. Ed. p. 395 pl. 15 f. 5, 6) come near to this shell.

The largest specimens somewhat resemble smaller specimens of Or. globosum or sculp-

tum. The narrowness or total want of any umbilicus, the elevated spire of rounded

whorls, the circular, nearly free aperture, however, distinguish them sufficiently.

From the limestone of Samsugn a specimen has been obtained with an oper-

culum in reversed position in its aperture. It has no doubt belonged to the shell,

Turbo striatus 1837.

1837.

1840.

1867.

Turbo Leda 1850.

Turbo striatus 1877.
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being of exactly the same size as the aperture. It is of quite the same shape as that

delineated on plate XVII fig. 48. It is depressedly conical, of about twelve coils and

perfectly circular outline. The coils are large, convex, with the superior börder bent

out in a thin, laminar edge, the sutiire between them is shallow. The transverse, oblique

strite are distinct. The inside is deeply concave and in well preserved specimens

almost all the coils are seen, the outermost forming the elevated bordering rim.

Dimensions: diameter 6 millim., height 3 mill., thickness of margin 1 millim.

In the crystalline limestone near Westerby in Ardre there occur numerous nuclei,

which through some fragments of the shell with its sculpture make it evident that they

have been nearly allied with Cyol. striatum. There seems to have been some varia-

bility in the size and distance of the longitudinal, threadlike strias. The Avhorls are

six, tubular. Along with these shells, the only ones found there, lie a great number

of detached opercula of a type, quite corresponding to that of Cycl. striatum, though

modified in details. Its size also tallies with that of the shell. It is figured on plate

XXI fig. 66. It is of perfectly circular outline, moderately and obtusely conical.

Coils on the outside about twelve, large and broad, proportionately more so than in

Cycl. striatum. A little below the upper rim a shallow groove runs. The thin edges

of the coils are cloven by a narrow slit running along them. The interspace between

the adjoining coils is very shallow. The outer sides are ornamented by densely crowded,

exceedingly fine and minute, oblique and transversal streaks, reminding of the somewhat

larger ones on the outside of the operculum of many of the recent Trochidae and Tur-

ritellidae. On the inside the centre is environed by a thick, callous whorl which en-

circles the innermost concavity. Around the whorl the surface is smooth and there is

no annular rim. This great dissimilarity of the interiör surface indicates a different

specific type, which, however, can, for the present, not be succinctly enough described

as the shell is so imperfectly preserved. Dimensions of the shell: H. 23 milL, br. 18

mill. H. of operculum 5 mill., diameter 11 raill.

In connection with the forms of opercula, now described, two more may here

be mentioned, because they evidently belong to the same generic type.

1. Pl. XVII, fig. 50— 52. From the lower strata of östergarn found in a few spe-

cimens. These resemble, as to their exteriör, those from Ardre with their large, eight or

nine coils which also have a shallow groove running along their superior börder. The

minute, transverse striaB are not conspicuous and the top of the coils is more lacerated

by longitudinal slits. The inner side is also more excavated, fig. 50, and the central

whorl not so prominent. An annular rim is formed by the inside of the outermost

coil. H. 3 mill., diam. 8, thickness of the margin 1 mill.

2. Pl. XVII, fig. 49. This is acuminately conical, higher than broad, the base

is crushed, but it has probably had a circular outline. The coils are broad, band like,

ascending like steps, about fifteen. There are indistinct, oblique, transverse lines, nearly

parallel with the edges of the coils. A single specimen has been found in the upper-

most limestone of Lännaberg in Slite. Diameter 10 mill., height 17 mill. It has to

all appearance been still longer.

K. Sv. Vet. Akad. Handl. Bd. 19. N:o 6. 23
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6. Cyclonema zonatum n.

Pl. XVIII fis. 43—44.

Shell small, turbinate, with obtusely elevated spire of six whorls. These are

evenly rounded, the body whorl of the satne size as the spire. The keels are longi-

tudinal, rounded, with interstices of equal size. The keel which is situated a little

below the median line of the body whorl is larger than the others and more distan-

tiated from the nearest and there thus originates a zone or a belt around the whorl.

Microscopically minute, transverse lines are crowded on the keels, deviating only slightly

from a vertical direction. Near the suture the longitudinal lines also are larger and

they leave a smooth zone between them and the suture. The aperture is obovate and

the umbilicus is narrow. H. 15 mm., br. 14 mill.

Four specimens derived from the red limestone of the hill of Sandarfve. There

is also from the same locality a very large specimen (h. 18 mm., br. 18 mm.) which

perhaps belongs to this species. The longitudinal keels, however, are, below the middle

of the whorl, not so distinct, nor is the zone so definite. A shorter variety with

larger striai has been obtained from the shale beds north of Skäret in Fröjel.

7. Cyclonema adstrictum n.

Pl. XV fig. 49.

Shell turbinate, of three whorls. The body whorl more than double the size

of all the others. It is nearly of elliptical outline, suddenly constricted in a more

narrow neck just above the suture; the next whorl is conically rounded without any

constriction. The surface is smooth and only through the magnifying lens a fine lon-

gitudinal striation is revealed, as of engraved lines, crossed by irregular short, arched

lines. The aperture is obovate with thin lips. There is no umbilicus. H. 15 mm.,

br. 16 mm.
Some specimens have been found in the red limestone of the hill of Sandarfve. This

is possibly identical with Naticopsis concinna Mac Coy Sil. Foss. Ireland p. 13, pl. I

f. 10.

8. Cyclonema carinatnm Sowerby,

PI. XVIII fig. 28—30.

Turbo carinatus 1837. Sow. Sil. Syst., tnb. 5 f. 28.

1843. Morris Catal. Brit. Foss. 165.

1848. Bronn Nomencl., 1358.

1850. D'Orb. Prodr. I, .30.

1854. Morris Brit. Poss., 283.

1855. Mac Coy Pateoz. Foss., 305.

Cyclonema octavia 1859. Salter ap. Siluria ed. 3, 548, pl. 24 f. 4.

1873. Id. Cat. Cambr. Foss., 156, 172, 185.

Turbo octavia

Litorina octavia
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Shell turbinate, acuminate, with six ventricose whorls, the five inferior whorls

with two sharp keels each. On the body whorl there are a variabla number of 8 or

10 keels of which the lowest two are largest and most prominent, the most inferior

leaving a larger zone between itself and the sutiire than the space to the next keel.

There is also a low keel near the suture. The surface between the keels is finely and

transversally striated by dense, obliquely backwards slanting streaks. The aperture is

almost ovate, higher than broad and the umbilical opening is narrow, being in some

specimens covered by the inner lip, which is reflexed towards the columella. H. 30

millim., br. 25 milL, height of aperture 15 mill.

It has been found at Djupvik in Eksta, Samsugn in Othem, north of Skäret in

Fröjel and at Follingbo, Slite and Petesvik in Habblingbo.

8 a. Cyclonema carinatum Sow. var. glabrum n.

Shell small, turbinate, acuminate, five ventricose whorls with three or four lon-

gitudinal, distantiated keels on the apical side of the body whorl. They are entirely

wanting on the umbilical side which is almost sniooth, only ornamented with the

same sort of faint, transverse striaä as on the apical side. Around the umbilical cavity

a short, sharp ridge starts from the upper edge of the aperture, which is obovate,

acuminate below. The umbilicus is narrow. H. 8., br. 6 mill. It has been found toge-

ther with the typical specimens in the shale of Djupvik in Eksta.

8 b. Cyclonema carinatum Sow. var. multicarinatum n.

Pl. XVIII f. 31—32.

This differs chiefly from the main species through the numerous and small lon-

gitudinal keels, the nearly circular aperture and the large and open umbilicus. The

keels are as raany as 14 on the body whorl and from five to seven on the whorls next

in size. On the body whorl the keels are more distantiated a little above the suture.

As many forms connect it with Cyclon. carinatum, forma typica, there is no cause to

represent it as a species of its own. H. 19 mill., br. 17 mill. Several specimens have

been obtained from the shale of Djupvik in Eksta.

9. Cyclonema nodulosum n.

Pl. XVIII fig. 33—35.

Shell variable with long or short spire, with deeply impressed suture, whorls six,

nearly disjointed, as seen by section fig. 35, with 8—10 distantiated keels. It differs

from Cycl. carinatum in the peculiarity that the transverse oblique strite at regular

distances are more elevated than the others, and where they cross the keels, they form

a small tubercle or nodule through which the surface acquires a retiform aspect. All

specimens have a wide umbilicus and the axis is hollow. The aperture is circular with

thin lips and almost free from connection with the next whorl. H. 20 mill., br. 16

mill. It has hitherto been found only in the shale of Djupvik in Eksta and Fröjel.
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10. Cyclonema? tenuissimum n.

Pl. XVIII %. 38.

Shell globose with six whorls, the body whorl several tiraes as large as the spire.

The ornainentation consists of narrow spiral lines, very fine and closely set, especially

on the umbilical side. The suture is partly filled up by the overlying whorls. The
aperture is trarisversally ovate and the lips thin. The iimbilicus is deep and funnel

shaped. H. 10 milL, br. 11 mill.

There is only one speciruen as yet fouiid from the limestone of Follingbo.

11. Cyclonema? giganteum n.

There exist only some fragments of the nucleus, by which it can be concliided

that this shell was turbinate with much ventricose whorls, of which three are extant in

the same specimen. There are also impressions of fourteen moderately elevated longitu-

dinal keels, the interstices between which are finely and transversally striated. This

fossil which in its size so much surpasses the other Cyclonemata, as well as almost

all other Silurian shells, can only hesitatingly be referred to this genus with which it

else coincides as to the ornamentation of the surface. H. 86 mill., breadth of body

whorl 9.5 mill. It has been found in the shale beds near Wisby and in Lummelund.

12. Cyclonema perversum n.

Pl. XXI fig. 55—56.

Shell sinistral, to judge by the only existing fragment of three ventricose whorls,

elongated or turreted, ornamented by numerous thread like, somewhat irregular and

unequal, longitudinal strise. These are crossed, especially near the aperture by coarser,

elevated lines of growth and for the rest by narrow, impressed lines. The suture is

moderately deep, the aperture is elongate and angular, acuminate in its upper and in-

ferior corners and on the middle of the inner lip. The lips are thin and straight.

The umbilicus is visible as a narrow slit. Size of the fragment: height 16 millim., br.

12 mill.

The single specimen has been found in the upper gray limestone beds of the

hill of Linde.

Gen. TROCHONEMA Salter.

1859 Salter Canad. Organ. Remains Dec. 1, 27.

Shell turbinate, elongated, keeled, with wide and open umbilicus, surrounded by an

elevated keel.

I have adopted this genus for a widely spread shell, which cannot aptly be uni-

ted with any of the previously known. Salter thinks that Inachus angulatus HisiN-

6ER (Oriostoma angulatum) probably is an extreme form of this group, but I cannot
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find that there is any foundation for this supposition. Trochoneraa dijBfers from Oriostoma

tiiroiigh its elongate spire and from Cyclonema in tlie sculpture and the wide and open

umbilicus.

1. TroclLoneina turritum n.

Pl. XXI fig. 15—19.

Shell elongated, turbinate, of seven whorls, angulated through the prominent

keels of which there are six on the body whorl, besides the sharply eminent one

around the umbilicus. The three lowest keels are sharper than those on the umbilical

side. The transverse lines of growth are thin, lameliar, with sharp edges, more or

less distantiated, the interstices varying in breadth from nearly two mill. to close con-

tiguity of the lamellaä. On the keels they are bent in a little tubular fold. The in-

terstices are finely and minutely striated by lines parallel with the enclosing lamell*.

On the umbilical ridge the transverse lamellse are crowded and the strias converge in

the interiör of the umbilicus. The aperture is obovate, the longitudinal axis being

the longest. Its outer lip is angular through the shallow notches, which cause the

longitudinal keels. The inner lip is straight and not reflexed. H. 37 mill., br. 29.

A great number of specimens has been found at Samsugn in Othem and also a

few in Martebo, in the limestone of Kyrkberget, Wisby, and on Galgberget near Wisby.

There is a more slender variety from Klinteberg, small, with the lamellse more nu-

merous and croAvded and the umbilicus narrow, reduced to a slit.

2. Trochonema muricatum n.

Pl. XVIII fig. 52—53.

Shell turriculate, acuminate, upper whorls rapidly increasing in size. Whorls six,

angular, body whorl with four large keels, the uppermost around the umbilicus. They
are lacerated with broad, acuminated points at regular distances all round. Each of

them is, as it were, a complex of the folded edges of several transverse lamellse, which

have a nearly straight direction. The aperture is elongate, angular through all the

keels in the outer lip. The inner lip is curved and thin. The umbilicus is wide and

open. H. 14 mill., br. 12 mill. A single specimen has been found in the middle li-

mestone strata of Hoburg.

In the list of the distribution of the species I had placed this shell in the ge-

nus Eunema Salter, but I now find, on closer consideration, that it cannot be kept

there, but rather corresponds with Trochonema.

Gen. CRÄSPEDOSTOMA gen. nov.^)

^liell globular, naticoid, commonly with transverse lamellar rihs. Aperture circular,

enclosed within an enormously enlarged and thickened börder, formed by successive, thin

strata, in the superior, inner corner elongated in an acute spur and a smaller, corresponding

one in the inferior corner. The inner lip is bifurcated. The umbilicus is deep and narrow.

') KQuaiiéöov, collar, acu^a,. mouth, aperture.
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This is a well characterized genus with its peculiarly framed lips and lamellar

ornaments of the shell. I have placed this genus with the Turbinidaj in consequence

of the congruence of its shell with several of the Liotidas of which group there are

some representatives not only recent and tertiary, but also in secondary strata. What
Stoliczka says') of Liotia is wholly applicable to the Gotlandic fossils in question.

He says: »The Liotidaa are usually of small size, sub-orbicular, with short spire, trans-

versally and spirally ribbed, often umbilicated, with the aperture circular, having more

or less thickened and continuous margins». In the figure of Liotia Gervillei, given by

S. P. WoODWARD^), there is seen an acuminated spur projecting from the lower or

median edge of the inner lip quite as in ours. Stränge enough no similar shells seeni

to have been hitherto found in the Devonian and the Carboniferous Formations, as I

cannot find any mention made of such in the works of Goldfuss, Sandberger and

De Koninck.

D'Orbignt^) has described and figured a »Delphinula reflexilabrum», which comes

very near to our genus through its »bouche ronde, avec un bord forteraent épaissi,

et réfléchi en un large péristome tranchant». It is derived from the Middle Lias of

France.

In the Upper Silurian of Gotland I have found six species and in the Lower

Silurian hitherto not a single one has been discovered.

1. Craspedostoma spiimlosum n.

Pl. III fig. 32—34.

Shell globular, naticoid, last whorl several times as large as all the others. Whorls

four, of which three form the short spire. Suture shallow. The surface is richly or-

namented by transverse ribs, situated at regular distances and there provided with

blunt spines. These spines, being regularly distantiated, form rows which also conti-

nue on the reflexed outside of the lip and give its extreme edge a serrated outline.

The aperture is ovate, inferiorly somewhat more narrow. The outer lip with a broad

börder forming an expansion at right angle to the outside of the last whorl, projec-

ting above it to the length of two millimetres. It is evident that there has been a

spur or processus on the interiör, upper edge, and probably also beneath the inferior

corner of the aperture but both have been broken. It is imbricated by the wavy lines

of former lips, resting in their place, while the aperture has been more constricted.

The inner lip is straight, bifid, thin and smooth, but does not cover the narrow and

deep umbilicus. H. 14 millim., br. 15 millim., length of aperture outside the lip 13

millim., inside 7 millim.

From the limestone of Hoburg, between the oolite and crinoidal limestone strata,

where I found one specimen.

^) Palaeont. Indica, Gasteropoda of the Cretac. Rocks, 351.
2) Manual of Shells, pl. 10 f. 14.

3) Paléont. Franp. Terr. jurassiques, 317, pl. 323 f. 14—16.
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2. Craspedostoma elegantulum n.

Pl. II fig. 58, pl. XXI fig. 20—29.

Shell globose, naticoid, whorls five, body whorl enorraously developed, the others

forming a sinall, obtuse spire. The thiri, transverse ribs are densely packed, running

obliquely, directed backwards toward the umbilicus. Their edges are minutely frilled

in a succession of diminutive wave lines and bent backwards, as to resemble hooks in

longitudinal sections. In older specimens, at least from some localities, the ribs are

distantiated, with sraooth interstices near the aperture. Thread fine, longitudinal lines

cross them, especially distinct on the smaller whorls. They are usually more distan-

tiated than the transverse ones, though there also is variability and the longitudinal

striae are more close and numerous, pl. II fig. 58. The aperture is obovate, rounded above,

pointed below, the outer lip is large and bent obliquely outwards, thin, and its inte-

riör corner, where it meets the inner lip, is prolonged in a triangulär, acuminated

tooth which stretches far backwards and nearly reclines on the body whorl. The inner

lip is narrow, straight, near the umbilicus divided in two diverging branches through a

triangulär slit between them. Of these the shorter one ends on the inner wall of the

umbilicus, while the longer borders the umbilicus on the outside. The umbilicus is

narrow and deep. H. 20 mill., br. 25 mill.

Several specimens have been found in the upper limestone strata of Slite,

Samsugn, Stor Wede in Follingbo, Nya Slitegårds in Dalhem and Klinteberg.

3. Craspedostoma elegantulum var. brevispira n.

Pl. XXI fig. 30—34.

This variety is small, globular, with five whorls, spire short as not to be visible

when the shell is seen from the side. The aperture is large and widened. The supe-

rior spur is relatively shorter than in the former, more narrow and pointed. The or-

namentation of the surface is finer and more reticulate, the edges of the transverse

ribs only a little outstanding and obtuse. The umbilicus is wide and the two branches

of the interiör lip widely diverging. H. 5 mill., br. 7 mill.

A few specimens have been found in the limestone of the hill of Sandarfve.

4. Craspedostoma filistriatum n.

Pl. XXI fig. 35—38.

Shell globular, helicoid, body whorl considerably enlarged, the spire prominent,

though obtuse, whorls four. The surface is smooth, nearly glossy, without any pecu-

liar ribs, of which there only are a few distantiated traces. The ornamentation con-
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sists of minute and closely set transverse, nearly straight stria?, crossed by more ir-

regular, wavy, impressed, loiigitudinal lines. The aperture is obovate, almost as in Cr.

elegantulum, but situated deep beneath the outgoing frame, which above is prolonged

in the cbaracteristic spurlike process and below in an obtuse lappet. The interiör

lip is bifid in the same manner as the others. On the outside of the body whorl near

the aperture there is a transverse, shallow groove dividing the enlarged apertural frame

from the deeply hidden aperture proper. This frame is here as in Craspedostoma ele-

gantulum very thin and sharp edged. H. 10 mill., br. 13 mill.

Two specimens have been obtained from Klinteberg and one from Samsugn.

5. Craspedostoma involutum n.

Pl. XXI fig. 39—42.

Shell small, globose, helicoid, whorls iive, spire short but prominent, the trans-

verse ribs numerous, close, with frilled edges where they meet the longitudinal striae,

which resemble those of the other species. The aperture is obovate, acuminate below,

the broad frame is broken away. The inner lip is bifid as in the others, its outer

branch straight and somewhat thickened, but its inner branch does not continue straight

down as in the others, it is convoluted around the central axis of the conical hollow

which it forms and thus hiding the umbilicus: h. 9 millim., br. 11 millim.

Four specimens have been found in the highest limestone stratum of Wisby on

Kyrkberget.

6. Craspedostoma glabrum n.

Pl. XXI fig. 43—54.

Shell globular, small, naticoid, thin, whorls five, with short, though prominent

spire and the body whorl many tiraes surpassing the others in size. Surface apparently

smooth with only a few, much distantiated, transverse sigmoid ribs, which are faintly

prominent with an obtuse edge. Between them the surface is most distinctly longitu-

dinally striated by somewhat wavy and graduated lines and transversally to them and

parallel with the ribs there are microscopically minute lines. The aperture is circular

or obovate, environed by exceedingly broad, reflexed lips, forming a large frame around

it, of such enormous size that in relation to it the shell looks as an appendix. This

frame is prolonged in a large, acuminated spur near the umbilicus, which it nearly

completely covers and its lowest corner near the spire is also elongated in a triangu-

lär spur. The surface of the frame is finely lineated by the parallel, superimposed strata

of growth of successive lips, giving it an imbricated appearance. The umbilicus is

narrow. Only the largest specimens are provided with an inner branch of the inner

lip. H. 13 mill., br. 13 mill., breadth of aperture 11 mill.

Most abundant in the red and gray limestone of the hill of Sandarfve.
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Fam. XI PHOPJD^ Gray.

Gen. ÄUTODETUS nov. gen.^)

1884 Anticalyptrcua Qdenstedt Handbucli der Petrefaktenkunde, 3e Aufl., 673.

Shell hroadly conical, sinistral, affixed with tlie truncated ajpex to other marins bodies,

wliorls externally not visihle, no suture, aperture narroiv, transverse, with a hlunt, toothliJce

projection near the centre of the flat, umbilical surface. lliere is no icmbilicus, the axis is

solid. 2%e shell is interiorly subdivided in bladderlike compartments along the exteriör wall.

This curious little shell has by its first describers been referred to several recent

genera as Calyptrsea, Capulus and Trochita, Avith none of which it, however, on closer

inspection can be regarded as related. This is chiefly found through the aspect of

the volutions in the interiör, the characteristic sculpture of the nmbilical surface and

its peculiar way of fixing itself with the apex to the härd structures of other animals.

In outward appearance it has certainly a great similarity to species of the recent genus

Galerus and also in some degree in the form of the aperture, which in some species of

Galerus have a tooth like prolongation. There seems, however, to be more reason to re-

gard it as a precursor of the recent Phoridaj. The shape of the aperture as well as the

ornamentation of the umbilical surface justify this comparison. But instead of fixing

other objects to its shell, as its recent relatives, it fixed itself to larger objects.

This is, perhaps with exception of Clisospira, the oldest known representative of

this curious family, as there is before none older known than Xenophora or Pseudo-

phorus antiquus Meek^) and Phorus Bouchardi EuG. Deslongschamps ^) both from the

Devonian formation. Then none is found before the Jurassic time. Perhaps also Tro-

chita antiqua? Meek*) belongs to this family. But, as surraised above, it may be que-

stioned whether sucb Silurian shells as Trochus cavus, Tr. profundus etc. do not ra-

ther belong to the Phoridte and to the genus Onustus.

Autodetus calyptratus Schrenk.

Pl. I fig. 17—24, pl. XXI fig. 57—60.

Capulus calyptratus 1854. Schrenk Uebersicht des Schiohtensystems Liv- und Esthlands, 83.

1858. Fr. Schmidt Geol. Esthlands, 206, but not Patella mitreola Eichw. Bull. Moscou
1854, I, 94.

Galyptrma ealyptrata 1860. Eichwald Leth. rossica I,ii, 1104, pl. 51 f. 13.

1867. QuENSTEDT Handbuch der Petrefaktenkunde 2e Aufl., 526, f. 117.

Trochita ealyptrata 1867. Lindström Nomiua fossil. Gotl., 23.

Anticalyptrcea ealyptrata 1884. Quenstedt Handb. d. Petref. 3:e Aufl., 673.

Shell irregularly conical, sinistral, with the truncated and affixed apex forming

a flat surface. A few large specimens from Lau and Hoburg seem to have freed

themselves at an early stage of growth and have a bluntl)^ pointed apex, without

') ^Ainoåsiog, who has bound himself.

-) Geol. Survey of Ohio, vol. I, 221.

3) Bull. Soc. Lin. de Norraandie VI, 151.

*) Proceed. Ac. Nat. Se. Philad. vol. 23, 82.

K. Vet. Akad. Handl. Band 19. N:o 6 24
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any scar of the attachinent. The whorls are in most speciraens not apperceptible on

the outside, but through sections it has been made out that there with certainty are

six. They are almost smooth, not separated by any regular siiture and are finely and

transversally striated by exceedingly narrow lines. These, which run in an oblique

direction, are crossed by more conspicuous, though minute lines and parallel with these

or with the iimbilical börder there are irregular ridges or constrictions or even edges

of the lines of growth. The affixed apex has often been strengthened by radiciform

offshoots, which give the shell a stränge, nearly corallian aspect, and this is also the

case when two Autodeti have grown close together and, as it were, clasp each other

with their roots. In the youngest specimens the ornamentation, pl. XXI f. 58, is

better preserved and we see that the oblique, transverse lines are by far larger than

the delicate, longitudinal ones. The umbilical surface is much more distinctly circum-

scribed in this shell than in any other, excepting, perhaps, such forms of Trochi as T.

cavus and T. profundus. Its borders are very thin and seldom entire, but broken and

fragmentary. Inside the surface is moderately concave, elevated in the centre around

the axis in a faint convexity. Around this or as far as the thin margins reach, a

wreath of small bladders, of much unequal size in different specimens, as seen by figs.

18 and 22 pl. I, is stretching. These and the whole central surface are covered by

minute, wartlike prickles, amongst which curved stria; radiate from the axis to the

periphery. There is no umbilicus and the axis is solid. The aperture is a narrow,

ti-ansverse slit with the upper lip laminar and ending in a blunt, broad, triangulär

spine, which is bent a little upwards near the centre of the umbilical side. The inner

lip is thick and is distinctly separated from the surface. Around the inferior side of

the aperture the shell has, as in the recent Phoridse, a covering of a thin, glossy stra-

tum of porcellaneous shell matter.

A longitudinal section, pl. I fig. 23, through the axis reveals five or six whorls

of elliptical shape and nearly similar to those seen in other regular shells and not at

all analogous to the spiral lamina3 in Calyptrtea and Trochita. But there is a charac-

teristic feature in it, worthy of attention, and consisting in an accumulation of small

bladder like cells along the inferior corner near the wall of the whorls. These blad-

ders, in some cases amounting to as many as six above each other, are thus comprised

in an angle between the roof of a lower whorl and the floor of the next. They form

the circle along the inside of the umbilical börder, described above, and may there be

seen in their original shape when uncovered. In pl. I fig. 19, roAvs of these bladders

are seen in a corroded specimen, indicating the wanting lines of the suture. These

bladders are then evidently formed on the top of the whorls along the thin rim of

the umbilical surface and are again covered during the growth of the shell by the

new whorls. By pl. I fig. 18 it can be found that they originate, as could be ex-

pected, near the outer corner of the upper apertural lip and thus had been formed

along with the aperture. As to the nature and homologies of these bladders, I can

for the present only compare them with the interiör partitions through transverse la-

mina3 in several shells as in Triton corrugatus Lam, ^). But there is the essential dif-

1) WooDWARD Manual of Shells, ed. 1, 100.
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ference that in this and similar (species of Conus etc.) the partitions are inside the

whorls and only near the apex, whilst in Autodetus they are decidedly oiitside the

whorls and everywhere along the suture.

The apical whorls are often filled with shelly matter and solid. H. of a speci-

raen 6 raill., br. 8 niill. Another specimen from Lau, h. 5 milL, br. 9 mill.

The smallest or youngest specimens might easil}' be mistaken for young annelid

tubes. A few have been delineated on plate XXI tigs. 57—60. Specimen, fig. 59

—

60, is the youngest, nearly 2 millim. in diameter, broadly affixed, of nearly three whorls,

without the thin, umbilical börder and with the centre of the axis prominent as a point.

Next we have, figs. 57—58, larger specimens, nearly 3 millim., where the thin börder

just is beginning to appear. In this, as well as in the yet smaller, previous shell, the

ring of bladders is already present on the bottom of the aperture.

This characteristic shell is distributed nearly över the whole island and has been

met with in all strata, in the lowest shale beds, as well as in the upperraost limestone.

It is, hoAvever, more abundant in the southern localities. It has been found in the shale

beds of Halls huk, of Djupvik in Eksta and in the contemporaneous sandstone of Burs-

vik. The State Museum has further obtained it from the limestone beds at Medebys in

Hall, Likkershamn, Slite, Wisby, Östergarn, Grötlingbo, Lau, from the oolite of Bursvik

and the middle and uppermost limestone of the hill of Sandarfve and Hoburg. It has

also been found in the isle of Oesel in corresponding strata, where Schrenk first disco-

vered it.

Fam. XII. LITORINIDiE Gray.

Gen. HOLOPEA Hall p. p.

P1845 Cyclora Hall p. p. Sillim. Journ. vol. 48, 294.

1847 Holopea Id. p. p. Pal. N. Tork vol. I, 169.

1866 Litiopsis Edw. Forbes according to Salteh in Mem. Geol. Survey, III, 346.

Shell glohose, naticoid, with short spire, smooth whorls with faint, transverse strice,

outer lip thin, inner lip reflexed, peristome interrupted, umbilicus dejicient or narrow.

According to the first definition given by Hall these shells were difficult to dis-

tinguish from Cyclonema, as he states that the surface is cancellated. But in his lå-

ter descriptions in Palasont. of N. York vol. III p. 294, species have been described

which are similar to the Gotlandic ones, enumerated below and also correspond with

those referred to Holopea by Salter in Mem. Geol. Survey vol. 'III p. 347, where also

species with high spire are included, which probably rather had to be numbered with

another genus.

1. Holopea nux n.

Pl. XV fig. 62.

Shell moderately large, ventricose, nearly globose, with short spire and body

whorl many tirnes the size of the spire. Whorls five, obscurely and transversally stri-



188 G. LINDSTRÖM, ON TIIE SILURIAN GASTROPODA AND PTEROPODA OF GOTLAND.

ated. H. 17, br. 17. Fragment of a larger specimen 20 mill. broad. In the limestcne

of Sandarfve kulle, Linde klint and from Samsugn.

2. Holopea transversa n.

Pl. XV fig. 59-60.

Shell minute, globose, Avith acuminate, though short spire, whorls five, ventricose,

smooth or glossy, body whorl transversa, aperture obovate, outer lip thin and sliarp,

inner lip thick, reflexed and liiding the umbilicus. H. 7, br. 7,5 mill. Only a single

specimen found in Follingbo.

3. Holopea perforata n.

Pl. XVIII fig. 45.

Shell minute, globose, transverse, spire short and acute, whorls five, ventricose,

their surface smooth, only transversally wrinkled by a few, depressed lines of growth,

directed backwards or nearly vertical. Aperture obovate, or almost circular, both lips

thin, the inner one not reflexed. Umbilicus open, relatively wide. H. 12 mill., br.

13 mill. Two specimens from Kyrkberget in Wisby.

This species and the preceding one seem to form part of those shells which com-

pose the genus Cyclora of Hall, but which well may be united with the Holopete.

4. Holopea nitidissima n.

Pl. XV fig. 50—51.

Shell minute, elongate, with five ventricose whorls, surface glossy, with faint

transverse striaa. Suture slightly impressed. Aperture obovate, acuminated below, outer

lip thin, continuing on the body whorl without meeting the much shorter inner lip,

Avhich is reflexed and hides the umbilicus. H. 8 mill., br. 6 mill. From Follingbo and

Kyrkberget in Wisby.

5. Holopea applanata n.

Pl. XV fig. 46—47.

Shell elongate Avith five Avhorls of nearly conical outline, transversally and mi-

nutely striated, somewhat concaA^e above the suture, Avhich lies in a groove on the

inferior börder of the whorls. Aperture obovate, outer lip thin, continuing on the

body Avhorl, Avithout meeting the inner lip, Avhich is thick and reflexed, hiding the

mbilicus. H. 10 mill., br. 7 mill. In all seven specimens from Kyrkberget in Wisby.
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Fam. XIII. SCALARID^ Broderip.

Gen. CÄLLONEMA Hall.

1865 Isonema Meek and Worthen p. p. Proceed. Ac. Nat. Se. Philad., 251.

1879 Callonema Hall. Palseont. N. York vol. V,ii, 50.

Shell elongate or short and qlobular, ornamented hy transverse, distantiated lamellar

ribs, aperture circular, peristoma continuous.

This genus was established by Hall to include some Devonian and Silurian spe-

cies whicli had to that time been numbered with Isonema, though they rather did not

correspond to tlie definition given to that genus by its authors Meek and Worthen.

I follow the subsequent authors who hava placed the genus Callonema amongst the

Scalaridse. In Sweden it had already appeared in the Lower Silurian times, as there

are fine species of it in the Leptsena Limestone of Dalecarlia.

1. Callonema obesum n.

Pl. XV fig. 27.

Shell thick, trochiform, of the same length and breadth, with transverse whorls,

broader than high, regularly increasing in size. Whorls five, ornamented with oblique,

chordlike, lameliar ribs, directed in a gentle curve, going from the suture backwards.

The surface acquires through them a fluted appearance, as these chords are more close

together than in the next species, finer and more regular. The aperture and the um-
bilical side are destroyed in the only specimen extant. H. 8 mill., br. 8 mill. This

specimen belongs to the Museum of the University of Copenhagen, and has been found

by Angelin probably in the limestone of Wisby.

2. Callonema scalariforme n.

Pl. XV f. 24—26.

Shell elongate, turriculated and slender, of six moderately ventricose whorls.

Surface ornamented by obliquely transverse, thread like lamellaa, and between them
with parallel lines of growth. The aperture is ovate and the lips thin. The lamellee

project beneath each other as scales, the younger beneath the older and they may pro-

perly be regarded as the edges of successiva apertures. H. 15 mill., br. 10 mill. Ano-
ther specimen h. 10 mill., br. 5 mill., height of aperture 4 mill.

Some specimens from the middle limestone of Wisby.

Gen. HOLOPELLA Mac Coy.

Syn. 1852. Holopella Mac Coy Brit. Pal. Foss., 303.

1881. Aclisina De Koninck p. p. Faune Carbonif. II, 3, p. 86.

Shell elongate, slender, smooth or finely striated, peristome continuous.



190 G. LINDSTRÖM, ON THE SILUKIAN GASTROPODA AND PTEROPODA OF GOTLAND.

Tliis genus should, according to Mac Coy be characterized through its remar-

kably convex vvhorls, which are ornamented by »slightly arched strias» or even cancel-

lated by transverse and spiral strias. De Koninck's Aclisina then seeras in no parti-

cular to differ from Holopella. The specimens are generally small. It has probably

occurred in the Lower Silurian of Sweden; at least Loxonema dalecarlicum Lindström^)

may rather be classed with Holopella and it is derived from the Leptsena Limestone

of Dalecarlia. In the Upper Silurian of Sweden there are three species, described be-

low. The genus has continued during the Devonian, the Carboniferous and probably

also durino; the Triassic times.o

1. Holopella teres n.

Pl. XV fig. 61.

Shell elongate, thick, with seven whorls, which are smooth and transverse, twice as

wide as high, with glossy surface. Aperture circular, outer lip thin, the inner lip thick,

large and reflexed not only över the umbilicus, but also at the lower edge of the aper-

ture. H. 6 milL, br. 3 mill. Found in Slite.

2. Holopella regularis n.

Pl. XV fig. 12—13.

Shell moderately large, elongate, turriculate, with five ventricose whorls, separated

by a deep suture. The surface is smooth, glossy, covered by extremely fine, slightly

sigmoidally wound lines, the aperture ovate, below acuminate, with sharp and thin

lips. Umbilicus deficient. H. 21 mill., br. 10 mill. The aperture 8 mill. heigh, 6

mill. broad. The specimen figured belongs to Adjunct M. Klintberg, who found it in

the shale beds of Wisby. It has also been found in the shale of Petesvik in Habblingbo.

3. Holopella minuta n.

Pl. XV f. 63.

Shell one of the tiniest found, being so uncommonly narrow in relation to the

length, regularly elongated and slender of eight globose whorls, one and a half time

as wide as high, regularly striated with iine, curved lines, having their greatest bend

along the median Iine of the shell. H. 7 mill., br. 2 mill. Occurs frequently in the

red limestone of Sandarfve kulle.

Fam. XIII. PYRAMIDELLID^ Gray.

Gen. KIACROCHILINA Bayle.

1841 Macrocheilus Phillips Palreoz. Foss. Coruw., 103.

1842 Plectostylus Conrad Proceed. Ao. N. Se. Philad. 275.

') Angelin & Lindsteöm, Fragmenta Silurica p. 14, pl. XV, f. 19.
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1860 Sole7iisous Meek and Worthen p. p. Proc. Ac. N. So. Pliilad., 467.

1879 Duncania Bayle Journ. de Conchyliologie, vol. 19, 35.

1880 MacrocMUnalD. ibid. vol. 20, 241.

Shell elongate, bulimoid, terete, aperture ovate, columellar lip considerahly thickened

toward its base and twisted, often so vmch that an acute, revolving plait is formed.

I have ventured to place three species of Gotland Silurian shells within this

genus, mostly on acconut of their general habitus. But this position seems also justi-

fied through the conformation of tlie inner lip, which, thoiigh not showing such a

distinct plait as in some of the Carboniferous species, is evidently tortuous as in many
of them and the Devonian ones.

The oidest authors placed these fossils with Buccinum as Hoenighaus or Bucci-

nites ScHLOTHEiM, and of the subsequent names Soleniscus ought to have the priority,

as Macrocheilus as well as Plectostylus were already preoccupied. But as this genus

according to the revision of White^) contains chiefly species, which, whith their gutter-

like prolongation of the superior corner of the aperture, indicate relations with the large

division of the Siphonostoma, it can only partly be admitted as synonyraic. Dunca-

nia, given by Bayle, had already twice been employed for corals, fossil and recent,

and its author consequently changed it into that now prevalent.

1. Macrochilina cancellata n.

Pl. XVIII fig. 46—47.

Shell elongate, bulimoid, terete, with seven rauch convex whorls, the body

whorl being nearly of the same length as the spire. The suture is rather impressed

in consequence of the globosity of the whorls. The surface is most finely ornamented

by minute strise, which intersect each other longitudinally and transversally, forming

small i-egular quadrangles. The aperture is elongated and ovate, the outer lip is thin,

the inner lip thick and slightly twisted in its central part. There is no umbilicus.

Height 30 mill., br. 19 mill. Eight specimens have been obtained fi-ora the hill of

Linde and two from Sandarfve.

2. Macrocliilina bulimina n.

Pl. XV fig. 14—16, pl. XVIII fig. 48—49.

Shell elongate, bulimoid, whorls seven, moderately ventricose, body whorl in

length equal with the spire. Suture slightly impressed. Surface covered only with

rather irregular, transverse striaj, finer and coarser intermingled. The aperture is elon-

gate, the outer lip sharp and thin, the interiör one thickened towards the base, slightly

twisted and hiding the umbilicus. H. 17 millim., br. 10 millim. Another specimen,

h. 25 mill., br. 13 mill.

') Proceed. Un. St. National Museum, vol. VI, 184.
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Several specimens have been found in the limestone of the hills of Sandarfve

and Linde.

This species conaes very near to the Lower Silurian Holopea exserta Forbes,

Mem. Geol. Survey vol. III, p. 347, but is rather not so rauch ventricose.

3. Macrochilina fenestrata n.

Pl. XV fig. 17—18.

Shell elongate, slender, conical, with five whorls in the only, fragmentary spe-

cimen. These whorls have a nearly conical outline and are very little convex, the suture

is shalloAv. The surface is almost smooth, reticulated by transverse and longitudinal,

impressed lines of extreme minuteness, forming regular, fenestrate quadrangles, relati-

vely more quadrate and larger than in M. cancellata. The aperture is elongate, acu-

minate and narrow below, widened and rounded above. The outer lip is thin, the

inner one is thick and somewhat tortuous. H. 12 millim., br. 5 millim.

A single specimen has been found in the limestone of Samsugn in Othem,

Fam. XIV. SUBULITID^ n.

Shell elongate^ fiisiform, aperture ohlong, narrow, slightly, hut most distinctly canali-

culated in the swperior corner near the columella and thus a short siphon is formed. Whorls

generally straight, conical, smooth and unadorned and the suture very shallov).

In this family I enclose such palseozoic shells as Subulites and Euchrysalis. Bu-
limorpha Whitfield and Fusispira Hall probably also belong here. What characteri-

zes them all, besides the elongate and smooth shells and the narrow aperture Avith in-

complete peristome, is the important feature of a distinct apertural canal, situated ex-

actly as in all Siphonostomata and quite as much developed as in several of them,

where it has attained its smallest dimensions. This will be found on comparing such

genera as Pisania, Metula, Mangelia and especially Daphnella with Subulites, as will

be done more in full further on.

We see, consequently, in this family the most ancient representatives of the great

section of the Siphonostomous shells. Hitherto the oldest known species of that

group have been found in the Triassic strata of St. Cassian in Austria. Shells bearing

affinity to Fusus and Fasciolaria, if not strictly belonging to these genera, but at all

events to the section of the Siphonostomata, have been described by Laube^). The

limits of the range of the Siphonostomata in time must then be removed as far back as

to the youngest beds of the LoAver Silurian, where there are species of Subulites found

in the Leptsena limestone of Sweden. In Esthonia species of Subulites have also been

discovered in the contemporaneous strata.

') Fauna der Schichten von St. Cassian, III Gastrop. Denkschriften der Akad. der Wissensch. zu Wien,

Bd 28, 2e Abtheil., 31.
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The systematic place of the species of this fainily is by far not as easily cleared

up as their nature of siphonostomous shells and I think, that this question must for

the present be left undecided.

Gen. 8UBULITES Conrad.

1842 Sttbulites Conead Nat. Hist. of N. York, Geol. vol. II, 392, fig. 3.

1843 Polypliemopsis Portlock, Eept. Geol. of Londonderry, 415.

Shell slender^ elongate and fusiform. Whoiis straightly conical or ordy sUghtly con-

vex, suture shallow, and on hoth sides a nearly rectilinear outline is formed. Shell thin,

fragile and unadorned, last ivhorl elongated. Äperture elongate or more than double the

length against the breadth. It is narroio, the outer Up thin and its lowest corner proloji-

ged into a small acuminated hooJc, lohich is most characteristic. The inner Up is involute,

thus forming a central canal around the axis, and it ends above abruptly in a transverse

line, from ichich the apertural edge continues in a rounded arch. They have a tendency

to grow obliquely along a curved axis.

On plate XVIII a sketch of the apertiire of the recent, siphonostomous Daphnella

limnaaiformis L. has been given, fig. 64, to compare with that of Subulites ventricosus,

figs. 58 & 59, and of Subiil. curvus fig. 61. The great accordance, especially between

fig. 64 and fig. 59, is striking. In all there is almost the same form of the äperture, on

the columellar side the same narrow coating of a thin porcellanous stratum, and, above

all, uppermost the peculiar and characteristic notch which indicates where the sipho

is protruded in the recent shells and probably also had been protruded in the extinct

ones. Ås far as this evidence goes, there is every reason to conclude that Subulites,

as well as the related genera, also have been siphonostomous. The transverse sections

of Subulites and Euchrysalis, figs. 62 & 68, show the inflected columellar lip in the

same rnanner as a similar section of Daphnella, fig. 63, while the section of a holosto-

mous, recent Turritella, fig. 69, is quite different.

The oldest specimens of this genus already occur in the Lepttena Limestone of

Dalecarlia. In the »Fragmenta Silurica»') I have with some hesitation descinbed a

species as Subulites elongatus Portlock, but 1 now thihk that it is identical with Heli-

cites utricularis Wahlenberg^) and that it thence is to be named Sub. utricularis. This

genus seems to be restricted exclusively to the Silurian formation.

1. Subulites ventricosus Hall.

Pl. XV fig. 19—21, tab. XVIII fig. 58—59.

Subulites ventvicosa 1852. Hall Pal. N. York, II, 347, pl. 83 f. 7.

1865. Id. 20th Rept. N. Y. St. Cab., 346, pl. 15 f. 1.

1) Pag. 13, pl. XV f. 21—23.
-) Petref. Suec. p. 72.

K. Sv. Vet. Akad. Ha.idl. Bd. 1!) \;o C. 25
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Subulites brevis 1865. Winchell and Marcey, Fossils of the Niagara Liniestone of Chicago in Mem.
Boston N. H. Soc, vol. I, 100, pl. II f. 19.

1868. Meek and Worthen Geol. Survey of Illinois, III, .362, pl. 5 f. 6.

Subulites ventricosus 1868. Hall 20th Rept. N. Y. St. Cab. Revis. Ed., .398 pl. 15 f. 1.

Shell, short, thick, with five whorls, body whorl in length equal to the other

four whorls, with which it forms a small angle. Seen from the side the axis is slightly

curved. The aperture is narrow, elongate, inferiorly acuminate, above rounded; lower

lip continued downwards in an acuminated point. The outer lip thin and sharp,

somewhat inflexed, inner lip involuted, bent in a gentle curve and covered with a thin

coat of porcellanous shell matter. The siphonal notch is small, but distinct and di-

rected obliquely towards the outer lip. H. 38 mm., bfeadth 20 mm., h. of aperture

19 mm., breadth 10 mm. There is commonly only the nucleus left and the few ve-

stiges of the shell and its ornamentation show a smooth surface. Through the exte-

rior resemblance Avith American specimens, which I owe to the kindness of Messrs S.

A. Miller and Worthen, I have thought it most convenient to refer the Swedish spe-

cimens to the same species as the American ones.

It occurs in the soft shale at Hallshuk north and south of Wisby, Gnisvärd,

Walve ref, Westergarn, also from Fårö and the canal in Rute. Prof. Cleve found

specimens in Häftingsklint.

2. Subulites ventricosus, var. curvus n.

Pl. XVIII, fig. 60—61.

Shell slender, bent in a crescent shaped curve, the body whorl forming wnth the

apical ones a larger angle than iu the preceding. Whorls six, elongated, slightly con-

vex, smooth, the suture shallow. The aperture is narrow and nearly elliptical, acumi-

nated below and widened above, where the sipho is situated. The inferior corner of

the outer lip is widened in a downwards directed thorn. H. 33 millim., br. 15 millim.

This varietj' which I consider as an evolutional form or mutation of the preceding,

has been found only in the upper limestone beds near Wisby at Kålens Qvarn and

Kyrkberget and in the limestone of Samsugn.

It differs from Sub. ventricosus chiefly in the more slender shape which is so

much curved.

3. Subulites attenuatus n.

Pl. XV fig. 22, 23, 48, pl. XVIII fig. 62.

Shell elongate, slender, fusiform, with seven whorls, body whorl nearly twice as

long as broad, axis of the shell straight, not curved. Surface of the extremely tliin

shell smooth, without the least traces of ornamentation preserved on the patches still

left. Aperture elongate, narrow, nearly four times as long as broad. Lips thin, lower

corner of outer lip prolonged in a little acuminated thorn. Aperture on columellar
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side gentl}' curved, lip much involute. H. 60 raillim., bi-. 19 milL, length of body

whorl 35 milL, width of" same 6 mill., length of aperture 29 inilL, width of same 8

millim.

Abundant at Länsa and other places in Fårö, at Wialmsudd in Bunge, in the

canal from Stormyr in Rute, in Martebo, in the shale beds of Wisby, Westergarn and

Gnisvärd.

The specimen delineated on plate XV fig. 48 deviates thus far, that it is more

slender and the whorls relatively much longer than wide, but as there is only one

specimen as }'et found, I cannot ascertain if it is a distinct variety or species.

Gen. EUCHRYSÄLIS Laube.

Eiichrysalis 1868. Laube Denkschriften der Akad. der \Vissensch. in Wien 2e Abtheil., 69.

Shell elongate, icidest at the micldle of its length, whorls short and numerous, smooth

and glossy, suture shalloic, the a'perture long, narroio. outer lip sharp and thin, the inner

lip involute as in Daphnella, ending upwards in a very shalloic notch.

After having compared specimens of Euchrysalis fusiformis Munstek from St.

Cassian with specimens from Gotland described below, I cannot but think that they

all belong to the same genus. The Silurian species deviates, however, from the Tri-

assic ones in having a fine sculpture on the glossy surface. The chnracteristic form

of the aperture and the general shape of the shell itself is quite identical. No species

seem hitherto to have been found in the Devonian and Carboniferous formations.

Euchrysalis lineolata n.

Pl. XVIII tig-. 65—68.

Shell conical, tapering, slender, acuminated and straightly grown, with nine whorls,

regularly increasing in size, the bod}' whorl being only twice as large as the next pre-

ceding. The whorls are only slightly convex or tumid around their middle and the

.suture is not much impressed. The surface is sculptured by perpendicular, equidistant,

minute ridges, which have their inner side thrice as large as the exteriör one. For

the rest the surface is smooth. The aperture is, as far as visible, elongated and poin-

ted below, widened above. Thu columellar lip is involute and the siphonal notch,

above, only just perceptible. H. 13 millim., br. 4 mill. Another specimen: h. 18 mill.,

br. 4 mill.

A dozen specimens have been found in the beds of the red and gray limestone

of the hills Sandarfve and Linde.
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Additional gemis, the systematic place of which is at present uncertain.

Gen. ONYCHOCHILUS n. O

Shell ovate, sinistral, aperture narrow as a slit, oblique, oiiter lip loith thick börder,

the inner lip involute, eloiigate and ciirved like a daio, probahly ivith a rudimentary si-

phonal notch. The umbilical region is excavated and deepened into a funnel, loide ahove

and narrow downioards.

This genus must remain provisional untill raore specimens have been collected,

apt to further elucidate its structure and systematic place.

1. Onycliocliilus physa n.

Pl. XV fig. 00—58.

Shell tumid, ovate, sinistral, whorls four, the last being of more than double the

size of all the others taken together. The surface is transversally striated, parallel

with the outer lip, the strite fine, like ribs, running nearly straight from the suture to

the umbilicus. The aperture is obliquely elliptical, the outer lip thick, turned out in

a narrow elevated rim, the inner one involute and the whole side narrow. The um-
bilical region is partly destroyed and partly covered as not to be discernible. H. 4

millim., br. .3 millim. Another specimen is 8 millim. in height.

Two specimens, found in the uppermost limestone of Slite by Prof. P. T. Cleve,

are preserved in the. Museum of the University of Upsala.

2. Onycliocliilus reticulatum n.

Pl. XXI fig. 61—65.

Shell small, trochoid, obese, whorls four, tumid, body whorl more than twice

surpassing the other Avhorls. Their sides are straight or even, only slightly convex

and the suture is shallow. The ornamentation consists of fine, longitudinal strige cros-

sed by thicker, transverse, elevated ridges, nearly double as large and running obli-

quely from the suture backwards to the umbilicus. There are small, indistinct tuber-

cles at their meeting. The aperture is oblique and narrow, a little more widened at

its superior edge. Both lips are thin and the inner one shows the peculiar, clawlike

curvature. The umbilicus is a funnel, wide upwards and narrowing downwards. Sectio-

ned longitudinally the whorls show an elongated kidney like shape, being somewhat
impressed on the inner side, turned against the umbilical funnel. H. 4 millim., br. .3

millim. Three specimens have been obtained from the red limestone of the hill of

Sandarfve.

^) 'Ovvi, claw, )fE'i).ng lip.
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3. Onycliocliilus? cocMeatum n.

Pl. XVIII fig. 54—57.

Shell SDjall, narrow, siuistral, elongately turriculate. The fragmentary speciraens

have only five whorls left. These whorls are short, depressed, nearly discifovm, with

an acute ridge around their median line and another ridge on the umbilical side.

Transverse lines, regularly distantiated, cross these ridges in a highly acute angle. To

judge by the fragments the columellar side of the aperture has been narrow and cur-

ved and the umbilicus open and wide. H. 6 mill., br. 4 mill.

From the limestone beds of Slite and Sandai-fve.
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APPENDIX A.

Table showing the succession of the Palaeozoic strata of Sweden.

I. Cambrian.

1. Oldest sandstone beds of Westrogotliia etc. Eophyton and Fucoid sandstones

at Lugnas.

2. Paradoxides-schists.

a) Zone of Paradoxides Kjerulfi. Hyolithus. A »Metoptoma» fouud by Schma-

LENSEE aooordiug to Lnsn.

b) Parad. Oelandicus.

c) Parad. Tessini. »Metoptoma» Banandei Lnsn.

d) Parad. Davidis.

e) Parad. Forchh ammeri.

f) Ägnostus Icevigatus.

3. Olenus-schists.

4. Dictyoneina-schists.

II. Lower Silurian.

1. Ceratopyge-limestone.

'i. Lower Graptolite-schists.

3

.

Orfhoceratite-limestone.

a) Lower red limestone. Plem-otomana.

b) Lower gray limestone. Bellerophon. Euoniphaius

c) Upper red limestone. Metoptoma.

d) Upper gray limestone. Conukria.

4. Middle Graptolite-schists.

b. Chasmops-limestone. Couularia. Tremanotus.

6. Trinucleus-SChistS. Phanerotinus (?).

7. Brachiopod-SchistS. Platyoeras.

8. Upper Graptolite-sdiists (Retiolites shale of Borenshult etc.) Conukria. »Patelk»

antiqiiissima. Murchisouia.

9. Leptcena-limestone of Dalecarlia. Pktyceras. Cyclonema. Callouema. HolopeUa. Subulites.

III. Upper Silurian.

1. Llandovery-heds near Wisby in Gotland, also at Stygfors and Nitsjö etc. in

Dalecarlia.

2. Wenloch shale and sandstone of Gotland. Signed a, see page 7.

3. Limestone beds of Gotland, Scania and Jemtland, shale and sandstone beds

of Scania. The Gotland beds are signed b and c on pages 7 & 9 and
following.
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APPENDIX B.

Index to the generic names applied to tlie Gastropoda of the
Palseozoic Period.

Adis LovÉN 1846, Ind. Moll. 16, used by
White 1881, App. to Rep. U. S. Geol.

Survey vol. III, xxxv, for a Carbonif.

shell.

Ädisina De Koninck 1881, Faune du Cal-

caire Carbonif. de la Belgique II,in,

86. Like a Holopella.

Acrocidia see the next.

Acrocylia Phillips 1841, Palajozoic. Foss. of

Cornwall, 93. As the name is deri-

ved from cuqov apex and kvMo) I roll,

it must be written as here. Identic

with Platyceras, which is prior.

Acrocyllia Hermannsen 1846, Indicis Gen.

Malac. primordia, 15. See Acrocylia.

Actita FiscHER von Waldheim 1823, Mera.

de la Soc. imp. d. Naturalistes de Mos-
cou vol. VI, 234. Deriv. a?iTirrig, livino-

near the shore. Intended not only for

the recent genera Capulus and Pile-

opsis, but, as seen in BuU. de Moscou

1844, 832, FiscHER also included Car-

boniferous Platycerata in it.

Ägnesia De Kon. 1883, Faune Carb. Belg.

II,in, 99. A sinistral Pleurotomaria.

Ampullacera Quoy & Gaimard 1832, Voy.

Astrol. Zool. II, 196. Used by De
KoNiNCK 1843 in Anim. Foss. Carbonif.

Belg. 486. One of the Pleurotomarida?

= Scalites according to De Kon. 1881.

AmpullariahA^K 1799, Prodr. 76, employed

by SowEEBY 182S, Min. Conch. VI, 40,

for shells of the Belgian Carbon. Form.

probably Euomphali.

Anatomus Montfort 1810, Conch. Syst. II,

278. = Pleurotomaria p. p.

Anoviphalus Meek & Worthen 1866, Pro-
ceed. Acad. N. Se. Philadelphia, 268.

Seems to be one of the Umbonida3.

Anthrncochiton Rochebrune 1882, Ann. Se.

Géol., XIV, 26. Carbonif.

Anticalyptrcaa Quenstedt 1884, Handbuch
der Petrefaktenkunde, 3e Aufl., 673. =
Autodetus.

Autodetus Lindström 1884, Silurian Gastro-

poda of Gotland, 185. One of the

Phoridae.

Bai/lea De Kon. 1883, Faune II,iv, 68, Fam.
Pleurotomarida3 ?

Bellerophon Montf. 1808, Conch. System.

I, 51.

Bellerophus Blainville 1825, Malac. 477.

"Mala emendatio» of the preceding,

says Hermannsen.

Beloplaxus Oehlert 1&81, Mem. Soc. Géol.

de France, 3 Ser. vol. II, 17. A Devo-

nian Chitonid; type Chiton sagittalis

Sandberger.

Bifrontia Deshayes 1833, Descript. Coq.

Foss. des environs de Paris II, 221.

Contains chiefly Tertiary species, but

Deshayes also ranged Euomph. catil-

lus in this genus.

Brilonella Kayser 1873, Zeitschrift Deutsch.

Geol. Gesellsch., 672. A Devonian shell

of the Pleurotomarida^.

Bucanella Meek 1870, Proceed. Amer. Phi-

los. Soc, vol. 11, 426.
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Bucania Hall 1847, Pal. N. York I, 32.

A Bellerophon with caricellated orna-

mentation.

Buccihites Schlotheim 1820, Petrefacten-

kunde, 127. Contains, besides others,

Devonian Macrochilinaä.

Buccinum L. 1 758, S. N. ed. X, 734. Hoenig-

HAUS and others used it for species of

Macrochilina.

Bulimella Hall 1858, Transact. Albany Iii-

stit. vol. IV, 29. = Macrochilina? The

name is preoccupied hj Pfeiffeb in

1852.

Bulimorpha Whitfield 1882, BuUet. JS 3,

American Museum Nat. Hist., 74.

Callomma Hall 1879, Pal. N. York vol. V,

pt. n, 50. The species of this genus

were formerly regarded as belonging

to Isonema.

Calyinrwa Lam. 1799, Prodr., 78. Autode-

tus was first considered to belong to

this genus by Eichwald Leth. ross. I,

pt. 2, 1104.

Capreolus R. Etheridge Sr 1878, Qu. Journ.

Geol. Soc. vol. 34, 603, lapsu pro Ca-

pulus.

Cajjulus Montfort 1810, Conch. System.

II, 54 has been applied by various

authors to most species of Platyceras.

Carinaropsis Hall 1847, Pal. N. York, I,

183. Species of Bellerophon and Le-

petopsis.

Catantostoma Sandberger 1842, Leonh. &
Bronn Jahrb. 392. Fam. Pleurotoma-

ridffi.

Centrifugus Hisinger 1835 in a letter to

Bronn according to Lethsea Geogn.

vol. 1 ed. 1, 96. = Inachus His.

Cerithium Adanson 1757, Seneg. 153. Used

by Verneuil and others for Silurian

shells of difforent genera.

Chelodes Davidson & King 1874, Qu. Journ.

Geol. Soc, 167, a subgenus of Chiton.

Cheinnitzia D'Orb. 1839 in Webb and Ber-

thelot Hes Canar. . . . Hermannsen.

Ind. I, 222 identifies Loxonema Phil-

lips and Phasianella p. p. Goldf. with

this genus.

Chiton L. 1758, S. N. X, 667. Barrande
Syst. Sil. Boh. III, 175 has a species

of Chiton, which belongs to Chelodes.

Chonechiton Carpenter 1882 accordinsf to

Dall Proceed. Un. States Nat. Mu-
seum, 1882, 280. Carbonif. Belgium.

Cirridius De Kon. 1882, Faune, II,iii, 101

= Cirrus De Kon. 1843 not Sow.

Cirriis SowERBY 1816, Min. Conch. II, 93 =
Euomphalus according to Sowerby him-

self 1. c. p. 219.

Clisospira Billings 1865, Pal. Foss. I, 186.

A Lower Silurian species probably al-

lied to Autodetus or the Phoridte.

Codonoc/iilus (not Codonocheilus) Whit-
eaves 1884, Geol. Surv. of Canada, Pa-

laäoz. Foss. vol. III pt. I, 17. Upper
Silurian Canada.

Coelocentruft Zittel 1882, Handbuch d. Pal.

1 Bd., 206 --- Cirrus De Kon. Euomph.
Goldfussi D'Arch. & Vern is the type.

Conchopeltis Wai.cott 1876, 28th Rept. State

Cab. N. Y., 93. A Patelloid or a

Pteropod?

ConcJmla Steiningee 1853, Geognost. Be-

schreibung der Eifel, 46. Diäers from

Scoliostoma through the shape of the

aperture, which is parallel with the

axis of the shell. Devonian.

Crasjjedostoma Lindstr. 1884, Silur. Gastro-

poda of Gotland, 181.

Cryptcenia E. Dbslongchamps 1865, Bull.

Soc. Linnéenne de Normandie, 424. A
Pleurotomaria found in the Carbonlfe-

rous strata and also in Lias.

Cydonema Hall 1852, Pal. N. Y. vol. II, 89.

Cyclora Hall 1845, Sillim. Journal, vol.

48, 294.
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Cyrtolites Conrad 1838, Ann. Rep. N. Y.

State Cab., 118.

Cyrto7iella Hall 1879, Pal. N. Y. vol. V, pt.

II, 123.

Delphinula Lamk 1804, Ann. du Mnséum IV,

108. GoLDFUSS and Hisinger have re-

ferred several of the Oriostomata to

this genus. True Delphinula begin to

appear in the strata of St. Cassian.

Dentalium L. 1758, S. N. ed. X, 785. The

oldest species known are Devonian.

Ditaxopus Rafinesque 1839, Bull. Soc. Géol.

X, 378. Perhaps a Bellerophon.

Duncajiia Bayle 1879, Journ. de Conchy-

liologie vol. 19, 35, låter changed into

Macrochilina.

Eccyliomphalus (not Ecculiomphalns) Port-

lock 1843, Rep., 411. Most species

nothing but evolute Euomphali. Ac-

cording to the derivation the naine is

to be written as above.

Elenchus Humphrey 1797, Mus. Calonnia-

nura . . ., according to Mac Coy Carb.

Foss. Ireland, 42, a species in the Old

Red Sandstone of Ireland, but may
probably belong to another genus.

Ellipsolithes Sowerby 1813, Min. Conch.,

vol. I 81, non Montfort, whose genus

embraced only Polythalamia. Sowerby
has himself låter in Min. Conch. vol.

5 p. 107 corrected his species and in-

dicated two as Cephalopoda and one,

Eu. ovatus, as a Bellerophon.

Entalis Gray 1840, Syn. Brit. Mus. . . . See

Waagen. Pal. Ind. XII p. 180.

Eotrochus Whitfield 1882, Bullet. Amer.

Mus. N. Hist. M '6 p. 77.

EuchiysalisljÅHBE 1868, Denkschriften Akad.

Wissensch. zu Wien, 2:e Abtheil. 69.

Silurian and Trias.

Euliina Risso 1826, Hist. IV p. 123, Loxo-

nema and Polypheraopsis are synony-

mous according to Hermannsen.
K. Sv. Vct.-.ikad. Handl Bd. li>. N:o G.

Eunema Salter 1873, Catal. Mus. Cambrid-

ge, 156.

Euomphalopterus Ferd. Roemer 1876, Leth.

Geogn. Atlas. Taf. 14. f. 9. — 'i'yP^'

E. (Pleurotomaria) alata, Silurian.

Eiiomphalus Sow . 1814, Min. Conch. vol. 1, 97.

Euphemus Mac Coy, 1844 Carbonif. Foss.

of Ireland, 25. Although M'Coy him-

self låter, in Brit. Palaeoz. Foss., 308,

declared that this genus was identical

with Bellerophon, the slit band having

by oversight been described as defi-

cient, Waagen and De Koninck have

again tried to revive it. But on com-

paring the species described by both

these authors as belonging to Euphe-

mus, it is easily found that the Eu-

phemus of Waagen cannot be recon-

ciled with that of De Koninck. While

the latter author as Euphemi describes

E. Urii and other Bellerophons, Waa-
gen makes us acquainted with several

forms so stränge, that it may be doub-

ted whether they are Gastropoda at

all or not rather Cephalopoda of some

new genus.

Exogyroceras Meek and Worthen 1868, Geol.

Survey of Illinois, vol. Ill, 509.

Fissurella Brug. 1789, Encvcl. method. vol. I

p. XIV, pala30zoic according to Gold-

Fuss and Mac Coy, but Jhering, Moll.

p. 78, says that they are met with

first in Trias.

Flemingia De Kon. 1882, Faune II, iii, 94.

Fusisp)ira Hall 1870, 24th Rep. St. Museum
N. York p. 229.

Glyptobasis De Kon. 1883, Faune, II, iii, 92.

Similar to a Trochus.

Glyptochiton De Kon. 1883, Faune II, iii,

211.

Gosseletia De Kon. 1883, Faune II, iii, 28.

The name is already in 1881 preoc-

26
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cupied for a Lamellibranchiate by Cii.

Barrois in Ann. Soc. Géol. du Nord

VIII p. 176. Pleurotoinaria.

Gryphochiton Gray, 1847, Proc. Zool. Soc.

p. 70. Devon. and Carbon.

Gyrotrema Barrande 1868, apud Bigsby.

Thes. Silur. p. 167 = Tremanotus.

Hall.

Helcion Montfort 1810, Conch. Syst. II p.

63, applied by soine to palajozoic Pa-

tellids.

Helicites Schlotheim 1813, Jahrb. VII p. 35.

Contains species of different genera,

as Euomphalus, Pleurotomaria, Orio-

stoina.

Helicotoma Salter 1859. Dec. I, Geol.

Survey of Canada, 10 =- Euomphalus

and Pleurotomaria.

Helminthochiton Salter 1846, Proc. Geol.

Soc. Lond, 49, 51, 52, f. 6.

Hercynella Kayser 1878, Fauna der älte-

sten Devonabl. d. Harz, 101. = Pili-

dium Barr. Mss not Forbes.

Holopea Hall 1847, Pal. N. Y. vol. I, 169.

Holopella Mac Coy 1852, Brit. Pal. Foss., 303.

Hormotoma Salter 1859, Canad. Organ.

Remains Dec. I, 18. — Murchisonia.

Tgoceras Hall 1859, Pal. N. Y. vol. III,

330. = Platyceras.

Inachus Hisinger 1838, Lethaäa, 37. Name
preoccupied for a Crustacean. Consi-

sted of three species of which one, I.

sulcatus, is a Pleurotomaria, I. angu-

latus, is a Oriostoma and I. costatus a

Cephalopodous shell, probably a Tro-

choceras.

Isonema Meek and Worthen 1865, Proc.

Acad. Nat. Se. Philad., 251.

Lepetopsis Whitfield 1882, Bullet. Åmer.

Museum of Natural. Hist. -^ 3, 67.

Litiopsis Edw. Forbes accord. to Salter

1866 in Mem. Geol. Survey III, 346 =
Holopea.

Litorina Fér. 1821, Tabl. System., XXXIV.
Several of the palajozoic species, which

have been called Cyclonema, were re-

garded as Litorina? by Pictet.

Loricites Carpenter accord. to Dall, Pro-

ceed. U. S. Nat. Mus. 1882, 281, A
Carboniferous Chitonid from Belgium.

Loxonenia Phil. 1841, Palajoz. Foss. of

Cornwall, 98.

Luciella De Kon. 1883, Faune Carbonif.

Belgique II, iv, 107. A Pleurotomaria.

Madurea Emmons 1843, Geol. N. Y. H,

312.

Maclurita Blainville 1825, Malac, 424.

Maclurites Le Sueur 1818, Journ. Ac. N.

S. vol. I, 312.

Macrochilus (not Macrocheilus) Phil. 1841,

PalaBoz. Foss., 103.

Macrochilina Bayle 1880, Journ. de Con-

chyliologie 3 Ser. vol. XX, 241. = Ma-

crochilus & Duncania.

Margarita Leach 1819, Journ. de Ph3^s.

464, Waagen Salt Range Fossils, 111.

Metoptoma Phill. 1836, Geol. Yorkshire pt.

2, 223.

Michelia F. A. Roemer 1854, Palasontogra-

phica Bd. 3, 73. Near Loxonema.

Microceras Hall 1845, Sillim. Journ. vol.

48, 294.

Microdoma Meek and Worthen 1866, Phi-

ladelphia Proceed. 269.

Mitchellia De Kon. 1876, Foss. du Nouv.

Galles du Sud I, 128.

Mogulia Waagen 1880, Salt Range Foss.

Palasont. Indica vol. XIII, 131.

Mourlonia De Kon. 1883, Faune Carbonif.

de Belg., 245. = A Pleurotomaria.

Murchisonia D'Archiac & Verneuil 1841.

Bull. Soc. Géol. XII, 154.

Narica Réclifz 1841, according to D'Orb.

Moll. Cub. II, 39, used by De Koninck

1844, Anim. Terr. Carbonif., 475.
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Nassacites Kruger 1823, Gesch. der Urwelt

Th. 2, 417. -- Machrochilina?

Natica Adanson 1757, Senegal., 172. D'Or-

BIGNY and PiCTET consider that this

genus is represented in the Silurian

formation, probably = Platyceras.

Naticella Swainson 1840, Malac, 345. There

are species referred to this genus de-

scribed from the Silurian and Carbo-

niferous formations, but probably be-

longing to other genera.

Naticodon De Ryckholt 1852, Mélanges

paléontologiques, 75, in Mém. Cour.

Acad. R. d. Sci. de Belgique Ire pt.,

75. Carboniferous.

Naticopsis Mac Coy 1844 Synops. Carbo-

nif. Spec. of Ireland, 33.

Natiria De Kon. 1881, Faune Calc. Carbo-

nif. Belg. II, iii, 5.

Nerita L. 1758 S. N. ed. X, 776, N. hali-

otis Sow. Sil. Syst. = Platyceras.

Neritomopsis Waagen 1880, Pal. Ind. XII,

106.

Niso Risso 1826, Hist. IV, 218. Employed

by De Koningk in Fossiles Pal. de Nouv.

Galles du Sud 1876, 127, for a Devo-

nian species.

Odontomaria Ferd. Roemee 1876, Leth.

Geogn. 1 Theil. Taf. 29, f. 10,Devonian.

Omphalotrochus Meek 1864, Rept. Geol. Surv.

California. Palaäont. vol. 1, 16. Rela-

ted to Oriostoma, not a Pleurotoma-

rian as De Koningk thinks.

Onychochilus Lindström 1884, Silurian Ga-

stropoda of Gotland, 196.

Ophileta Vanuxem 1842, Geol. N. Y. vol.

III, 36.

Oriostoma Munier-Chalmas 1876, Journal

de Conchyl. vol. XVI, 103. Comprises

several palseozoic forms which have

been regarded as Euomphali, without

being provided with the characteristic

slit in the aperture.

Orthoneiiia Meek & W()Rthen 1861, Proc.

Acad. N. Se. Philad., 146, Carbonife-

rous.

Orthonychia Hall 1843, Rept. 4th Distr. N.

Y. Geol. Surv., 172. A division of

Platyceras.

Orthostoma Conrad 1838, Ann. Rep. N. Y.,

119. Perhaps a disjointed Euompha-
lus, perhaps a Cephalopod.

Palceacmcea Hall 1873, 23d Rept. N. Y.

St. Cab., 242.

Palceotrochus Hall 1879, Pal. N. Y. vol.

V, pt. II, 133.

PaMla L. 1758, S. N. ed. X, 780.

Patellostium Waagen 1880, Pal. Ind. XII,

131. One of the Bellerophons.

Phanerotinus Sow. 1844, Min. Conch. vol.

VII, 29. A ver}^ interesting form with

disjointed whorls, piano-spiral and a

large cristate lamina along the dorsal

side. Is it related to the alate Pleu-

rotomariffi?

Phasianella Lamk 1804, Ann. du Museum,

IV, 295. According to Waagen Pal.

Indica XII, 109, Carboniferous.

Phoriis MoNTFORT 1810, Conch., Syst. II, 158.

According to Eudes-Deslongchamps,

Bullet. Soc. Linnéenne de Normandie

VI, 146 there is a Devonian species.

Phragmolithes Conrad 1838, Rept. N. Y.

Geol. Surv., 119. = Cyrtolites.

Phraginostoma Hall 1861, 14th Rept. N. Y.

State Cab., 94.

Phymatifer De Koningk 1881, Faune II, m,

149. Related to Porcellia.

PileopsishAMK. 1812, »Extrait d'un Cours» etc.

according to Herrmannsen Index II,

268. Anira. sans Vertebr. 1822, vol. 6,

2 p. 16- The fossil species of Lamarck

are tertiary, the majority is recent.

Piiidion Barrande 1865, according to BiGS-

BY. Thes. Silur. 161, 168.

Pithodea De Koningk 1881, Faune II, iii, 88.
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Pitonellus MoNTFORT 1810, Conchyl. System.

II, 170.

Platyceras Conrad 1840, Ann. Rept. Geol.

Surv. N. Y., 205.

Platystoina (not Platyostotna) Cone. 1842,

Acacl. Nat. Sci. Philad. Journ. 1839—
42, 275.

Platy{o)stoiiiella R. ETHERiDGEJr 1880, Proc.

R. Phys. Soc. Edinb., 163, Carbonif.

Platyschisma Mac Coy 1844, Carbonif. Foss.

of Ireland, 38.

Plectostylus Conrad 1842, Journ. Ac. N.

Se. Phil. 1839—42, 275. The name
in 1837 preocciipied by Beck for a

Helicid shell.

Pleuronotus Hall 1879, Pal. N. Y. vol. V,

pt. II, 138. = Euomph. Decewi.

Pleurolomaria De France 1821 in Férus-

sac, Tabl. Svst., XXXIV.
Plenrotomarium Blainville 1825, Malae.,

429, »niale» Hermannsen.

Polyphemopsis Portlock 1843, Rept. Geol.

Londonderry, 415, probably = Subu-

lites.

Polytremaria D'Orb. 1850. Prodr. I, 122.

Carbonif.

Polytropis De Koninck 1881, Faune II, iii,

107. = Oriostoma.

Porcellia L'Eveillé 1835, Mera. Soc. Géol.

de France II, 39.

Portlockia De Kon. 1881, Faune II, iii, 81.

Priscochiton Billings 1865, Palteoz. Foss.

Canada I, 394. Lower Silurian.

Probolceum Carpenter according to Dall

1882, Proc. N. S. Nat. Mus. 281, a

Devonian Chitonid.

Protalochiton Rochebrune 1882, Ann. Soc.

Géol. XIV, 30, Carbon.

Pseudopliorus Meek 1873, Geol. of Ohio I,

222.

Pterochiton Carpenter according to Dall

1882, Proc. U. S. Nat. Mus.' 281, Bel-

giura, Ireland, Carbonif.

Ptychoniphalus Agassiz 1837 in Gross-Bri-

taniens Mineral Conchologie von James

Sowerby. Deutsche Bearbeit. von Ag.,

23 and 222,

Pycnomphalus Lindstr. 1884, Silurian Ga-

stropoda of Gotland, 153.

Rhabdoiileura De Kon. 1881, Faune II, iii, 75.

Rhaphistoina Hall 1847, Pal. N. Y. I, 28.

R/wieoderiiiaDEKotii. 1883, Faune, II, iv, 103.

Rhomhochiton De Kon. 1883, Faune II, iv, 206.

Rotella Lam. 1822, Hist. VII, 6. According

to De Koninck a fossil species occurs

in the Carbonif. form. of Belgium.

Rotellina De Kon. 1883, Faune II, iv, 92.

Sagmuplaxus Oeiilert 1881, Méin. Soc.

Géol. de France 3me Ser. Torne II, 15

a Chitonid.

Salpingostoma Ferd. Roemer 1876, Leth.

Geogn. Taf. 5, f. 12.

Sccpvogyra Whitfield 1877, Paljeontology

of Wisconsin, 253.

Scalites Conrad 1842, Emmons Geol. Rep.,

312.

Scismrella D'Orb. 1823, Mém. Soc. H. N.

Par. I, 340.

Schizostoma Bronn 1835, Lethfea, Ed. 1 vol.

I, 95.

Scoliostoma M. Braun 1838, N. Jahrbuch, 291.

Serpularia A. F. Roemer 1843, Geol. Harz-

gebirge, 31. =^ Pleurotomaria.

Siphonaria Sow. 1824, Gen. of Shells, pl.

143. Used by Barrande according to

BiGSBY, Thes. SiL, 168 for a Bohe-

uiian Patelloid.

Solavium Lamk 1801, Syst. anim. s. vert.

86. De Koninck used 1843 this name

for Euomphalus or Pleuronotus.

Soleniscus Meek & Worthen 1860, Proc.

Ac. N. Se. Philad., 467, Carbonif.

Spirorbis, Steininger 1831, Bemerkungen

uber die Verstein. in der Eifel. Stei-

ningers Sp. maximus belongs to the

Devonian Euomphalus.
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Stachella Waagen 1880, Pal. lod. XII, 132.

Stomatella Lamk 1809, Phil. zool., I, 321.

Used by Barkande accord. to Bigsby

Thes. Sil., 168.

Stomatia Lamk 1801, Syst. anim. s. vert.,

96. PiCTET and JiiERiNG think tliat

there are Silurian species.

Straparollina Billings 1865, Palasoz. Foss.

of Canada, 223.

Straparoliis Montfort 1810, Conch. syst.

II, 174. Derived from aT()a/iög, tor-

sus, and Rollus, a barbarous word for

the French »Rouleau».

Strobeus De Kon. 1881, Faune II, iii, 25.

— Elenchus Mac Coy not Humphrey.

Strophites Dawson 1880, Auier. Journ. Se.

& Arts 3d Ser. vol. 20, 412. A De-

vonian Landshell?

Strophostylus Hall 1859, 12th Rept. N. Y.

St. Cab., 20. Probably a Platyeeras.

Subulites Conrad 1842, N. Hist. of N. Y.,

vol. II, 392.

Sulcochiton Ryckholt 1862, Jourii. Couch.

X, 259.

Terebra Adanson 1757, Seneg., 49, used

by SowERBY for Loxonema sinuosa.

Sil. Syst.

Trachydomia Meek and Worthen 1866,

Geol. Survey Illiji. vol. 2, 364. Carbonif.

Tremanotus Hall 1868, 20th Rept. N. Y.

State Cab. 399.

Trochilites Scpilotheim 1820, Petrefakten-

kunde, 156.

Trochita Schum. 1817, Essai, 184, Mac Coy

Carbonif. Foss. Irel., considers a fossil

to belong here. There are also other

palfeozoic species by mistake referred

to this genus.

Trochonema Salter 1859, Canad. Organ.

Remains I, 27.

Trochotremaria Ryckholt, Carbonif. of Bel-

giuin aecording to Zittel Palseont. Bd
1, 2, 181.

Trochus L. 1758, S. N. Ed. X, 756.

Tropidocydus De Koninck 1882, Mém. Soc.

Geol. de Belg. t. IX, 12.

Tropidiscus Meek 1866, Proc. Chic. Acad.

Se. vol. I, 9. = Cyrtolites.

Trojridodiscus Waagen 1880 Palasont. Indica,

XIII, 131, naine of the former ernen-

dated by Waagen.
Tryblidium Lindström 1880, in Fragmenta

Silurica, 15.

Tubina Barr. 1860, in Owen Palteonto-

logy, 71.

Turbina De Koninck 1881, Faune II, iii, 67.

Tarbinilopsis De Kon. 1881, Ibid. 89.

Turbinites Sciiloth. 1820, Petref.-kunde

163, Waiilenberg applied it to several

species of OriostOTna.

Turbo L. 1758, S. N- X, 761, Pictet and

D'Orbigny gave this name to several

of the Oriostomata and Cyclonemata.

Turbonellina De Kon. 1881, Faune II, iii, 77.

Turbonitella De Kon. 1881, Faune II, m, 72.

Turritella Lamk 1801, Syst. anim. s. vert.

89. Used for Murchisonia and other

spirally wound shells by several au-

thors.

Tychonia De Kon. 1881, Faune II, iit, 7.

Umbonium Link 1807, Beschreib. Rostocker

Samml. III. 136, Devon.

Faszi/z^e.S' Herrmannsen 1849. Index II, 677,

cites it as used by Montfort in »Suites

a Buffonn-Sonini IV, 298.

Waagenella De Koninck 1883, Faune II, iv.

Explic. des planches n:o 38, for

Waagenia De Koninck 1882, Ann. Soc. Geol.

de Belgique t. IX, 14, v^^hich name had

already been preoccupied.

Warthia Waagen 1880, Pal. Indica XIII, 131.

Worthenia De Kon. 1883, Faune III, iv, 64.

Xenophora Fischer von Waldheim 1806,

»Museum Demidowianum, 213)'. Meek

and Worthen rankad a Carbonif. spe-

cies in this genus.
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PLATE I.

The originals lo tlie figures belong to the Swedish State Museum of Natural History in Stockholm, unless othervvise stated.



208 G. LINDSTRÖM, ON THE SILURIAN GASTROPODA AND PTEltOPODA OP GOTLAND.

Plate 1.

Fig. 1— 3. Conularia cancellata Sandb. pag. 42. Fig. 1 spines on the lowest row with broken points,

whence the ciroular openings, f. 2 part of two transverse ridges highly magnified, f. 3

longitudinal sectiou. The long spiues are those on the ridges, the short ones are sections of

the ridges where no spines are fouud.

» 4— 8. Conularia bilineata n. p. 45. F. 4 lateral view, f. 5 section near the upper luargin, f. 6 surfaoe

near the apex magnified, f. 7 the same higher up between the two median septa, f. 8

ornamentation iu lower part of tbe shelL

» 9— 12. Conularia monile n., p. 44. P. 11 transverse lines magnified and sectioned longitudinally, f. 12

transverse section of transverse lines.

» 13— 16. Conularia leevis n., p. 45. Fig. 15 transverse section of specimen fig. 13., fig. 16 surface of

fig. 14 enlarged.

» 17—24. Autodetus calyptratus Schrenk, p. 185. Fig 17 shell in its natural position and grown on a

Favosites, figs 17 a — 22 other specimens and details of apex and umbilicus, fig. 24 part

of the longitudinal sectiou magnified to show the cellulär structure outside the whorls.

1) 25—31. Tryhlidium reticulatum u., p. 55. Fig. 27—28 apex of a young specimen, f. 29 interiör stratum

with traces of colour bands, f. 30 mnscular scars of the inside, f. 31 longitudinal section

of the shell.

» 32. Patella (Olana) cochlear L. Recent. Inside to show the muscular scars.

" 33—37. Tryblidium unc/uis n., p. 56. Fig. 36 inside of apex with oval pit like a scar, f. 37 inside of

shell with mnscular scars.

« 38—39. Nacella deaurata Gmeltn, recent from Foua, to oompare the exteriör shape with the preceding.



K.Vet^ Akadem Haiidl.Bd.l9 W 6, ij.Lindström- Silurian Gastropoda of Gotland Pl I,
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PLATE II.
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210 G. LINDSTRÖM, ON THE SJLURIAN GASTHOPODA AND PTEKOPODA OF GOTLAND.

Plate II.

Fig. 1— 4. Chelodes Bergmani Davidson & King, p. 51. Same specimen as figured by Davidson.
u 5— 8. Anotber specimen also from Klinteberg-, 7—8 in natural size.

» 9— 10. Chelodes Gotlandicus n. p. 52, from Grötlingbo.

« 11—15. A specimen from Grötlingbo, f. 13—14 nat. size.

» 16— 17. A specimen from Bursvik, nat. size.

» 18—27. Shorter valves from Grötlingbo, f. 20—21 nat. size.

» 28. Uhiton sp. indet. Recent. Interiör side to oompare with fig. 25.

Platyceras cornutum Hisinger p. 63.

» 29— 31. From Wisby, details of ornamentation magnified.

» 32—36. From Fårö, f. 32—33 resembling Nerita haliotis Sow., 34—36 like a lantliina.

» 37—38. From Eskelliem, »Stropliostylus-).

» 39— 40. Large specimen from Fårö, nat. size.

» 41—43. From Klinteberg, with lobate aperture. Compare Plåt. niagarense Hall the 28 Eept. N. T. St.

Cab. pl. 28 f. 2-4.
„ 44—45. Nucleus from shale beds of Wisby.

» 46—47. From Klinteberg, loosely coiled.

» 48. From middle limestone of Wisby.

» 49— 50. From Klinteberg, disjointed wliorls.

» 51. Drawn from Hisingers original specimen to »Pileopsis cornuta» as exact as possible, nat. size.

« 52. Drawn from Hisinger's original specimen to »Pileopsis sulcatau being corroded sample of the

followiiig variety, nat. size.

» 53—57. Variety "loricatum» from Klinteberg f. 55 umbilical side, f. 56 the apical one.

» 58. Craspedostoma elegantulum n. p. 183.

» 59—72. Platyceras enorme n. p. 69, various specimens, with details of ornamentation, all from Rikvide

in the parisli of När.

)' 73—78. Platyceras disciforme n. p. 68, from the sandstone of Hoburg in nat, size, ornamentation highly

masnified.



K Vet Akadem HandlBd.19 N" 6 O Lindström; Silunan Gastropoda of GotlandPl.il.

G. Liljevall dei.ä;h1h CenJral-Tryclceriet, Stockliolni.
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PLATE nr.



212 G. LINDSTRÖM, ON THE SILUIUAN GASTKOroDA AND FTEROPODA OF GOTLAND.

Plate III.

Fig. 1— 5. Tryblidium reticulatum n. p. 55. Fig. 1 & 2 microseopical vertical and borizontal sections of the

shell, showing its strata perforated by tubes of unknown, parasitic organism, f. 3 another

vertical section, f. 4 vertical sectiou with apparently tubular structure, formed by small de-

pressions or pits on tbe surface of tbe shelly strata, f. 5 surface of shell from the margin

of the aperture, raagnified; the elevated, white döts being the filled up tubes of the parasitic

organism.

» 6 — 0. Platyceras cormilum His. p. 63. Fig. 6 from Kliiiteberg, with aperture evidently moulded

after the surface of some other organism on which it had been fixed, f. 7— 9 from Wisby.

» 10— 18. Platyceras prototypum. Phill. p. 67. Fig. 10— 10 a from Klinteberg, f. 11— 12 from the shale of

Wisby, identical in ornamentation with speciraens of Platystoma niagarense, f. 13—14

from the hill of Sandarfve, f. 15 ornamentation of the same and profile of a transverse ridge,

f. 16 a pair of its apertural lamelliie, f. 17 vertical section of seveuteen lamellae, as they

were left in situ imbedded in soft limestone, slightly magnified, f. 18 one of the lamellae

higlily magnified to show its intimate structure,

» 19—26. Platyceras cornutum His. p. 63. Fig. 19—-22 vertical sections of the shell, f. 23 interiör surface

of the shell seen under the microscope; f. 24 part of the same still more magnified, f. 25—26

horizontal sections of the shell.

» 27— 31. Oriostoma helicinum n. p. 170, from the canal near Westöös in Hall.

M 32—34. Craspeclostoma spinulosum n. p. 182, from Hoburg, f. 34 nat. size.

» 35— 38. Bellerophon sphcera n. p. 74, from the shale of Wisby.

» 39—40. Tremanotus longitudinalis n. p. 86, from Lutterhorn iu Fårö, with apertural expansions left in situ.
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PLATE IV.



214 G. LINDSTRÖM, ON THK SILURIAN CiASTKOPODA AND 1'TKHOPODA OF GOTLAND.

Plate IV.

Fig. 1— 7. Trernanotus longitudinalis n. p. 86, all specimens from Wisby, f. 5 dorsal keel witli apertures,

from a cast, f. 6 magnified details of the same, showing septa like, curved lines, going

transversally, marking vvhere apertural lamellte have been situated.

» 8—12. Tremanotus compressus n. p. 87, from Ostergarn.

» 13— 15. Bellerophon trilobatua Sow., p. 80, from Petesvik, Habblingbo.



KVet Akadem,HandlBd.l9 Ns6. G.Lindström: Silunan Gastropoda of Gotland PIJV,

G. Liljevall del.a lith. Cenlral-iT/clcenet^ Stockholm.
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PLATE V.



216 G. LINDSTRÖM, ON TIIE SILURIAN GASTROPODA AND PTEROPODA OF GOTLAND.

Plate v.

Fig. 1— 16. Bellerophon sphara n., p. 74. Fig. 3 cast of »dorsal» part with the elevated slit band and section

of the same, f. 4 the same from the side, f. 7, surface of a variety with lateral view and

section, f. 8 slit band enlarged, f. 10 section of the innermost whorls, with the hooklike

laraellie of the surface, f. 12 section of a large speciraen with exceedingly thick walls around

the umbilicus, f. 13—16 details of surface sculpture around the umbilicus.

» 17—-24. Bellerojjlion squamosus n., p. 78. Fig. 17— 19 specimen in nat. size, f. 20 smaller speciraen in

natural size and its slit band in f. 21, f. 23 section of the shell with the thin laraellar processes

from the lines of growth, f. 24 curves formed by the extreme edges of these lines of growth,

sectioned horizontally.

» 25—34. Bellerophon globulus n., p. 75. Fig. 34 enlarged view of the umbilicus.



K Vet Akadein.Handl.Bd.l9 N" 6. G.Lindström; Silurian Gastropoda of Gotland Pl

V
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PLATE VI.

K. Sv. Vet. Akad. HaDfU. Bd. 19. Nro 6. 28



218 G. LINDSTRÖM, ON THE SILUKIAN GASTROPODA AND TTEROrODA OF GOTLAND.

Plate VI.

Fig. 1— 10. Bellerophon fastigiatus n., p. 76. Pig. 10 side of tlie largest whorl.

w 11— 12. » undeterrainated specits, p. 77, seotions showing the great obliquity of the shelL

» 13— 14. » fasciatus n. p. 75.

» 15— 18. » elegantulus n. p. 79.

u 19—21. » Eisetii n. p. 78.

» 22—25. » tw7iia n. p. 76. Speciraens from Ostergarn, original to f. 22 belongs to the

Museum of the School of Wisby.

« 26—28. Beller-ophon latevittatus n., p. 79.

n 29—30. " pilula a. p. 80.

» 31—3^. Cyrtolites lamellifer n. p. 82, f. 37 details of ornamentation and lateral view of the outstanding

iamellit, f. 38 the slit band near the aperture, much magnified.

» 39— 51. Cyrtolites pharetra n. p. 83. Fig. 39 specimen with traces of colour bands, magnified, f. 43
lower lip of the aperture, f. 50 groove beneath the inferior apertural lip, in which the apex

of the shell is lodged.

» 52—53. Cyrtolites arrosus n., p. 83.

» 54—55. » obliquus n., p. 84.
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PLATE VII.



220 G. LINDSTHÖM, ON THK SILUHIAN GASTROpODA ANM) rTEROPODA <)V GOTI-ANI).

Plate VII.

Fig. 1— 3. Conularia aspersa n. p. 46.

» 4— 5. Belleroplwn iceiiia n. p. 76. The original specimen belongs to the Mineralogical Museum of

tlie Universitv of Copenhagen, from 0.stergarn.

" 6— 8. Bellerophon latevittatus ii. p. 79. Nuclei from the shale of Wisby, with a peculiar, transverse,

necklike coiistrictiou.

» 9. Bellerophon sphcera ii., p. 74. Microscopic, vertioal seotion of the shell.

» 10— 15. CyrtoUtes eurtjomphahis n. p. 84.

» 16— 17. » orbiculus n., p. 85.

« 18—21. » discus n. p. 84, the original specimen belongs to the Museum of the Geological

Survey of Sweden.
» 22. Platyceras cyathiniim n. p. 69.

" 23—25. Pleurotomaria scutulaia n. p. 95.

» 26—27. » gradata n. p. 96.

» 28—30 » scutulata \\. p. 95. Fig. 28— 29 from Samsugn, f. 30 from Follingbo.

» 31—36. » claitstrata n. p. 97. The original specimen of f. 34 belongs to the Miner.

Museum of Copenhagen.
» 37—38. Pleurotomaria glandiformis n. p. 98.

» 39—42. » hiformis n. p. 98. Fig. 42 magnified details of slit band.

« 43— 49. » Lloydi Sow. p. 101, f. 43—44 from Djupvik, Eksta, f. 45—46 from Petesvik in

Habblingbo, 47—49 from Wisby.
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PLATE VIII.



222 G. LINDSTRÖM, ON THE 8ILUKIAN GASTROPODA AN]) PTEROPODA OF GOTLAND.

Plate VIII.

Fig. 1. Pleurotomaria Lloydi Sow., p. 101.

» 2— 7. » robusta, n. p. 103. Specimen from Eksta.

» 8— 9. » » var. Icevissima n. p. 104.

» 10—14. » elliptica His., p. 104, f. 10—11 from Wisby, 12—13 from Östergarn. Fig. 14 slit

band magnified and section of it, from Lerkaka in Oland.

» 15—25. Pleuroiomaria bicincta Hall, p. 106. Fig. 15— 16 speoiraen from Westergarn, f. 17 from

Borkholm in Esthonia, belonging to the Mineral Cabinet of the University of Upsala, f. 18— 19

large specimen in natural size from the limestone of Slite, belonging to the Marklinian

Collection of Upsala, f. 20 specimen natur, size from Ardre, f. 21—22 details of slit

band, specimens from Follingbo, f. 23 slit band of specimen from FArö, f. 24—25 from

Gothemshammar.
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PLATE IX.



'224 G. LINPSTFvOM, (»N TIIE SILUIUAN GASTKOPODA AND rTEROPODA GF GOTLANB.

Plate IX.

Pig. 1— 3. Pleurotomaria dolium u., p. 102.

» 4— 6. » laqueata n., p. 102, f. 4 the original specimen belongs to the Museum of the

School of Wisby, f. 5—6 from Klinteberg.

» 7— 10. Pleurotomaria iubulosa n., p. 103 from Kräklingbo.

u 11— 13. » valida n. p. 110.

» 14—17. » Othemensis n. p. 111, f. 17 the umbilicus seeu from above.

» 18—19. » coinata n. p. 111 from Eksta.

» 20—29. )> cequilatera Wahlenberg p. 111, f. 20—22 the original specimen of WAHLENBEttG
from the Mineralogical Cabiuet of the University of Upsala, somewbat restored as to the

aperture and sections of the slit band, f 23— 24 from Kyrkberget in Wisby, f. 25—26 from

the shale of Wisby, f. 27 ventricose variety from Samsugu in Othem, belonging to the Min.

Cab. University of Upsala, f. 28 from öamsugn in Othem, f. 29 section of two whorls to

show the shape and place of the slit band.

» 30—38. Pleurotomaria labrosa Hall, p. 113, fig. 30—36 from Westergarn, f. 37—38 from Klints

in Boge. Fig. 36 section along the median axis of the slit band.
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PLATE X.

K. Sv. Vet. Akad. Hanai. Bd. 19. N;o C. 29



"22G G. LINDSTRÖM, ON THE SILURIAN GASTROPODA AND PTKROPODA OF GOTLAND.

Plate X.

Fig. 1. Pleurotomaria latezonata n., p. 99.

u 2—17. » limata n., p. 114, f. 2—5 from Klinteberg, f. 6—9 from tlie middle limestone

strata of Wisbj', f. 10— 11 variety from the canal near Westöös in Hall, f. 12 speciraen from

Wisby seen from the umbilical side with a largely developed slit band, f. 13 details of

ornameutation of tlie slit band and tbe surfaee around the umbilicus, f. 14 transverse section

of the slit band, imbedded in fine grained rock, f. 15— 16 slit band of two different specimens,

magnified, f. 17, part of a slit band eleven in two parts along its median line to show how
the crescentic lamellse continue outward to the thin bordering lines.

i> 18 — 32. Pleurotomaria alata His., p. 116. All the originals to the figures from Wisby. Fig. 23,

near the aperture the crescentic lamellse between the bordering laminje are conspicuous as

black lines below the surfaee and they are partially restored by dotted lines where they have

been broken away, f. 24 inferior surfaee showing the wavy edge of the slit band, f. 25

ornam entation of umbilical surfaee, f. 27 details to elucidate the structure of the slit band,

f. 28 ornameutation of apical surfaee from a specimen with a ridge, f. 30 transversally

sectioned slit band, magnified, f. 31 extreme edge of a slit band, f. 32 variety from Wisby
with downwards anh inwards curved slit band.

1) 33—37. Pleurotomaria alata, var. subcarinata n., p. 118, f. 33 specimen from Lingsarfve in Näs, enclosed

in an oolitic nodule, figa 34—37 from Djupvik iu Eksta.

B 38—40. Pleurotomaria alata, var. opposita n., p. 119, from Habblingbo, f. 39 apical side of body

whorl and part of next whorl, f. 40 ornamentation of umbilical side and slit band.
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PLAJE XI.



228 U. LINDSTKÖM, ON TIIE SILUKIAN GA8TU(n'Ul)A AN]) PTlOliorulM OF UOTLANJJ.

Plate XI.

Fig. 1— 7. PUurotomaria prcetexta n., p. 119. Fig. 5 the slit band cloven, the lower siratum shows the

oblique, cresceiitic lumella; of the slit band. Fig. 7 part of the surface around the slit band
and its botli parallel ridges.

» 8— 13. Pleurotomaria togata n., p. 119. Fig 12 part of apical surface from the suture to the rim of

the slit band, f. 13 longitudinal section along the wliorls.

Pleurotomaria frenata n., p. 120.

» undulans n., p. 120. Fig. 21 with details of the strueture of the slit band.

Fig. 22 slit band sectioiied along the outer rim, f. 23 slit band sectioned transversally.

Pleurotomaria, Marhlini n., p. 121.

» cirrhosa n., p. 121 longitudinal section, f. 29 part of apical surface with the

thin, wavy slit band solded to the body whorl, f. 28 section of the same.

30—33. Pleurotomaria exquisita n., p. 125, f. 33 section of two whorls showing how the superior

one is overlaying the inferior.

34—37. Pleurotomaria lielicina n., p. 124.

14.

15--23.

24-
27-

-26.

-29.
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PLATE XII.



230 G. LINDSTRÖM. ON THE SILUUIAN GAISTUOl'0UA AND 1'TKliOPODA OF GOTLAND.

Plate XII.

Fig. 1— 3. Pleurotomaria cirrhosa n., p. 121, specimen from Östergarn, witli details of surface.

)> 4. Murchisonia cava n., p. 128, from Martebo and details of the slit band.

1) 5— 6. » moniliforrnis n., p. 128, from the saudstone of Bursvik.

» 7. » obtusangula n., p. 128.

u 8. » subplicata n., p. 129.

1) 9— 10. « cingulata His. p. 127, f. 9 the type specimen of Hisingke, which he delineated

in »Lethrea Suecica» on pl. XI fig. 6 a. In natural size.

» 11—12. Murchisonia obtusangula n., p. 128.

M 13— 14. » crispa n., p. 131.

» 15— 19. » compressa n., p. 129. Fig. 15, nucleus with traces of sculpture, fig. 17 one

of the largest nuclei with an obtuse end above the filled up apex, fig. 18 longitudinal

section along the median axis, fig. 19 transverse section of the apex, showing the dark

apical whorls, filled with organio deposit, and the lighter nucleus of the younger whorls.

» 20—24. Murchisonia attenuata Hisinger p. 130.
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PLATE XIII.



232 G. LINDSTUÖM, ON THE SILURIAN GASTROPODA AND l'TEROPOI)A OF GOTLAND.

Plate XIII.

Fig. 1. Murchisonia cancellata n., p. 1.33.

» 2— 3. » cochleata n., p. 134.

» 4— 5. » tortuosa n., p. 132.

» 6. " munda n., p. 132.

» 7— 12. » imbricata n., p. 133. Fig. 7 slender, finely striated variety; fig. 8 the thicker and

more coarsely striated, f. 9—12 details of aperture, umbilical region and slit band.

» 13— 14. Murchisonia tortuosa n., p. 132.

» 15— 16. Pleurotomaria qualteriata Schloth., p. 108. Fig. 15 from the sliale of Wisby. Fig. 16

ornamentation and slit band in specimen from Lerkaka, Oland.

» 17— 18. Pleurotomaria obvallata Wahlenb., p. 108. Fig. 17 section of the shell, f. 18, details of the

slit band; lowest figure, slit band on tiie apical side; niiddle figure, section of the edge,

upperraost figure, slit band from the umbilical side. From specimens belonging to the

Museum of the Geol. Survey of Sweden from the upper gray Orthoceratite Limestone at

Wångsgärdet in Dalecarlia.

>> 19—31. Euomphalus Gotlandicus n., p. 139. Fig. 19—25 specimens from the shale of Wisby. Fig.

26—29 evolute specimens from Kyrkberget in Wisby, tlie mucleus lying beside the shell, the

apex of which is filled vvith orgauic deposit; fig. 30—31 from Westergarn.

» 32—35. EuompJialus triquetrus n., p. 140.

» 36 — 38. » Ångelini n., p. 138. Lower Silurian from the inferior gray Orthoceratite Limestone

at Utby, Lindgärden in Dalecarlia, fig. 38 sculpture on the lateral surface.

» 39—44. Pleurotomaria replicata n., p. IIG. Fig. 39 from the aperture, apical side downwards, f. 40
from the umbilical side, f. 42 slit band magiiified, interiorly the oblique crescentic lamellae

are seen, f. 43 transverse section of slit band, f. 44 slit band along is exteriör edge.
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PLATE XIV.

K. Sv. Vet. Akad. Handl. Bd. 19. N;o 6. 30



234 G. LINDSTKÖM, ON TIIE SILUKIAN GASTROPODA AND PTIOKOPODA OF GOTLAND.

Plate XIV.

Fig. 1— 11. Trochus GotUmdicits n., p. 146, fig. 1—2 from Kyrkberget, Wisby, 3 from the limestoiie (b.)

of Wisby, 4— 7 from the eannl near Westöös in Hall, f. 8, var. without ridge from Kyrk-

berget in Wisby, f. 9 raicroscopical section of the sLell, f. 10—11 from the limestone

of Wisby.

» 12—-13. Trochus fulviinatus n., p. 147.

>) 14—17. » mollis n., p. 147, f. 14— 16 from Klinteberg, f. 17 from Samsugn.
.1 18—21. » Dalli n., p. 150.

1) 22—31. » mctsus n., p. 151. Fig. 22—23 from Kyrkberget in W^isby ; f. 24—25 from Samsugn
in Othem; f. 26—30 from Stor Wede in Follingbo; f. 31 from Kyrkberget in Wisby.

» 32— 34. Trochus Kolmodini n., p. 150.

II 35—43. » Wishyensis n., p. 150. All species from the limestone of Wisby, excepting f. 43
from the canal near Westöös in Hall.

" 44. Trochus lamellosus n., p. 151.

" 45. » Wishyensis n., p. 150.

» 46— 53. » Lwirlgreni n., p. 149, fig. 46—50 from Samsugn in Othem, f. 51 from Lutterhorn in

Fårö, f. 62 transverse section of the keel shovving different lines of growtli hidden inside it,

f. 53 the keel from without.

n 54—58. Trochus astraliiformis n., p. 153, from Klinteberg, speeimens figures 56—57, belonging to

the Marklinian Collection in Upsala.

)) 59— 69. Trochus Stuxbergi n., p. 147. Fig. 59—61 from Klinteberg, f. 62— 69 from Sanisugn in Othem,
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PLATE XV.



236 G. LINDSTKÖM, ON TIIE SIMJUIAN GAHTKorODA AN]) 1'TEROVODA OF GOTLAND.

Plate XV.

Fig. 1 — 5. Loxonema shniosuin Sow. p. 142, from DJLipvik, Eksla.

I) 6. « intumescens ii., p. 143.

>> 7. » sinuosum Sow.
u 8 — 10. " strangulatum ii., p. 144, f. 8—9 from Klinteberg, f. 10 from Ostergarn.

« 11. « fasciatum n., p. 144.

)) 12— 13. Holopella regularis n., p. 190. The original belongs to Adjunct M. Klintberg in Wisby.

1) 14— 16. MacrochUina bidimina w., p. 191.

1) 17—18. » fenestrata u., p. 192.

» 19—21. Subulites ventricosus Hall p. 193.

)) 22—23. )i attenuatus n., p. 194.

» 24—26. Callonema scalarifornie n., p. 189. Tlie original to lig. 26 is preserved ia the Museum of Ihe

School of Wisby.

« 27. Callonema obesum n., p. 189. The original belongs to the Mineralogical Museum of the

Uuiversity of Copenhagen.

» 28—^44. Cyclonema delicatulum u., p. 174. The original to fig. 30—31 belongs to Hr H. Hedström
in Wisby.

)) 45. Probably a corroded specimen of the former.

>> 46—47. Holopea applanata n., p. 188.

» 48. Subulites attenuatus n., var. p. 194.

» 49. Cyclonema adstrictum n., p. 178.

» 50—51. Holopea nitidissima n., p. 188.

» 52—54. Trochus? lamellosus var. p. 151. The original from the Mineralogical Cabinet of the University

of Upsala.

11 55—58. Onychochilus physa n., p. 196. The originals from the Min. Cab. of the Univ. of Upsala.

» 59— 60. Holopea transversa n., p. 188.

« 61. Holopella teres n., p. 190.

)i 62. Holopea nux n., p. 187.

» 63. Holopella minuta n., p. 190.

» 64— 67. Pycnomphalus obesus n., p. 153.
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PLATE XVI.



238 G. LINDSTRÖM, ON TUK 8ILUKIAN GASTROPODA AND PTEKOrODA OF GOTLAND.

Plate XVI.

¥ig. 1— 6. Pijcnomphalus acuius n., p. 154. From Wialmsudd.
)) 7. i> trocliiformis n., p. 154. The original boloiigs to the Museum of the School of Wisby.

» 8— 10. Trochus undulans n., p. 148. Fig. 8 from Samsugii. Fig. 9— 10 from Slite.

» 11— 13. » profiindtis n., p. 148. Tliis species is probably ratlier to be considered as an Onustus.

» 14— 19. Oriostoma alatum n., p. 171.

» 20— 36. » discors Sow., p. 157. Fig. 20—28 from Westergarn, f. 29 from Fårö, Lutterliorn,

f. 30 from Kyrkberget in Wisby, f. 31 from the canal in Hall, f. 32—33 from Kyrkberget

in Wisby, f. 34—36 from the canal iii Hall.
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PLATE XVII.



240 G. LINDSTRÖM, ON THE SILUIUAN GASTROPODA AND PTEHOPODA OF GOTLAND.

Plate XVII.

Fig. 1 -- 5,

» 6 --10

)) 11--16,
)) 17.

„ 18--23,
)) 24--25.
)) 26--28,
i) 29--31.
» 32--35.
M 36.

» 37--40.
» 41--42.
)) 43--44.
„ 45--46.
» 47.

» 48.

» 49.

)} .50--52.

» 53--55.
» 56.

» 57.

Oriostoma discors Sow., p. 157. Fig. 1—2 from Hall, f. 3—5 from Wisby.
" » var. rugosum Sow. p. 159. Fig. 6—7 from Norderstrand near Wisby, f. 8—

9

from Ostergarn, f. 10 from Martebo.

Oriostoma coronatum n., p. 174.

Operculum of an unknown Oriostoma from Ostergarn making a new type, besides tliose desoribed

in the letter press, wliere it bas been acoidentally omitted.

Oriostoma coronatum n. Operciila.

» globosum Schlotiieim, p. 160. Fig. 24 from VVcstorgarn, f. 25 from Samsiign.
» Wisbyense n., p. 167.

» globosum Schloth. from Martebo. p. 160.

Opcroula of unknown Oriostoma from Martebo p. 165.

Operculum from Martebo p. 167.

Oriostoma acutum n., p. 166.

» globosum Schlot. var. sculptrim Sow., p. 162.

Opercula from the shale bed of Wisby, p. 167.

Oriostoma Wisbyense, n., p. 167, the operculum.

Operculum of unknown Oriostoma from Kålens Qvarn p. 167.

Cyclonema striatum His. p. 177 the operculum from Samsugn in Othem.

Operculum of unknown Cyclonema from Slite p. 177.

Opercula of unknown Cyclonema from Ostergarn p. 177.

Opercula of unknown shell from shale and limestone of Wisby, p. 169.

Section of an opercuUim from Samsugn, genus and spccies unknown, p. 169.

Operculum of unknown shell, natural size, from the shale beds of Wisby p. 170.
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PLATE XVIII.
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242 G. LINDSTKÖM, ON THE SILUKIAN GASTKuruJM AND PTlCKOrODA OV GOT].AND.

Platk XVIII.

Fig. 1— 2. Tryblidium radiatum n., p. 58.

» 3— 5. Loxonema'^ attenuatum n., p. 143.

)) 6— 8. Euomphalus tuba n., p. 140.

» 9—11. » pracursor n., p. 140.

» 12— 14. « Walmstedti, n., p. 141.

1) 15—17. Trochus cavus n., p. 149. If not rather an Onustus?
» 18—21. » , gyrans n., p. 152.

» 22—23. » densestriatus u., p. 152.

» 24. Oriostoma globosum Sow. p. 161. Microscopic section of two coils of tlie operculum.

» 25—27. Cyclonema cancellatum n., p, 175.

« 28—29. » carinatum Sow., p. 178.

» 30. » carinatum, var. glabrum n., p. 179.

» 31—32. » carinatwn, var. midticarinatum n., p. 179.

» 33—35. I) nodulosum n., p. 179.

» 36. » apicatum n., p. 175.

» 37. » distans n., p., 176.

» 38. » tentdssimum n., p. 180.

» 39—42. » siriatum His., p. 176. Fig. 39 is from the original of Hisingeu, preserved in the

State Museum at Stockliolm. Fig. 41—42 from Samsugn.
» 43—44. Cyclonema zonatum n., p. 178.

» 45. Holopea perforata n., p. 188.

» 46—47. Macrochilina cancellata n., p. 191.

» 48—49. » bidimina n., p. 191.

» 50—51. Pleurotomaria Wisbyensis n., p. 100.

» 52—53. Trochonema muricatum n., p. 181.

» 54—57. Onychochilus cochleatum n., p. 197.

» 58—59. iSubulites ventricosus p. 193.

" 60—61. » ventricosus, var. curvus n., p. 194.

» 62. >> attenuatus n. p. 194, transverse section.

" 63—64. Daphnella limncdformis L. Recent, to compare with the aperture of Subulites and Euchrysalis,

f. 63 transverse section.

» 65—68. Euchrysalis lineolata n., p. 195.

» 69. Turritella sp. Recent, transverse section to compare with those of the preceding shells, showing

the dissimilarity in holostomous and siphonostomous shells.
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PLATE XIX.



244 G. LINDSTRÖM, ON THE SILURfAN GASTKOPODA AND PTKROPODA OF GOTLAND.

Plate XIX.

Fig. 1. Conularia aspersa n., p. 46.

» 2. Trijblidium unguis n., p. 56. Fragment of a shell with well preserved muscular scars, five pair

on each side, and on the left hand, upper figure, tliree enlarged, especially to show tlie

intiinate structure of the largest scar.

1) 3 — 4. Palmacmcea soiarium n., p. 59. Fig. 4 nat. size.

» 5. Platyceras disciforme n., p. 68.

" 6 — 11. Bellerojjhon tubulosus n., p. 77.

)) 12— 14. M gemma n., p. 80.

" 15— 16. Pleurotomaria Hindei n., p. 99.

» 17—20. » Holmi n., p. 100. Fig. 20 from original in the Museum of Wlsby.

» 21—24. » Linnarssoni n., p. 96.

» 25—29. » voluta n., p., p. 97.

« 30—39. » planovbis His., p. 122. Fig. 34 part of the apical surface, near the suture, slit

band changed into an angulated ridge, f. 35—36 part of the apical surface, f. 37 aperture,

enlarged, from the apical surface to show the slit and the band. Fig. 39, slit band enlarged.
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PLATE XX.



246 G. LINDSTRÖM, ON THE SILUKIAN GAÖTKOrOUA AND TTEKUrUDA OF GOTLAND.

Plate XX.

Fig. 1— 6. Murchisonia deflexa n., p. 134. Fig. 3 tlie shell surface with the partially covered slit band.

» 7. Loxonema fasciatwn w., p. 144.

» 8— 15. Oriosloma contrarium n., p. 160. Fig. 8— 9, from Hall, f. 10 frora Kj'rkberget in Wisby,

f. 11—15 from Samsugn.
" 16. Oviostoma globosum Schloth. j). 160.

» 17—21. >) angulifer n., p. 167.

» 22—29. » Roemeri n., p. 168.

» 30—33. » helicimmi u., p. 170. Fig. 30— 31 with colour bands from Samsugn, f. 32 from the

canal in Plall, f. 33 from the uppermost limestone of Halls huk.

» 34—41. Oriostoina angulatum Wahlenberg, p. 171, f. 34—37 from Färö, f. 38—41 from Samsugo
in Othem.

» 42—44. Oriostoina lineatum n., p. 173.



K.VetAkad,Hand,Bd.l9N?6. G, Lindström; Silurian Gastropoda of Gotland Fl XX.

G.Liljevall del Ä.lith. Cenlral-Tryckeriet, StocHiolm.





KONGL. SV. VET. AKADEMIENS HANDL. BAND. 19. N:0 G. 247

PLATE XXI.



248 G. LINUSTIJÖM, ON TIIK SILURIAN GASTROPODA AND l'TER(ir01)A OF GOTLAND.

Plate XXI.

Fiff. 1— 3.

4—10.
11—14.
15—19.
20—29.

.SO—34.
35—38.
39—42.

43—54.

55—56.
57—60.
61—65.
66.

Murcliisonia paradoxa n., p. 131.

Oriostoma nitidissiniwn n., p. 173. Fig. 4—7 from Sandarfve, f. 8—10 from Follingbo.

» dispar n., p. 173.

Trochonema turritum n., p. 181.

Craspedostonia elegantulum n., p. 183, f. 20—24 from Samsiign, f. 25—26 from Slite, f.

27—28 from Follingbo, f. 29 from Klinteberg. Fig. 23 part of the surface enlarged, the

left side covered with rock as coramon, the transversal rlbs only visible; f. 24 transversal

section of the columellar lip, where it is bifid, f. 26 part of the surface; in the inferior

figure the lighter, wavy parts between the darker, broken edges of the trausverse ribs are

formed by calcareous mud on which are seen impressions of the now missing, backwards

reflexed edges of the ribs. The npper figure, a longitudinal section of the inferior one,

elucidates this, the dark portions being the shell and the curved ribs, their continuation

marked by dotted lines, the light mud filling the interspaces.

Craspedostoma brevispira n., p. 183. Fig. 32 surface partly covered by rock, partly free.

» filistriatum n., p. 183.

« involutum n., p. 184. Fig. 42 transverse section of columella, showing hovv it is

bifid as in the other species.

» glabrum n., p. 184. Fig. 49 section across the outer lip and partly across the

body whorl. The superior branch being the lip, the inferior one the shell, the inside of the

aperture being to the right.

(Jyclonema perversuvi n., p. 180.

Autodetus calyptratus Schrenk, p. 185, young specimens.

Onychocldlus reticulatum n., p. 196.

Cyclonema sp. indet. operculum from Westerbys in Ardre, p. 177.
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INDEX.
Namea printed in italics are synonyms.

Acrociilia
corniita, 64.

euonvphaloides, 64
haliotis, 64.

proiotypa, 67.

sulcata, 64.

Anticalyptroia
calj/ptrata, 185.

Antocletus, 185.

calyptratus, 185.

Bellerophou, 72.

dilataius, 86.

Eiseni, 78.

elegantulus, 79.

fasciatus, 75.

fastigiatus, 76.

gemnia, 80.

globulus, 75.

latevittatus, 79.

inlula, 80.

sphaera, 74.

squamosus, 78.

tsenia, 76.

trilobatus, 80.

tubulosus, 77.

Callonema, 189.

otesum, 189.

scalariforme, 189.

Calyptrxa
calyptrata, 185.

Capuliis
Brauni, 64.

calyptratus, 185.

euoinphaloidcs, 64.

haliotis, 64.

•neriioides, sulcata, 64.

sulcatus, 64.

Centrifugiis
planorbis , 122.

Chelodes, 48.

Bergmani, 51.

Gotlandicus, 52.

Conularia, 39.

aspersa, 46.

bilineata, 45.

cancellata, 42.

crenijugata, 42.

curta, 42.

lEevis, 45.

monile, 44.

proteica, 42.

quadrisitlcata, 42.

Sowerhii, 42.

Craspedostoma, 181.

brevispira, 183.

elegaiitulum, 183.

filistriatum, 183.

glabrum, 184.

involutum, 184.

spimilosum, 182.

Cyclonema, 174.

adstrictum, 178.

aplcatum, 175.

brevispira, 67.

cancellatum, 175.

cariiiatum, 178.

delicatulum, 174.

distans, 176.

giganteum, 180.

glabrum. 179.

multicarinatum. 179.

nodulosum, 179.

octacia, 178.

perversum, 180.

striatum, 176.

tenuissimum, 180.

zonatum, 178.

Cyrtolites, 81.

arrosus, 83.

discus, 84.

euryomphalus, 84.

lamellifer, 82.

obliquus, 84.

orbiculus, 85.

pharetra, 83.

Delphiniila
mqiiilaiera, 112.

alata, 116.

caienulata, 1.59.

cornu arieiis, 158.

fiinata, 162.

suhsidcata, 161.

Euchrysalis, 195.

lineolata, 195.

E u omphalopte r u s

iilatus, 117.

Euompbalus, 136.

a-qitilalerus, 112.

alatus, 116.

Angelini, 138.

anffulatus, 171.

angiilosus, 159.

carinatus, 114.

catenulatus, 159.

ceiitrifugus, 122.

cormi arietis, 158.

discors, 157.

Euomphalus
funatus, 160, 162, 168.

Gotlandicus, 139.

ffualteriatus. 108.

prfecursor, 140.

qualferiaiu-s, 108.

riigosiis, 159.

sciUptus, 162.

suhstriatus, 122.

subsulcatus, 161.

siipraavgulntus, 171.

triquetrus, 140.

tuba, 140.

"Walmsteilti, 141.

Fleminyia
elliftica, 104.

JETe liciles
xquilaterus, 111.

anyulatiis, 171.

catenulatus, 159.

centrifiigus, 122.

qualteriatus , 108.

supraangula tus, 171.

supragranulatus, 171

Holopea, 187.

applanata, 188.

nitidissima, 188.

nux, 187.

perforata, 188.

transversa, 188.

Holopella, 189.

minuta, 190.

regularis, 190.

teres, 190.

Inachus
angulatvs, 171.

sulcatus, 122.

Zi t örin a

octavia, 178.

Loxonema, 141.

attenuatum, 143.

fasciatum, 144.

intumescens, 143.

sinuosum, 142.

strangulatum, 144.

Macroohilina, 190.

bulimina, 191.

cancellata, 191.

feuestrata. 192.

Murchisonia, 125.

attenuata, 130.

bicincta, 106.

cancellata, 133.

cava, 128.
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Murcliisonia
cingulata, 127.

cochleata, 134.

compressa, 129.

crispa, 131.

deflcxa, 134.

imbricata, 133.

Lloydii, 101.

mouiliformis, 128.

munda, 132.

obtusangula, 128.

paradoxa, 131.

subplicata, 129.

tortuosa, 132.

Naiica
glaucinoides, 64.

parva, 64.

stihparpu, 64.

Wenlockensis, 67.

Vaticopsis
parva, 64.

Ner it a
haliotis, 64.

prutotypa, 67.

spirdia, 67.

Opliileta
Oitaicensis, 108.

Onj'chochilus, 196.

cochleatum, 197.

physa, 196.

retioulatum, 196.

Oriostoma, 156.

acutum, 166.

alatum, 171.

angulatum, 171.

angulifer, 167.

contrarium, 160.

coronatum, 164.

discors, 157.

dispar, 173.

globosum, 160.

heliciuum, 170.

lineatum, 173.

nitidissimum, 173.

Roeraeri, 168.

rugosum, 159.

sculptum, 162.

Wisbyense, 167.

Pal£eacm«a, 58.

solarium, 59.

Filé opsis
cornuta, 63.

siUcata, 63.

vetus/is (vetustatis), 64.

Platyceras, 59.

cornutum, 63.

cyathinum, 69.

disciforrae, 68.

enorme, 69.

loricatum, 67.

prototypum, 67.

Plaiyschiama?
helicUes, 154.

Pia tys i om a

niagarensis (= e), 64.

Pleurotomaria, 89.

tequilatera, 111.

Pleurotomaria,
alata, 116.

aiiifjilala, 106.

aiitiqtvissiiua, 104.

haliealii, 113.

bicincta, 106.

bifonnis, 98.

cirrliosa, 121.

claustrata, 97.

comata, 111.

dolium, 102.

elliptica, 104.

exquisita, 125.

frenata, 120.

glaudiformis, 98.

gradata, 96.

helioina, 124.

Hindei, 99.

Holmi, 100.

labrosa, 113.

Isevissima, 104.

laqueata, 102.

latefdsciata, 106.

latezonata, 99.

letiticularis, 108.

limata, 114.

Linnarssoni, 96.

Lloydi, 101.

Mai-klini, 121.

occidens, 113.

opposita, 119.

Otliemensis, 111.

planorbis, 122.

praetexta, 119,

qnalteriata, 108.

replicata, 116.

robusta, 103.

scutnlata, 95.

subcarinata, 118.

subconica. 104.

togata, 119.

tubulosa, 103.

undulans, 120.

valida, 110.

voluta, 97.

Wisbyensis, 100.

Foli/tropis
discors, 150.

Pycnomphalus, 153.

acutus, 154.

obesus, 153.

trochiformis, 154.

Shaph istoma
qiialteriaiuin , 108.

Sl^enea
fiinata, 161.

Solarium
pelropolitamwi, 108.

Strapar olliis

osquilaterus, 112.

alatiis, 117.

angiilatus, 171.

cari?iatus, 114.

cntettulatus, 159.

discors, 158.

pseudoqualteriaius, 108.

qualteriaiius, 108.

1^ Ir 0,2) ar o Hus
rugosus, 159.

siibsulcatus, 161.

stilcatus, 122.

S tro pliostylus
cijclosloma, 67.

Subulitos, 193.

attemiatus, 194.

brevis, 194.

curvus, 194.

ventricosns, 193.

Terebra
sinuosa, 127, 142.

Tremauotus, 85.

compressus, 87.

longitudinalis, 86.

Trochiliies
globosiis, 160.

Tr ochita
calyptrata, 185.

Trochonema, 180.

fatiia, 106.

muricatum, 181.

rectilatera, 106.

turritum, 181.

Troclius, 145.

astraliiformis, 153.

cavus, 149.

Dalli, 150.

deiisesti'iatiis, 152.

ellipiicus, 104.

fulminatus, 147.

Gotlandicus, 146.

gyrans, 152.

incisus, 151.

Kolmodini, 150.

lamellosus, 151.

Lundgreni, 149.

mollis, 147.

protundus, 148.

Stuxbergi, 147.

undulans, 148.

AVisbyensis, 150.

Tryblidium, 52.

radiatum, .58.

reticulatum, 55.

unguis, 56.

Turbi}/ i tes

alatus, 116.

coitrifugus, 122.

cormi arietis, 158.

Turbo
alatus. 116.

a^itiquissiimis, 104.

carinatus, 178.

cornu arietis, 158.

ellipiicus, 104.

funatus, 161.

Leda, 176.

momus, 163.

octavia, 178.

striatus, 176.

Turritella
attenuata, 130.

cingulata, 127.

Va luata
sulcata, 160.
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TT hen Alexander Agassiz made known the resixlts obtained from the dredg-

ings in deep water executed in the yeai" 1868 between Cuba and the Florida Reef

by the late Count Louis-FRANgois de Pourtales, ') there was, among numbers of Echi-

noidea then for the first time brought to light, none that excited more wonder and

curiosity than the very singular animal described under the doubly appropriate name
of Pourtalesia miranda Al. Ag. Nor was the interest its stränge and abnormal aspect

awakened in any way lessened, when the same author, in his great work on the Echi-

noidea, ^) gave a description, accompanied with iigures drawn by himself, and the late

Sir Charles Wyville Thomson, shortly afterwards, added two new species, Pourtalesia

Jeffreysi and P. phiale, and at the same time threw fresh light upon several impor-

t^ant points in the structure of the former of these. ^)

Alexander Agassiz had the extraordinary kindness to lend me, for inspection

and study, his unique specimen of Pourtalesia miranda. Such is, however. the exces-

sive thinness and fragility of this species, that I did not feel warranted to do more

than subject it to repeated, but superficial examination, coniirming the general accuracy

of the oi'iginal description and figures, and to speculate, during the long time it was

allowed to remain with me, upon the presumable morphological relations existing be-

tween the parts composing its skeleton and the corresponding parts in the other Echi-

noidea, which had then for several years been to me a subject of some study.

In the mean time my Norwegian friends, in the course of their well-planned and

highly successful survey, on board the Steamer »Vöringen», of the Hydrography and

Biology of the North Atlantic, had the good fortune to fall in with a habitat of Pour-

talesia Jeffreysi, and, with a liberality I cannot too amply acknowledge, through one

of their stafi', D:r D. C. Danielsen of Bergen, placed at my disposal several more or

less uninjured specimens as well as some fragments of that species, and thus afforded

me the long wished for opportunity of examining, fully and at leisure, the most extra-

ordinary Echinoid hitherto known.

I have also to express my deep obligations to the late Sir Wyville Thomson,

who most kindly came to my aid with a few specimens of Pourtalesiaj collected

') Preliminary Report on the Echini and Starfishes dredged in deep water between Cuba and the Florida

Reef, by L. F. de PouiiTALiäs, Assist. U. S. Coast Survey; prepared by Alexander Agassiz. Bulletin

of the Museum of Comparative Zoology, Cambridge, I, N:o 9, Oct. 1869; p. 272.
'^) Illustrated Catalogue of the Museum of Comparative Zoology at Harvard College. N:o VII. Revision

of the Echini by Alexander Agassiz, p. 344, Pl. XVIII.
^) Wyville Thomson, the Depths of the Sea, p. 108, fig. 12. — On the Echinoidea of the »Porcupine» Deep-

sea Dredging Expeditions. Phil. Träns. Roy. Soc. London, Vol. 164, pt. 2. p. 747, pl. LXX, LXXI.
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by the Challenger Expedition, and described by Alexander Agassiz. ') When they

arrived, thu dcscriptiou of P. Jeffreysi was long linished and thc iive iirst plates en-

graved. Although the specimeiis were in a very fVagmentary condition, they permitted

me to add some facts of iinportance.

In the following pages I have laid down the results of my studies on the mate-

rials thus aftorded, and also some observations, old and new, on certain particulars in

the structure of other Echinoidea that have not hitherto met with the attention they

deserve, and the knowledge of which is necessary in order fully to appreciate the re-

markable characteristics of the Pourtalesia;.

I. GENERAL FORM OF THE SKELETON.

The skeleioii of the Echinoidea, its terminology, bilateral symmetry, autero-posterior axis, and peristomal

formula. The skeletou of Poiirtalesia.

In the whole of the Echinoidea the skeleton is a hollow säck inclosing the visceral

cavity, and constituted by the three distinct systems: the perisomatic or interradial,

the ambulacral, and the calycinal or apical, all simultaneously present in the adult

animal, and in view outwardly. Each of these systems is composed of a number of

more or less flattened ossicles of definite outline, contiguous and arranged in regular

order, rarely imbricated, and consisting in most cases of a calcified, reticular and rigid

tissue, continually in a state of resorption and renewal, and extending between the

dermal tegument with its dependencies, and the subjacent connective tissue with the

peripheral nerves, on the outside, and the peritoneal lining of the visceral cavity, on

the inside.

For the sake of brevity I shall here, as in my former work, ^) designate by num-
bers the divisions of each of these systems. Thus among the five ambulacra the one

which is anterior and frontal will be marked III, the two on its right II and I, and

the two on its left IV and V. The interradial areas will be denoted by the numbers

1 to 5, counting from the lateral right hand one, 1, to the posterior odd one, 5. Within

the calycinal system the ossicles contiguous to the ambulacra will bear the correspon-

ding numbers of these: I . . . V, while those adjoining the interradia will be numbered

accordingly, 1 ... 5. It is of course altogether indifferent how these numbers are applied

from the first, provided only the order once chosen be adhered to. It seemed con-

venient to make the recognised frontal ambulacrum of the Exocyclic number III, from

its having a medial position relatively to each of the two pairs, II and IV, I and V,

and from III being the mean of I + V as of II + IV.

1) Proc. Amer. Acad., XIV, 1879, p. 265. — Report on the Echinoidea of the Voy. of the Challenger, p. 124.

^) Études sur les Echinoidées. K. Sv. Vetenskaps-Akademiens Handlingar. Vol. XI, N:o 7. With 5.3

plates. Stockholm 1874.
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As far as the skeleton of the Echirioidea has beeii subjected to a souiewhat ac-

curatu and detailed iiivestigatiou, it has iiivariably comc to liglit that it is in no wise

to be regarded as a radiate structurc in the sense of the Cuvierian System, but that

its constituent elements are, in reality and fundamentally, arranged bilaterally and

symmetrically on the two sides of a mesial plane indicated by its antero-posterior

axis. The completely bilateral structure of the larva is in reality never totally dis-

carded in the adult, though profoundly obscured. With the bilateral conformation in

the adult we have long been familiar, manifest as it is in the låter forms of the Ar-

chaionomous^ type, for instance in the Clypeastrida;, of Cenozoie origin, and in the whole

of the Neonomous ^) type, as in the Spatangidte, known to us from the Cretaceous period

and onward, and in the other forms called Irregular, that come into view during the

Mesozoic time. But when we trace back the Echinoidean type into still older periods,

those manifestly symmetrical forms are löst, and the class is represented solely by the

Cidarida? and otliers, in which the perfectly circular ambitus of the test and the appa-

rent similarity of all the live ambulacra as also of the interradial areas of the peri-

some to one another, are such as seemingly to exclude any idea of their skeletal ele-

ments being subject to bilateral symmetry. Nevertheless, and whatever may have been

the case with their predecessors, the little known Perischo-echinidLe, a closer inspec-

tion reveals in the antique Cidarida? and their allies a bilateral mode of conformation

concealed beneath the deceptive appearance of radiate disposition, exactly identical

with that plainly in force in all the rest of the Echinoidea, recent as well as fossil,

at present known. ^) This is another instance of the validity of one of the laws more

than once ascertained to underlie evolution, namely that structures which are to be

gradually, but forcibly worked out during the course of geological ages into specialised

and highly characteristic features, are virtually present within the fabric of the earlier

forms, though dormant and, as it were, lying in abeyance, and to be detected only by

a close scrutiny. Such is the case with the antero-posterior axis of the Echinoidean

skeleton. In the Exocyclic it manifestly divides lengthwise one of the tive ambulacra

and the opposite interradial area, and the stomo-proctic axis lies in its plane. In

most of these forms the ambulacrum which thus becomes the frontal one, III, at its

aboral, that is dorsal termination has on its right the one among the ossicles of the

calycinal system which in the adult is permeated by the madreporic apparatus, or

through which, in the young, this begins to break out from the interiör. Now in the

Endocyclic forms, of antique origin, which have the stomo-proctic axis vertical and

ending dorsally with piercing in its middle or sideways the dismembered central ossicle,

the madreporal filter is invariably and permanently restricted to one of the calycine

ossicles alone. To any one believing in the consistency of nature's ways, there is no

reason whatever for doubting that this ossicle is strictly homologous to the one which,

in the Exocyclic, harbours the madreporite. Acting upon this legitimate supposition

Desor and Cotteau in their important Avorks, differing in this point from Johannes

Muller, and from Louis Agassiz, invariably adjusted conformably to it all the forms

') u4QXai6voi.iog, old-fashioned. ^) Nsög, uew, v6i.iog, custom, law. ^) Études, p. 11—46.
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describcd, rugular and irrcgular. And that such and sucli alonc i.s the true and norinal

position uccessarily to be maintainod in every case, and to be neglected only at the

risk of ereating confusion, is proved beyond the possibility of a doubt by the circuin-

stance, that the peristomal formulär:

I a, II a, III b, IV a, V b,

I b, II b, III a, IV b, V a,

in the third and tifth inembers of which a is changed into b and, invertedly, b into

a, and which are of universal validity in the irregular forms, hold good with equal

consisteney in the Endocyclic, but solely and exclusively on that one of the anibuhicra

which has the madreporite on its right, being recognised as the front ambulacruni, III,

and placed foremost, and in no other position whatever '). Then the tive ambulacra,

similar to one another as they apparently are, separate into the trivium, II, III, IV,

and the bivium. I, V, while the peristome, traversed potentially by the antero-posterior

axis, though in most genera it remains strictly circular or pentagonal, in others, for

instance in Heterocentrus and Colobocentrus, is seen to deviate slightly from the

regular form, and that precisely in the direction of this same axis, so as to present a

distinctly deeper incurvation between the two ambulacra of the bivium, without regard

to the direction of the longitudiual axis ").

All this will now be perfectly clear, and it may perhaps seem little worth nien-

tioning that if any two different forms of Echinoids are compared together with

regard to their peristomal formulse, the sequence of the terms of these will invariably

be the same in both, provided that the counting is begun at homologous points. If,

on the contraxy, while in the Exocyclic Echinoid the undisputed frontal is maiutained

as III, in the Endocyclic any other ambulacrum except that which has the madreporite

on its right is tried, the formulfe will disagree all around, until that ambulacrum becömes

the frontal, III. Then the two formulse, the Endocyclic and the Exocyclic, will at once

coincide, thereb}' proving the adjustment to be true. All this is self-evident, and in

no way affects the significance of the formula3 relatively to the determination of the

antero-posterior axis.

The normal foi^m of the single plates that compose the perisomatic and ambulacral

systeras is the hexagonal, which regularly manifests itself, whenever the growth of the

plate is not affected in consequence of its being appropriated to some special use or

by pressure from other plates of its oAvn system or from contiguous plates of other

systems.

In regard to these general features: the distinctness of the three systems, their

bilateral disposition, the division of the ambulacral in a bivium and a trivium, the

normally hexagonal form of the plates, Pourtalesia Jeffreysi and its allies accord with

the other Echinoidean types and approach the Spatangidaä.

In its general form, Pl. 1, Pourtalesia Jeffreysi is very unlike any other Echinoid

hitherto met with. When placed with the oral end foremost and so as to be seen

in its dorsal, jig. 1, or ventral aspect, fig. 2, its skeleton presents an outline which

') Études, p. 13, 20, 27, 29, 36. -) Ib., p. 26, pl. XVIII, f. 157, 158.
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has been well compared to that of an inverted short-necked bottle, while in the side

view, Jig. 3, the front line appears bluntly truncated, and the dorsal line, slightly

more convex than the ventral, is separated from it behind by a deep depression,

beyond which the test is ventrally produced in a short, contracted, depressed, and

truncated caudal prolongation. The back, in nearly its anterior half, is uniformly

vaulted from side to side, in its posterior half rather more convex, and raised along

the middle-line into a distinct keeJ, which is continued and somewhat more prominent

on the caudal prolongation. The ventral surface is slightly tumid a little before and

again a little behind the middle. All around the front the test is suddenly bent

inward and backward, jig. 2, so as to form a deep ovoidal recess projecting into

the peritoneal cavity, Pl. III, jig. 10, 12; IV, 18, 19; and, as this incurvation takes

place on the ventral side farther back than on the dorsal, or at about one sixth of

the entire length and a little behind the stoma, the ventral margin of the recess lies

at the hindmost part of a parabolic depression or sinus, the depth of which seems

to vary somewhat. At its bottom and close within the ventral margin is the oeso-

phageal opening of the alimentary canal, Pl. 111, jig. 12; IV, 18, 19, 20.

The excretory opening is at the bottom of

the hinder depression, Pl. I, jig. 4; 111, 13, and

the stomo-proctic axis makes an acute angle with

the antero-posterior and longitudinal axis.

The whole of this anomalous configuration

appears, as though it were the i'esult of the dorsal

portion of the body having moved forward beyond

the normal measure, and so as to leave behind

the subanal part of the ventral portion, and as

though its forepai't, produced into a rostrum

projecting ventrally and corapressed from both

sides, had been drawn in, by invagination, into

the peritoneal cavity, its bridge thereby having

become the highest part of the hollow thus formed.

The vertical transverse section of the test, a little behind its middle, is somewhat

elliptic and slightly higher than broad, the dimensions of the whole being

The imaginarj' rostrum

invaginatcd protruding.

Specimen 1. Sp. 2.

Length 36 mm. 34 ram.

Breadth - 18 » 18 »

Heiffht ._ -- 19 » 19 »

Sp. 3. Wyv. Thomsons sp.

31 mm. 45 mm.

15,5 » 18 »

16 » 20 »

The greatest breadth lies a little higher up than the longitudinal axis, and the

greater half of the section therefore belongs to the ventral surface.

The lengthened body and its nearly circular section distantly recall the cylindroid

form of the Holothuria3. Among the Echinoids the Spatangi alone offer anything like

it, although the resemblance at last turns out slight enough. Nor is it to their oldest

forms that we have to go in search of it. On thcir first appearance, as the Cretaceous
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period dawns upon us, the Spatangidce, universally Adete or Prymnadete, that is: devoid

of fascioles or provided with a peripetalous or lateral one only, but never with a

snbanal fasciole, were of a short and high, or globose form, as though not very far

removed from a pristine spheroidal type still unseen by us. Genera such as Hemiaster

Desor, powerfully developed and abundant in species, prevailed in the Cretacean seas;

in all of them the vertical dimension was considerable relatively to the transverse,

even so as to exceed it, andt he longitudinal dimension did not very largely surpass the

ti'ansverse. The dorsal and ventral halves of the test were generally conformable in

outline, the ventral being even more or less convex, the front ambulacrum Avas rarely

deep, the periproct sub-dorsal, and the stomo-proctic axis made with the longitudinal a

not very acute angle. The thickset form of these antique Spatangi strongly contrasts with

the elongated build of Pourtalesia Jeffreysi. Nor is it that the contrast beconaes less

striking, when in a few genera of the middle Cretaceous time the calycinal part of the

test is strongly raised, and at the same time di-awn forward so as to make the front

almost vertical, as is the case in certain species of Cardiaster and the closely allied

Infulaster Hagenow. Of this remarkable form I have been able, through the kindness of

Dr C. A. DoHRN of Stettin, to compare a cast ^). At the first glance there seems to be

some little resemblance to Pourtalesia, in the convexity of the ventral surface, in the

vertically raised forepart with its slightly sunk ambulacral groove and in the caudal

part projecting a little beyond the anal region, a feature shared in a higher degree

by some Cassidulid». But with these really unesseutial features the resemblance ceases,

and, as will be seen hereafter, Pourtalesia in characteristics of primary importance

departs very far from those Cretaceous types. Nor is this dissimilarity diminished in

any respect when in the course of geological time great changes are seen going on in

the structure and general conformation of the Spatangean type, and other forras are

introduced, Prymnadete as well as Prymnodesmic, thoroughly different from their

predecessors, in the calycinal system opening posteriorly ^) for the reception of the

restored central piece and costal 5, and in the test discarding the high and thickset

build, and assuming more and more the lengthened and depressed form with a flattened

ventral surface, prevalent among the Tertiary, and still more among the existing species.

But in the whole number of forms, in which this change has been brought about,

there is not one that comes near Pourtalesia in the cylindroid build of its skeleton,

and the shortness of its frontal part as defined by the paired ambulacra of the trivium,

compared to the lengthening of its hinder and by far greater portion.

It is also in vain looking among the older Spatangidas for anything that may be

said to resemble that most striking feature, the bending in upon itself of the test, by

which the deep infra-frontal recess is produced, Avith the oesophageal opening at its

bottom. Among those forms that first come in sight, in the oldest Cretacean beds,

Anancites ^) has the five ambulacra all nearly uniform, the front ambulacrum dififering

') The collections oiice made by Fr. v. Hagenow (b. 1797, d. 1865), who was blind during the last

cight years of his life, at present form part of tlie Pomeranian Museum at Stettin. Dr C. A. Dohbn
and his son Dr II. Dohrn were good enough to search it for tlie original specinien of Infulaster, but

withont SHCcess. Casts in plaster of Paris were however found, evidently taken from it.

-) Études p. 12, 83. '^) Ib., pl. XXIV, fig. 181.



KONGL. SV. VET. AKADEMIENS HANDL. BAND. 19. N:0 7. 9

very slightly from the four paired ones. In the other Adetes sharing with Anancites

the want of a compact sternum, the front ambulacrum is already distinct in outline

and in structure; thus in Hemipneustes, Holaster ^), Cardiaster. Then Prymnadete

genera make their appearance, in which the paired ambulacra in their dorsal petaloid

portions, subservient to respiration, are more or less deeply sunk, thus setting forth the

bilateral structure of the body, while the forepart, which heads its movements, assumes

a form of its own, allowing the front ambulacrum, with its more or less specialised,

often highly extensible pedicels, to sink more or less deep between the interradia 2 and

3. It was at the close of the Cretaceous time, and in the beginning of the Tertiary

period, that this peculiar independence in form of the front ambulacrum was freely

developed, and the older times have little comparable to the excess it attains in the

species of Schizaster ^), Tertiary and recent, and in the strangely resembling deep-sea

form, Aceste bellidifera Wyv. Thoms '). In these a more or less considerable portion

of the front ambulacrum is deeply sunk, so as to protrude inwardly into the peritoneal

cavity. But this depression begins near the calycinal system, hanging down from the

roof, and, bulging in its middle part, continues decreasing towards the vicinity of the

mouth. In Pourtalesia, on the contrary, it is the ventral portion, from behind the mouth

and onwards, that is inverted so as to rise from the floor of the general cavity, carrying

along with it the peristome and the lip, and raising them into a vertical position, so

as to make nearly a right angle with the antero-posterior axis.

It is from the skeleton of Pourtalesia Jeffreysi that this description is taken. In

its principal terms it applies also to the other species of the group, to the somewhat

slenderer P. miranda; the more elongated P. phiale Wyv. Thoms, with its widely

gaping infra-frontal recess; the broad P. hispida Al. Ag. ; the more tumid P. laguncula

Al. Ag. and P. carinata Al. Ag., and even to the stout P. ceratopyga Al. Ag. with

its strongly expanded forepart. The two other members of the group, both apparently

Adete, the ovoid Spatagocystis Challengeri Al. Ag. with but a short caudal prolongation,

and the triangulär gibbous Echinocrepis cuneata Al. Ag. Avith the broad forepart and

the subventral periproct, are linked to Pourtalesia by more than one characteristic, but

mainly by that most singular one, the deep infra-frontal recess.

Thus with regard to the general form of the skeleton there is not one among all

the known genera of Spatangidas, and still less among the other groups of Echinoidea,

to which the Pourtalesiaj bear any closer relation. In that respect, as in most others,

they stånd alone at present.

1) Études, pl. XXV, fig. 182.

-) Corap. Schizaster nntiquus Cotteau, BuU. Soc. Géol., VI, 567.

=*) Voyage of the Challeiiger, I, 376. — Al. Agassiz, Eep. Chall. Echinoidea, 19.5, pl. XXXII, fig. 7—11,
XXXIII a fig. 1—7, etc.

K. Sv Vet. Aka.l Hanill. lianrl 19, N;o 7
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II. THE PERISOMATIC SYSTEM.

The perisomatic system in the Cystoidea and in tlie Echinoidea. The anoraalous disposition of its ele-

ments in tiie Ponrtalesiadas approaching to annnlose diflferentiation; the heteronoiny of 1 and 4 maiiitained;

the periproct, its position in Pouitalesia similar to its position in the Cassidulida^. The fasciola. The spines.

The perisome is the general envelope, and the interradia — the »area3» of Linnaean

terminology — are the portions of it that are exposed to view between the arnbulacra

and outside the calycinal system. It alone makes up the whole skeletal säck of some
Cystoidea. In Callocystites it is easily seen to be continuous under the ambulacra,

which are attached solely by their first adoral plates, but otherwise free. Its sutures

are clearly observable running under them, and its sui^face is marked with impressions

Callocystites Jewetti Hall.

Restored: showing the marks left ou the perisome by the slightly

raised ambulacra.

Ambalacrum broken away to show
the marks.

caused by their backs, when at rest and reclining against it. The independent natui'e

of the two systems cannot be more clearly indicated. Supposed then, as seems at pre-

sent quite lawful, that those movable members, which in the Cj^stoidea bear the oral

grooves issuing from the corners of the mouth, are homologous to the ambulacra —
the fettered limbs — of the Echinoidea, the question arises whether it may not be pos-

sible some day by skilful manipulation to demonstrate, in some species or other, the

uninterrupted continuation, under the ambulacra, of the interradia, as a very thin mem-
brane. But this is only one of the many questions to be taken up by a thorough in-

vestigation of the histology of Echinodermata. Another is that concerning the relation

of the perisomatic system to the calj^cinal. In the Cystoidea, — in which every trace of

a calyx is wanting, at least in the adult — the basal part of the skeleton is formed by
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the perisoiue alone. It is this that has led me to inquire whether in Endocyclic Gnatho-

stomes, Avhere the primitive dorso-central ossicle is broken up in consequence of the

eruption of the excretory opening, or, as in the case of Salenia, where a periproct is

formed more or less outside that ossicle, the antil membrane which is substituted for

the removed parts, may not belong to the perisomatic system, continuous under the

calycinal as well as under the ambulacral system, and thus forming by itself the

whole of the skeletal säck.

Being thus the principal constituent of the exteriör of the Echinoidean skeleton,

the perisome has a tendency to assert its supremacy, so to speak, by intervening

between the tAvo other, or even infringing upon them. I have shoAvn hoAv largely

this takes place among the Star-fishes. ^) In the young of Asterias glacialis the caly-

cinal system, originally compact and complete in all its parts: central ossicle, five

costals and five radials, is broken up OAving to the predominant development of the

perisome, by dint of which the central ossicle is replaced by an anal membrane, the

five costals severed from one another almost past recovery, and the five radials

moved far off to the tips of the rays. And among the Echinoidea, Avhen in the

Collyrites the ambulacra of the bivium are seen diverging from their normal position,

the space left open is found to be filled by expanded interradials. Wherever there

is a question of thoroughly making out the relations of the three systems cora-

bined in the Echinodermal skeleton, it is of primary importance to keep in vieAv this

ascendency of the perisomatic system, in \'irtue of Avhich it is seen in more than one

Avay, and often in a delusory manner, to mix itself Avith the other systems, and ob-

scure their relations.

The Perischo-echinida are characterised by the presence in eacli interradium, at

the ambitus, of more than tAvo series of perisomatic plates, out of Avhich the ad-

ambulacral alone attain to the peristome and the calycinal system. It Avas believed

that this mode of structure Avas limited to the Paleozoic era, and that Avith the single

exception of the genus Tetracidaris Cotteau, of the Cretacean era, all the Mesozoic,

Tertiary and existing Echinoidea had only tAvo series of plates in each interradium.

To this another exception has lately been added. During the latter part of the Tri-

assic period the sea that covered Southern Tyrol Avas inhabited by a fauna, preserved

at S:t Cassian, ^) in AAdiich survivors from the Pateozoic era, such as Spirigera, Cyrtina,

Retzia and Murchisonia, Avere coeval Avith numerous Mesozoic and modern types, then,

as far as Ave knoAv, appearing for the first time, and species of Orthoceras lingered

among the earliest Ammonites, of an antique aspect. In this assemblage of old and

neAv the Echinoidea were represented by numerous forms referable to Cidaris and a

single Hypodiadema, and along Avith these by the very singular little Tiarechinus

princeps (Laube) lately described by Neumayr. ^) I am indebted to D:r Franz v.

Hauer, and D:r Dionys Stur, of Vienna, for the opportunity kindly offered to exa-

') Études, p. 86, pl. LIII, tig. 256— 260.

-) Laube, die Fauna der Schichten von S:t Cassian, Wiener Denkschriften, XXIV, XXV. XXVIII, XXX,
1868.

ä) Sitzungs-Berichte d. K. Akad. d. Wiss. Wien, Abtli. I, LXXXIV, Juni 1881.
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luinc; carefully tlie original specimens of this species, and tlius fully to fonfinu the

description given by Neumayu, even on points tbat to him seemed dubious; Pl. XIII,

fig. 150—162. The ambitus of the test is more or less oval, the relation between

length and breadth being as 53 : 50, 48 : 48, 39 : 38. The doi'sal face, almost entirely

constituted by the calycinal system, is high and hemispherical, the basis flat, even

concave. The antero-posterior axis, which coincides with the longitudinal, is detei-mined

by two of the ambulacra, those of the bivium, I and V, being notably closer together,

almost adjoining one another, while those of the trivium are more widely separated,

and by equal distances. The stoma is large, conformable to the general ambitus,

and the peristoma, made up of ambulacral and interradial plates, shoAvs no trace of

notches. The ambulacra, all alike and equal, are expanded at the peristome, and, as

it were, connected there by a narrow somewhat raised margin, then a little contracted,

slightl}' expanding again, while ascending the flanks, and terminating a little above

half the total height. Their zones of pores, diverging near the peristome, are simple,

the plates being all primary, each bearing near the outer margin a geminous pedi-

cellar pore, placed obliquely, the inner perforation being nearer to the adoral margin.

Inside the pore there is a hemispherical tubercle, smaller and perhaps wanting near the

peristome; the middle part of the ambulacrum is finely granulated.

Regarding the intei^adia Neumayr thought he observed, in each of them, a single

peristomal plate, followed by three plates separated by vertical sutures. This I have

verified, fig. 152, 154, the exceedingly fine sutures having been made to come forth

distinctly, in all the five interradia of the best specimen, by keeping it immersed in a

mixture of spirits and glycerine, a medium that at times is effectual on refractory

specimens. The first peristomal plates are single, those of 1, 2, 3, 4 equal in breadth

to the ambulacra, that of 5 considerably smaller, all of the same shape, hexagonal.

llie single peristomal plate is everywhere followed by three very high, laterally conti-

guous plates, extending to the termination of the ambulacra. Of these the middle one

adorally almost equals the two lateral, and narrows upwards, while these expand. The

first plate is smooth, and bears a single, central, large tubercle; the three second plates,

smooth in their flattened basal portion, are each provided with a tubercle somewhat

larger than that of the first, the three tubercles making a transverse row, and being

connected by a distinct rounded ridge, Avhich limits the basal surface from the ascen-

ding flanks. All the four tubercles consist of a hemispherical imperforate mamelon

surrounded by a narrow, not very distinct areola. Laterally, and from a little above

the tubercles, the Avhole dorsal face is thickly covered with oval or roundish granules,

which in the interradials partly assume the appearance of vertical rows.

This disposition of the plates of the interradia is completely foreign to the Endo-

cyclic Echinoids. A single peristomal is a characteristic proper to the Neonomous,

— the Echinonei excepted — ; but the triple row following it is Avithout a parallel in

the whole class. The peculinr foirna of the middle plate recalls, in a distant manner

it is true, what is seen in certain Cystoideans, in which however it is barely possible

to find out any attempt at order in the disposition of the plates of the perisome.
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VVhen tVoiri this erainently archaic fonn \ve turn at once to Pourtalesia Jeffreysi,

so profoiindly contrasting in every particular of its build, the five interradia are found

to conform to the rule prevailing in the Neononious Echinoids, of Mesozoic and låter

origin: they all consist of a double series of plates, Pl. II, fig. 9. The two anterior,

2 and 3, considerably smaller than the lateral ones, 1 and 4, are, as usual, enclosed

between the frontal ainbulacrum, III, and the paired ambulacra II and IV. Occupying

the corners of the front, with their inner series of plates drawn in into the infra-

frontal recess along with the ambulacrutn III, they rise on either side, and terminate

dorsally within the angles formed by the trivious ambulaci'a and the calycinal system.

Their plates are, upon the whole, smaller than any other in the whole test. They enter

the peristorae each with a single plate 2 b J, S al, Pl. II, fig. 9; III, 12; IV,

18, 19, belonging to their inner series, a long, rather narrow and flexuous plate,

joining anteriorly the a 1 and b 1 of the ambulacrum III, extending along the nearly

vertical sides of the stoma, and meeting ventrally and posteriorly the miniite labrnm

marked 5, Pl. II, fig. 9; IV, 16, thus excluding from the peristome the ambulacra

II and IV, I and V. In the same series 2 b and 3 a, this first plate is followed by

a large second plate, joining its entire aboral margin, and preceding a series of ten or

eleven sub-hexagonal oblong plates, soon diminished in size, and ending at the calycinal

system with a small squarish or sub-pentagonal plate, Pl. II, fig. 9; V, 25, 26, 27,

28. The outer series, 2 a and 3 b, Pl. II, fig. 9; III, 12; IV, 18, 19, of ten plates,

coramences with a middle-sized plate, 2 a i and 3 b 1, having its hinder extremity

inclosed between the ambulacrals II b 1, 2, 3, and IV a, 1, 2, 3, and the interradials

2 b, 1, 2, 3, and 3 a, 1, 2, 3, and thereby excluded from the peristome. It is followed

by nine hexagonal plates, somewhat larger than those of 2 6 and 3 a, increasing up

to the fourth or fifth, then diminishing, and joining the calicynal system with an

irregularly squarish terminal plate, Pl. V, jig. 25, 26, 27, 28.

The lateral interradia 1 and 4 are much more expanded, as generally in the

Spatangidaj, and especially in the Prymnodesmic genera. They constitute the flanks of

the body. On the dorsal surface their plates are the largest of all, and on the ventral

inferior to the sternum, 5, 2, alone. By an arrangement hitherto without parallel, they

comraence, not, as by rule they ought, in the peristome and separately, but apart from it

and jointly, in the middle of the ventral surface, Pl. I,
fi.g. 2 ; II, 9 ; III, 10. As in

most Spatangidfe, Prymnadete and Prymnodesmic, the flrst plate of these interradia,

though properly belonging in comraon to both series 1 b and 1 a, 4 b and 4 a, still

seems to appertain more especially to the anterior of them, 1 b and 4 a, ^) so also in

Pourtalesia Jeffreysi it is the first plates of the anterior series that alone are reci-

procall}^ contiguous, and this along the entire inner margins of their first plates, 1 "/, 4 i,

thus separating from one another the first and second plates of the ambulacra I and V.

In the specimens from which the figures Pl. I, fig. 2, 8; II, 9; III, 10, were taken,

the first plate of the interradium 4 is twice the size of 1, 1, and alone in contact with

the ambulacrals I, 1 and V, 1. But in this respect there may be some variation. These

1) Études, pl. XXVIII—XXXVIII, XL—XLIII.
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two first plates of 4 and 1 are followed in the anterior series on either side by ten

or nine large oblong hexagonal, finally irregularly pentagonal or squarish plates.

The hinder series, beginning outside the seconds of the ambukicra I and V, con-

tain each seven separate hexagonal plates, 2—S, among which the 1 a 3 and 4 b 3

are lengthened, the following slightly dirainishing, and rather squarish.

But, after all, strangely displaced and brought out of their normal position in

the peristome as are the lateral interi-adia 1 and 4 in Pourtalesia Jeffreysi, they still

retain a peculiarity eminently characteristic of the Spatangida^. In my former memoir

on Echinoidea ^) I called attention to the singular deviation invariably met with in the

structure of their interradium 1, the one on the right side of the animal. In all the

known genera of Pryinnodesraic Spatangidse, from the extinet Micraster of the Chalk to

Lovenia, ") this heteronomy is so strikingly displayed as not to be overlooked. It is

brought about by the constant coinbination of the plates 1 a 2 and 1 a 3 into one

single corapound plate 1 a 2 + 3. It is no less apparent, and effected in a similar manner

in most of known Prymnadete genera, in Hemiaster, Abatus, Agassizia, Schizaster, Moira, ^)

and, among the Adete forms, in Echinospatagus. '*) In Paheostoma °), exceptional in other

respects also, the plates 1 a 2, 1 b 2, and I b 3 are all united into one, while Faorina

and Desoria '') have the plates I a 2 and 1 b 2 cornpounded into one single binary plate.

This same disposition holds good also in the almost extinet group of Adetes, such as

Anancites, ''), Holaster, ^) Cardiaster, Offaster, characterised by the plates of the inter-

radium 5 following the labrum not being united into a shield-like double sternum, but

separate, transversely pentagonal and wedge-like. In times farther back yet, among
the Collyrites, there seeras to have been no trace of the heteronomy.

This striking feature presents itself under a new form in Pourtalesia Jefifreysi,

Pl. I, fig. 2; II, 9; III, 10. If in this species the plates of 4 a and 1 b are counted,

there are ten in the former, and only nine in the latter. This may depend on one

plate being wanting in the 1 b series, or on two plates having been united into one.

That this latter is really the case is seen plainly enough. The two hinder series, 1 a

and 4 b, consist each of eight plates, the first, marked 1, 1 and 4, 1, belonging in

common to the two series 1 a and 1 5, 4 a and 4 b. When the plates are compared one

by one from side to side, as their numbers correspond, they are found symmetrically

conformable and evident counterparts, from 4, b 8 and 1 a 6' to 4 6 5 and 1 a 3. But

4 6 5 is not conformable to 1 a i", the former being distinctly hexagonal, the latter as

evidently pentagonal. This is so because the former, ^ b 2, has to face adorally the

three plates 2, 3, 4 of the series 4 a, while the \ a 2 has to front two plates only.

But the plate 4 a 4 evidently answers to the third in order in 1 b, so this latter must

be marked I b 4 and the plate between it and the plate 1, 1 set down as 1 b 2 + 3.

Pourtalesia laguncula Al. Ag., Pl. VI, fig. 37, presents exactly the same heteronomous

disposition of the identical plates, 1 b: 1, 2 + 3, 4=4 a: 1, 2, 3, 4, and presumably it

will be found to pervade the whole group. It seems stränge that the plate 1 b 2 + 3,

1) Études, p. 49—52. -) Ib. pl. XXXII—XLIII. 3) n,. pl. XXVI, XXIX, XXX, XXXI. *) Ib. p. 58.

') Ib. p. 50, pl. XXXII, fig- 197. 6) Ib. pl. XXVII, XXVIII. ^) Ib. pl. V, fig. 51; pl. XXIV, fig. 181.

8) Ib. pl. XXV, fig. 182—184.
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containing the inatter of two plates, is so out of proportion to the plates 4 a 2 and

4 a 3 taken together, which it represents, but this is often the case also in the Spa-

tangida3, and, as in these so in Pourtalesia JefCreysi, one or two aniong the following

plates in 1 6 to some extent compensate for the defect. And finally the position of

the lieteronomy in these vei-y saine phites clearly testifies, that the two reinaining

innermost plates of the series are really the 1, 1 and 4, 7, and that thus these inter-

radia, thougli displaced, are coinplete and normally constituted.

The formulEe of the heteronomy in the different groups are:

Adetes: Anancitiche - 1 a 2 + ä 2 = 4 a 2 : 4 ä 2.

Prymnadetes : Desoria, Faorina _.. 1 a 2 + b 2 = 4 a 2 : i h 2.

>> Hemiaster— Moira 1 « 2 + o .» = 4 4 2 : 4 /> .».

Pryrauodesmiaiis: all the genera _ 1 a 2 + a 3 = 4: b 2 : i b 3.

Pourtalesia: two species _ _ _ 1 i2 + ÄJ = 4a2:4a,?.

The union, in 1, of two plates into one, which in the great inajority of the Spa-

tangidoB takes place within the n series, and in the Adetes and a few Prymnadetes

within both series, a and b, in the Pourtalesia^ is transferred, entirel)^ to the b series,

a deviation corresponding with their reinoteness in other respects. Everywhere the

heteronomy is, on the right, confined to the interradium 1. Evidently connected with

the obliquity represented hy the axis ««, it is derived from some point in the larval

development not yet understood, a mark, perhaps, recording the heterologous position

of the young Echinus in the interiör of its Pluteus. ^)

In ascending the tumid flanks of the body, the interradia 1 and 4 in Pourtalesia

Jeffreysi slightly incline forward, and terminate in joining again from either side on

the back, nearly at the anterior third of the entire length, Pl. 1, fig. 1; III, 11; V,

25—28. There they end, without attaining their proper position, as by rule they ought,

in contact with the calycinal system, being kept apart from it by the intervenience

of the terminal plates of the odd interradium 5. Thus, while ventrally they do not,

as in all other Echinoidea, take their origin separately, in the peristome, between the

ambulacra I and II on the right, and IV and V on the left, so dorsally they do not

terminate, as conformable to rule, isolated from one another, and at the calycinal

system, but at a distance from it and uniting reciprocally. Below, they break through

the bivious ambulacra; above, they disjoin the posterior odd interradium and take up

among them its detached plates, and all through the space thus opened, they describe

a broad perisomal belt continuously encircling the body around its middle.

Unlike the paired interradia just described, the odd posterior interradium is

represented, conformably to the general rule, in the peristome of Pourtalesia Jeffreysi,

by a true, though very minute labrura, 5, PL II, fig. 9; IV, 16. Its position is entirely

within the incurved forepart of the test, and there it is wedged in between the first

plates of the interradia 2 and 3 and the first of the ambulacra II, IV, and I, V. By

the interposition of all these plates the labrum is widely sepai^ated from the seconds

of 5, which here, as in the Spatangidaä, are formed into a sternum, b, a b 2, PL I,

1) See Études, p. :37—39, pl. XVII, fig. 140.
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fig. 2; II, 9; III, 10. But in Pourtalesia tliis essential constituent of the ventral surface

is not composed of two collateral, lengthwise suturally uiiited plates, but compact, all

of one single piece, shield-like, slightly bulging, pentagonal, ^videning a little anteriorly,

and having its front margin faintly arcuated. Although, if taken as a whole, surpassing

in size all the other plates, it is considerably smaller, relatively to the entire ventral

surface, than the sternum of the Spatangidaj, but notwithstanding this and its backward

position, it is at once recognised by its mesial position and its numerous crowded

spines. It is followed by a pair of Avell defined and fairly sized episternals, somewhat

lengthened, but else not unlike those of Meoma and Brissus ^), crossed, as they ought

to be, b}' the ventral portion of the subanal fasciola, and contracted a little posteriorly

so as to form on either side, with the first pair of abdominals, 5 a 4, 5 b 4, &w open

but distinct episternal angle into which are received the bivious ambulacrals \ a 4 and

Y b 4, Pl. II, fig. 9. By curving upward rather abruptly, Pl. I, fig. 3, this first pair

of abdominals and of pre-anals constitute the hindermost blunted end of the test, and

cause the second and third pre-anals, 5, 5 and 5, 6, to form the dorsal, flat or even

slightly concave surface of the caudal prolongation. Of these the first-named, 5, 5, is

traversed by the fasciola, Pl. I, fig. 1, 3 ; II, 9. Then come three pairs of anal plates,

5, 7, 5, 8, 5, 9, Pl. I, fig. 4, diverging sideways to give room to the excretory opening,

and having their inner margins cut out for the periproct, the two first-named forming

its inward sloping sides, Pl. I,
fi.g. 4; III, 13. The third, 5, 9, turns abruptly över

on the back, and is there followed by a forwards directed series of seven pairs of

dorsal plates, 5,io to 5,ic which gradually contract, Pl. I, fig. 1; III, 11. They are at

first transverse, then somewhat squarish, at last longitudinal, all irregularly hexagonal,

having one of their sides lengthened, and another hinder one very short, thus giving

rise to an almost straight-looking middle suture. It is this part of the back which

is raised into a distinct mesial ridge subsiding into the simple convexity of the pairs

5, 15 and 5, 16. In these two pairs the a plate becomes distinctly smaller than the b

plate, in a manner analogous to the checked growth of the corresponding plates

observable in certain Spatangida3 ^). Situated within the anterior third part of the dorsal

surface, and separating from one another the terminals of the bivious ambulacra, the

dorsals 16 of the interradium 5 are there met by the two lateral interradia 1 and 4,

PL. I, fig. 1; III, 11, joining one another from either side, and intervening with their

large plates between them and the calycinal system. But it is only at the first colli-

sion that the dorsals give way. Taking advantage, as it were, of the intersecting

point of the sutures of the four terminal plates of 1 and 4, the odd interradium 5

there reappears as 5, 17, rather out of shape, and with the a plate still more reduced,

Pl. I, fig. 1; II, 9, or altogether löst in the conflict, Pl. III, fig. 11. And when, on

the further side of \ b 10 and 4 a 10, it comes forth again, its two plates, 5, 18, have

resumed their proper size and due proportions, and at the same time have attained

their legitimate position in close contact with the calycinal system. Thus, in Pourtalesia

Jeffreysi, the sequence of these dorsal plates of the interradium 5 is broken. From

•) Études, pl. XXXIV, XXXV. 2) xi,._ p. 60.
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analogy it seems probable that the continuous series of much reduced plates which

in the Collyrites connects the periproctal area with the dismerabered calycinal systern,

and keeps asunder the interradia 1 and 4, raay be found to consist of true interradials

belonging to the odd posterior interradium 5.

It is iinportant to know whether the highly anomalous disposition of the

perisomatic system in Pourtalesia Jeffreysi is a peculiaritj^ more or less characteristic

of that species alone, or, like the frontal recess, a feature common to all the different

forms of the group. In Pourtalesia laguncula Al. Ag. ^), Pl. VI,
fi(/.

37—40, the labrum,

5, 1, much larger than in P. Jeffreysi, excluded from the peristoine, expands posteriorly,

drives asunder the first plates of I and V, and attains the adoral ends oi 1 b 1 and 1

b 2+3, å a 1 and 4 a 2, herein very strongly differing from the labrum of that species.

But the interradia 1 and 4, expanded as in P. Jeffreysi, exhibit exactly the same

disposition by uniting mesially, and forming a continual broad ring passing round the

middle of the body, and where they meet dorsally from either side, their junction is

completed by the interposition of detached plates of the postei'ior odd interradium 5,

Pl. VII, jlg. 52.

According to the figures given by Al. Agassiz ^) of Spatagocystis Challengeri, its

interradia 1 and 4 unite ventrally as well as dorsally, and by their interposition, and

that of the ambulacra I and V, the labrum is separated from the sternum, which is

very minute and narrow. Dorsally a row of plates of the interradium 5 separates

them from the calycinal system.

These three forms, therefore, Pourtalesia Jeffreysi, P. laguncula and Spatagocystis

Challengeri, all agree in the annular disposition of the middle region of the perisome

formed by the lateral interradials, 1 and 4; — but they seem to be extreme cases.

For, as far as the fragraentary condition of the specimens available has permitted

me to ascertain these points, Pourtalesia cainnata Al. Ag. ^) and P. ceratopyga Al.

Ag. *) as well as Echinocrepis cuneata Al. Ag. ") differ from them in a marked manner.

Like P. laguncula they all have the labrum, 5, 1, expanding aborally. In P. carinata,

Pl. VI, Jiff. 42, 43, 45, 46, as in that species, but unlike what is seen in P. Jeffreysi,

the arabulacrals I, 1 and V, 1 are bi-seriate, a and b, but aborally they are not, as in

P. laguncula, separated from I a and b 2, V b and a 2, but contiguous to them.

Consequently the interradials 1 and 4 do not join one another on the mesial line,

but are wholly lateral, as they ought to be. They do not, however, form part of the

peristome, being excluded from it by the close contiguity of the ambulacra I and II, V
and IV, but are to be seen, narrow, deformed and isolated, squeezed in betAveen the

I b 1 and II a i on the right, and the Y a 1 and IV 6 / on the left, as if forced out

of their proper places in the peristome. The fragment examined permits me to observe

how the V and IV unite behind the 4, /, and how the 4, 2 makes its appearance outside

the union of V a 5 and IV /; 2, fig. 42, 46, 45. On the right side, Avhere the 1, 7 is

1) Chall. Rep. p. 137, pl. XXII a, fig. 7—15; XXXI, fig. 1—11. -) Ib. p. 141, pl. XXVI. XXVI a.

3) Ib. p. 133, pl. XXVIII a. -») Ib. p. 134. pl. XXVm, XXXV h, fig. 17. ') Ib. p. 143, pl. XXVII,

XXXV a, fig. 9—13.

3K. Vet. Akad. Handl. Baud 19. N:o 7.
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considei*ably larger, the broken test shows only the junction, behind it, of I b and II a.

The labruin, like that of P. laguncula, is very iiarrow adorally, jig. 42—44, — it is härd

to say whether it reaches the peristome or not, Jig. 46, — and enlarges aborally, till it ineets

a pair of plates that occupy exactly the place between the ambulacra I and V, regularly

allotted to the sternum, 5 a b 2. According to Al. Agaösiz they seem to carry spines

bigger than others, on closely packed tubercles. From all this it follows that in P.

carinata the interradials 1 and 4 do not join ventrally in the niiddle, and conse-

quently do not form a continuous ring. Dorsally they are very much the same as

those of P. lao'uncula.o
In Pourtalesia ceratopyga, Pl. VII, jig. 48, 49, 50, with its bi-seriate ambulacrals

I and V, there also appears between them and II and IV, on either side, a wedge-

shaped interradial 1, 1 and 4, 1, excluded from the peristome, but on the left side, 4, 1,

not very far from being admitted to its legitirnate position in it. Dorsally, /i^. 51, the

interradials 1 and 4 unite, broadly separating the last plates of 5, out of which a few

are pushed forward so as to infringe upon the calycinal system.

Echinocrepis cuneata Al. Ag. O ventrally seems to present the same disposition

Pl. VII, fig. 53. The first plates of 1 and 4, excluded from the peristome, occupy the

same places as in the two preceding species, and probably are contiguous to their re-

spective interradia. The labrum, 5, perhaps without reaching the peristome, is produced

aborally, and according to the figure given by x\l. Agassiz, seems to reach the ambu-

acrals I a b 2 and Y b a 2, which separate it widely from the sternum, 5, 2. Dor-

sally, fig. 54, the 1 and 4 laterally touch the calycinal system, while posteriorly the

ambulacra I and V intervene between it and the last plates of 5.

Thus, Avithin the definite and narrow limits of the little group of the Pourtalesiada^,

consisting at present of only ten species distributed into three genera, and held firmly

together by a few essential and constant characteristics, there exists in the perisomatic

system a movement at once forcible and anomalous, tending to transform its most im-

portant elements into something unlike every precedent. Ventrally the change may
be supposed to begin with the withdrawal of the 4, 1 and 1, 1 from the peristome,

and their secluded reception between I b and II a, V a and IV b, as in Pourtalesia

carinata, P. ceratopyga and Echinocrepis cuneata, while these same ambulacrals are left

in legitimate contiguity to the respective I a b 2 and Y a b 2; — and to end, in

Pourtalesia Jeffreysi, P. laguncula and, apparently, in Spatagocystis Challengeri, with

the entire removal of 1 and 4 from their old places between I and II, V and IV, to

a new position, on the mesial line of the skeleton, where they interrupt the succession

of plates in the ambulacra I and V and the interradium 5. Dorsally, while in Echinocrepis

the 1 and 4 can hardly be said to join one another, they in all the other species exa-

mined unite freely and largely, with the intervenience of plates from the interradium 5.

And thus in these three species at least, the interradia 1 and 4 coinbine to form a

continuous ring all around the raiddle of the body. Once before, early in Mesozoic

time, for a Avhile and not unlike a trial soon given up, a structure resembling

>) Chall. Rep. p, 143, pl. XXXV a, fig. 10.
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this was seeii, in tlie CollyritidaB, but imperfect, the ring being open ventrally and

closed dorsally only. In these Pourtalesia^ it is complete above as below. This is

a feature hitberto unseen ainong Echinoidea. With it the appearance of a radiate

disposition of the skeletal elements, still kept up, to no small extent, in the Spatangidte,

is destroyed in an essential degree, and a tendency betrays itself towards an annulose

differentiation of the bilaterally symmetrical constituents of the cylindroid skeleton.

When retiecting on the great difference between Tiarechinus and Cidaris on the one

hand, represented already in the earliest of Mesozoic times, and Pourtalesia on the

other, nowhere recognised among extinct forms, and on the general character of the

succession of varying forms separating their epochs, the idea presents itself that,

while one branch of the Echinoidea, the Archfeonomous, has tenaciously persisted in

maintaining its original features, the other, the Neonomous, has been striving all the

time to lay aside the radiate sameness of the ancient structure, and gradually to

approach a higher standard of organisation endowed with snperior appliances for

ministering to the varied activities of life; and that something like siich a stage of

its evolution is on the eve of being touched, among the Pourtalesiadaj, by means of this

primitive attempt at an annulose difierentiation of some of the skeletal elements.

Each of the different groups of Exocyclic Echinoids, Dentiferous as well as

Edentate, on its iirst appearance, has the excretory opening placed at or near the calycinal

system, and from thence, in the course of time, it gradually recedes farther and farther

back. Thus, among the Echinoconida; '), in Pygaster, the oldest of them, it is dorsal

and still partly calycinal, as though it had just broken through the circle of costals;

in' Pileus, of the Middle Oolite, it is dorsal, sub-marginal; in the Oolitic species of

Holectypus it is marginal or ventral, in the Cretaceous ventral and farther removed;

in Discoidea, of Cretaceous origin, it is ventral, in Echinoconus and Anorthopygus

posterior, sub-ventral. In this group thei-efore, the excretory opening is seen early to

have broken thi-ough the calycinal circle, and, when out of it, to retrograde farther and

farther back. But this branchlet of the Dentiferous type was not strong enough to

endure all through the Tertiary period and up to the present era, — its sole survivor,

the Pygaster relictus of the Caribbean sea, is of very diminutive dimensions — , it is

upon the main branch, the Endocyclic, that it has devolved to people the seas of

sQccessive geological ages, and at its side the Dentiferous Exocyclics are actually repre-

sented by the Clypeastridaä, of all but Tertiary origin. In these the periproct is far

removed from the cal3'x, and they present many a feature foreign to the primary types.

Long before their appearance the other great branch of the Echinoidea, the

Edentate, not upon record from Palasozoic time, already formed a conspicuous part of

one of the earliest among Mesozoic faunas as yet recognised. From whatever point

of the common trunk it may have once originated, whatever may have been its phases

of existence previous to its appearance, and still unknown to science, it gives evidence

enough of having undergone profound modification, and, in assuming new distinctive

features, of having done away with structural formulas deeply characteristic of its elder

>) Études, p. 79.
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sister-branch. And in the whole course of its development it continues to deviate

more and mox-e.

It begins with the Echinoneidaj. Galeropygus and Hyboclypeus, thti oldcst known,

from the Liassic and Oolitic periods, with a rounded auibitus, have the excretorj'

opening close to the calyx; in Galeroclypeus, Pachyclypeiis, Desorella, from the Middle

Oolite, it is posterior, even marginal. In the Oolitic species of Pyrina it is near the

calyx, or at the middle between it and the posterior margin; in the Cretaceous species

it is marginal, and it becomes ventral in Echinoneus, Tertiary and recent.

Among the Cassidulidae the Oolitic genera, Clypeus and Pseudodesorella, have

the periproct not far removed from the calyx, and the gap is often filled by a pro-

longation of the radials I and V. Out of twenty Oolitic species of Echinobrissus nine

belong to the older division, and five of these have the periproct sub-calycinal, one

not far behind, and three at half the distance between the calyx and the postei'ior

margin; seven species are Middle Oolitic, and it is sub-calycinal in one of these, at

one fourth, one third, or one half of the distance in five, behind the middle in one.

In the Upper Oolite, of four species, one alone has the vent sub-calycinal, three

posteriorly in the middle, and the three Cretaceous species, as also E. recens, of a

lengthened general form, all have it posterior, at the middle, or even behind. In all

the numerous genera of the Cretaceous and Tertiary periods the periproct is from

supra-marginal to infra-mai"ginal, and in those of Tertiary origin ventral, even sub-

oral. In general, and with the sole exception of Pygurus, in which, in Oolitic time,

it reniained marginal or was even infra-marginal, the site of the periproct in the oldest

known forms of Edentates was in close vicinity to the calycinal system, and from this

point it retrograded farther and farther dui'ing the Cretaceous and Tertiary periods,

even so as at last to become ventral.

In the CoUyrites, of Oolitic existence, the periproct is posterior, and so it is in

the Holasterida3. Among the earlier forms of the Spatangida3 its site is more or les.

dorsal, in those of låter appearance it recedes, according as the abdomen lengthenss

Like other features permanent in earlier forms, transitory in the more recent, this

pi"ogressive modification is exhibited in the course of the individual development of

recent forms.

Philippi, when describing the antarctic Spatangi ^) for which Troschel afterwards

created the genus Abatus, relätes that he found, within their deepened petals, some

very minute specimens which he suspected to be their young, and this discovery has

since been confirmed and extended by Al. Agassiz ^), who examined specimens collected

at the Kerguelen Islands, as well as by Sir Ch. Wyville Thomson '^) and by Studee ^),

who both at that same locality had frequent opportunities of seeing live specimens.

I am indebted to the well-known liberality of the late Professor W. Peters for a

present, Avhich cannot be too highly appreciated, of three young ones taken out

of the marsupial petals of the unique specimen bearing such, in the Berlin Museum.

1) Études, p. 81. 2) Wiegm. Arcli. XI, 1845, p. U7. ^) Proc. Amer. Acad., XI, 1876, p. 231. — Rep.

Eohin. Chall., p. 177, pl. XX a. «) Journ. Linn. Soc, XIII, p. 67. — Voy. Chall., II, p. 229. ^) Mon.

Ber. Berl. Akad., 1876, p. 457 — Ib. 1880, p. 881. — Zool. Anzeiger, 1880, p. 343.
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Oiily one aniong them was entire, but taken all together they afforded materials enough

for observing some details not noticed before, Pl. XIV, fig. 163—171. Although ap-

parently not far fi-oin leaving the nursery, they are still without oesophageal and ex-

cretory openings. In length they measure 2,3 mm., in breadth 1,9 mm. The general

form of their test is very much tliat of the parent, as is also the dark brown colour.

The whole body, spines and all, are tightly enveloped by a thick membraneous cover-

ing, the larval covering, closed at every point, and devoid of any opening for the

alimentary organs, the animal still subsisting solely on the nutritious matter in store

from the previous state of its development. In this stage now, the last one of its

evolutional life, a stage of external rest passed through alike by the Cidaridte and

the Echinidai, and by the Spatangidse, the future skeleton is being built up, while in-

ternally the different organs receive their final strueture as demanded by the mode of

life of the adult. Under the thick envelope of the young Abatus cavernosus the spines,

straight, conic, erect and bristling, look strong like those of an Ai-chteonomous Echinoid,

while the calcified plates of the ambulacral and interradial systems are already dis-

tinctly visible, and can be followed all the way up to the calycinarsystem, fig. 165, 166,

167 . The skeleton, thus laid out in its principal parts, presents two clear spaces,

both however overspread by the general covering and both unpierced, the one on the

ventral side, not much before the middle, being the pentagonal stoma, fig. 163, 165,

the other, on the dorsal side, a little behind the middle, being the central part över

which the calycinal system is forming. fig. 164, 164 A. When the test is cut open

horizontally, the intestinal tract is seen to be thick in its middle part, contracted

in its oesophageal and rectal parts. Both portions end cajcally, and their closed ex-

tremities are seen to touch the wall of the visceral cavity, to Avhich they are attached

by the peritoneal lining descending upon them: the oesophageal extremity at the centre

of the stoma, fig. 165, 167, the excretory at the centre of the clear space of the h&ck, fig.

166, 168. Thus, at this stage, while directing its oral end towards a point slightly in

front of tlie middle of the ventral surface, and its excretorial end to the central part

of the calycinal region, only a little behind the middle of the back, the intestinal tract

for a while has an ortho-proctic position, and recalls its Endocyclic termination in the

ancient types. But this is here only a transitory condition, the centre of the caly-

cinal system remains unpierced, and the excretory end of the intestinal tube, still

blind, retrogrades, and opens only when beyond the limits of the calycinal system, —
a movement, analogous to that known to have taken place, during past geological

periods, through a long succession of Exocyclic species. The two large plates of the

interradium 5, fig. 166, that approach nearest to the calycinal system, are those of the

sixth pair, the labrum counting as the first. And, because in the adult the periproct

is surrounded by the lifth, sixth and partly the seventh pairs, and, as I have shown in

the case of Brissopsis lyrifera ^), the periproctal plates remain the same in the adult as

in a specimen not very much older than this young one of Abatus, it may be presumed

that, in consequence of the forward movement of the apical part of the test, and

») Etudes p. 60, pl. XXXVII, «g. 218.
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the backward growth of the abdomeii, coiiibined Avith thc tciidency of the aliiiiciitary

canal towards an antero-posterior direction, its excretory end, after havirig opened —
whicli, as far as I have been able to observe, is done simultaneously with the openiiig of

the oesophageal end — is drawn back towards the plates of the sixth pair, and that

subsequently the seventh and following subanal plates are added, increasing its

distance from the calyx. A young specimen of Echinocardiuni flavescens O. F. M.,

1,7 min. in length, Pl. XV, Jig. 173, has the opened pei"iproct high up on the back,

near the calyx, from which it is separated by only two interradial plates. It is large,

widely elliptic, and the calcified lamimi', of the anal membrane are disposed in two

rings, surrouuding tive converging triangulär scales. Thus here also the stomato-

proctic axis is not very far from vertical.

The manner in which the periproct is formed in Pourtalesia will probably never

be known. In the adult of Pourtalesia Jeffreysi it is placed as far back perhaps as

in any other species of the Neonomous forms, Pl. I, jig. 3, 4; II, 9; 111, 13, över the

caudal prolongation, in the deep depression between the interradials 5 a and b, 5 to

O, and the ambulacrals I a and V 6, 5 to 7. It is transverse, cut out in the in-

terradial plates 7, 8, 9 of 5 a and b, that form, with 5 and 6', thc circum-anal

region, which is expanded and received on either side into the sinus made by I a

and V b, plates 5-7. The anal membrane is divided into two portions, an upper

and overhanging one, between the interradials 8 and 9, and an under and rising one,

between 8 and 7. The upper is broader and covered with smaller lamina?; it is the site of

the excretory opening, a narroAv transverse slit; the under portion, semi-circular,

has larger scales. This structure agrees with what is seen in the Cassidulida3. In this

group the periproct, ti'ansverse and reniform, is likewise placed in a depression above

the slight caudal prolongation, and the posterior under portion of the anal membrane,

lilling nearly the whole, is covered with a few large scales, while the upper, with the

transverse excretory opening, is very small and drawn up close under the margin of

the somewhat projecting post-anal plates. In the Spatangidaa, on the other hand, the

membrane is of one piece, with its scales arranged concentrically all around, and the

excretory opening, roundish and sub-central, closed by converging laminaa, as in the

young of Echinocardiuni flavescens described above, PL XV, fig. 173, or in Palaiostoma

mirabile Gray, PL XVI, Jig. 184, 186, 191 ').

In Pourtalesia Jeffreysi and its congeners only one fasciola is present, a well-

marked subanal fasciola encircling the caudal prolongation, PL 1, jig. 1, 2, 3 ; II, 9.

Like the corresponding fasciola of the Spatangidte, it crosses the third and the fifth

plate of the interradium 5, but, contrary to what is the universal rule in that group,

it traverses, not the sixth and certain following plates of the rows I a and V b, but

the fourth plate alone, which by itself fills the episternal angle. It thus marks off,

not the fifth, but the third plate of both rows as the hindmost of the ventrals. In

Pourtalesia laguncula, PL VI, jig. 38, it has the same position, which it probably

1) Études, pl. XIII, %. 113, 118; XXIX, 190; XXX, 193; XXXI, 196; XXXII, 199; XXXIV, 204;

XXXV, 207; XXXVI, 212; XXXVII, 217; XXXVIII, 221; XXXIX, 226; XLII, 231; XLIII, 234.
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maiiitains in the other species. According to Al. Agassiz it is indistinct in Spatago-

cystis, and absent in Echinocrepis. O Upon the nature of the fasciola no fresh light is

throAvn from its mode of existence in the Pourtalesia; it remains as obscure as

ever. The young of Abatus cavernosus, of 2,3 mm., Pl. XIV, fig. 164, already pos-

sesses the peripetalous fasciola, min ute knobs rather irregularly scattered conformably

to the elliptical outline of the test, and traversing the interradia and the trivium, but

not the bivium. In the young of Echinocardium fiavescens, of 1,7 mm., Pl. XV, fig.

173, the star-like heads of the rods of the spinules of both fasciola^ are very apparent,

sparse and easily counted, the peripetalous crossing the calycinal system, but not

touching the bivium, the ends of which it will traverse in the adult, causing, as

it seems, branchial leafiets to be replaced by simple tubular pedicels. Thus the fasciola

begins, along the greater part of its future course, with the development of solitary

spinules, which however are soon to become densely croAvded and equal, like the nap

of a velvet. In the course of its growthits position relatively to the underlying parts is

altered. In both the young specimens it does not cross the bivium, and in that

of Echinocardium fiavescens it traverses even the calycinal system. I have elsewhere

shown, after a careful comparison between a young, of 4,6 mm., and an adult Bris-

sopsis lyrifera, ^) that in both the fasciola^ traverse corresponding plates, and that the

movement becomes manifest solel}' from differences in the tracks of the former rela-

tively to the figure and dimension of the plate. Upon the whole therefore the

fasciola may be said to become, at an early age, all but stationary, but not absolutely

so, as there seems to reniain a small amount of i'eciprocal inobility. I once ventured to

show that the fasciola is a structural element independent of the skeletal systems, be-

longing neither to the ambulacra nor to the interradial areas, but on the contrary,

so to speak, dominating them in some manner. No trace of it is to be seen on the

inner surface of the plates, and nowhere does it occupy their interstices. It is entirely

external to them, forining by itself a layer outside that of the spines, growing amidst

these, amidst pedicellariaä and pedicels, removing as much of them as lies in its way,

and depositing in its stead its own band, incrusted with minnte tubercles bearing the

densely packed club-shaped spinules. Sometimes it allows the markings it thus covers

to remain discernible through its substance, as in a specimen of Agassizia scrobicu-

lata, ^) in which the fasciola, intact and entire, like some gauzy tissue, lets clearly per-

ceive the underlying tubercles, which are perfectly recognisable as to place and form

and relation to the free tubercles contiguous to its margin, and parts of which it even

covers. It is as thougli the fasciola, having caused the spine to dröp, had grown över

its tubercle. Sometimes also, as in specimens of Plagionotus pectoralis and Brissus

Scilla3, ^) the fasciola has split, and the underlying tubercles stånd forth in the cre-

vice, as though their spines had succeeded in resisting its subversive agression, and in

keeping the crevice open, in the one case aided no doubt by the presence of a pe-

dicel, which from its great nuiscular power Avas still more competent to check the ad-

vance of the spinules.

1) Rep. Chall. p. 141. -) Études, p. 62, pl. XXXVIl, fig. 213, 218. ') Ib., p. 62, pl. XIII, fig. 121.

*) Ib., pl. XIII, fig. 122, 123.
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The spines of Pourtalesia Jeffreysi are generally slender and sparse, but stronger

and crowded on the sternum and more particularly on the palatal vault of the buccal

vecess, Pl. ],fic/. 2; IV, 24. Within the scrobicular circle of the tubercle, Pl. V,fig.31,

rises the perforated mamelon surrounded by a »milled ring». The perforated condyle

of the spine, fig. 30, is encircled by an undulated ling answering to the milled ring of

the tubercle, and the whole surrounded by a wide, radiately waved brim, all these

parts being of a dense and glossy, partly homogeneous calcareous substance. Above

the brim,
fi.g.

32, an apparently confused mäss of compact meshy texture begins to

rise obconically, forining the thick basal part which ends above in »the collar». There

the slender calcareous fibrils of the meshes are seen, bending centrally, to unite, fig.

32, 33, into the regular string-like pillars that constitute the shaft, fig. 36; Pl. XIV,

fig. 171, joining one another all along by giving off, on either side and inwardly,

fig. 32, 34, 35, at regular intervals, the connecting processes that produce the well-

known radiated texture seen in transverse sections. This is, in general terms, the

structure of the spines in the Spatangids, and, in the main, of all the Echinoidea. In

the following it will be seen that an analogous disposition of the constituent parts is

met with in the rods which strengthen the filaments of the phyllodean, subanal and

sometimes the frontal pedicels, Pl. Vill, fig. 55, 56, 57, 60, 61, 62 and 64; Pl. XI,

fig. 121, 129, the basal circlet answering to »the collar», with the protruding näve

below, its meshes uniting above, to form the shaft which sometimes shows signs of

being composed of two or more string-like pillars rudely joined.

Like the fasciolte the spines stånd in no constant and fixed relation, with regard

to their growth and position, to the underlying ambnlacral plates. In my former

work, a series of figures is consecrated to the development of the frontal ambulacrum,

III, of Toxopneustes droebachensis ^). In a specimen of 3 mm., the first primary

tubercle in III a covers the suture of the primary plates 2 and 3, in III b those of

plates 2, 3, 4, and so it continues in somewhat larger specimens, gradually reduced,

till in a specimen of 11 mm., and before that size, it aborts or is shed in III a, as

later in III h. And in the same specimen the primary tubercle is seen to cover

more or less completely the sutures of each group of plates: 4—6, 7—10, 11—14 (15),

of III a, and 5— 7, 8—11, 12—16, of III h. In a Meoma venti"icosa ^), they are seen

to expand across the mesial suture of the interradia, in an Hemiaster expergitus ^) the

upper spines of the interradia 2 and 3 not only extend their bases partly över the terminals

of the ambulacra II and III, but even invade the calycinal system. Nothing, in fact,

is more easily observed than this independence of the radiolar system. Covered itself by

the fasciolar stratum, it overlies the ambulacra as well as the perisome. Its genesis,

the order and mode of appearance of its spines, their growth and decay, and their

slow change of position, are inviting subjects of research.

The pedicellarise, which now begin to be properly studied, are in these respects

as little known as the spines. On those of Pourtalesia I have nothing to add to

the descriptions given by Wyville Thomson and Al. Agassiz.

1) Études pl. XVII, fig. 140—147. 2) Ib., pl. XII, lig. 106. ^) Ib. pl. XI, fig. 93.
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III. THE AMBULACRAL SYSTEM.

The pevistome aiul the cesopliageal opening in tlie young of Echini aiul Spatangi. Tlie peculiar striic-

ture of these parts in Pouvtalesia. Tiie infra-frontal recess an incipient. bnccal cavity. The liivinm and it;s

abnormal structure. The sphericls; their vent.ral position in Pourtalesia. The pedicels; their various forms in

the Spatangidre ; the evolution of the phyllodean pedicels; the pores: peripodia. Pourtalesia homoeopodous; its

pedicels simple.

Like one and another of his predecessors Linn^us in some Spatangi overlooked

the front ambulacrum, and thus came to attribute to them only four ambulacra, an

error that was repeated by Lamarck, Cuvier, Blainville and others. In all Echi-

noids there are five ambulacra, or radii, the frontal one in many irregular forins diffei*-

ing more or less frora the rest, and sometimes being but faintly marked.

The young Echinoid, when on the point of assuming its final form, enveloped

in the larval raembraneous covering, which is closed all around and destitute of any

opening, oral or anal, for a while floats beneath the surface of the sea, until, having

begun to take food, it sinks, and commences the mode of life of the adult. A minute

Echinus^), Pl. XlX,jig. 232, 233, genus unknown, 0,<', mm. in diameter, astomous and

aproctic, presents a spheroidal form and a smooth, unbroken, richly pigmented

surface above as below, with the spines standing on tlieir tubercles, and, on the ven-

tral side, the primary pedicels över their pores. Within the envelope the final skele-

ton is forming, ten paired calcified laminte, the rudiments of the five ambulacra, each

giving passage, through a simple pore, to the circulatory apparatus on its way into the

tubes of the pedicels. Outward of these ten laminas five others are scen, answering to the

interstices between their pairs, and thus apparently representing the future inteiradia.

The five primary ambulacra here alone constitute the peristome, and the open space

enclosed within them is the future circular stoma. With this stage Johannes Mueller

first made us acquainted many years ago^). The act of opening outward of the ex-

tremities of the intestinal tube still remains to be observed.

In Abatus cavernosus, as in many cases where the young are abnormally reared

by the parent or kept within the maternal body, or else unde"r exceptional conditions^

the development is abridged'), and those phases are left out, in which, as in the great

majority of the Echinoidea, the young has to lead a free oceanic life, and to evolve

its future permanent structure under the protection of peculiar, transitory, perhaps

mimically diverting larval forms. As described above, the development of Abatus ends

with a stage analogous to that well-known in the Echinidaj, a resting stage, astomous

') Études p. 27, pl. XVII, fig. 149. -) .Iohannes Mueller, Metamorphose der Eohinodermen: I, Berl.

Abhandl. 1848, sep. p. 22, pl. VII; IV, ib. 18.52, sep. p. 22, pl. IX, fig. 3, 4; VII, ib. 1855, sep. p.

22, pl. VIII, fig. 9— 11. — KuoHN, Miillers Archiv, 1851, p. 351. — Al. Agassiz, Erabryology of Echino-

derms, Mem. Amer. Academy, IX, 1864, p. 1; Revision Echiu., p. 709, pl. IX, iig. 1; pl. X. — Brooks.

Handbook of Invertebrate Zoology, Boston, 1882, p. 99— 129, fig. 43—77. ^) Compare VVyville Thomson,

Voyage of the Challenger, II, p. 229.
A

K. St. Vet.-Akad. Hanm. Bd. 19. N:o 7.
^
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and aproctic, FL XIV, fig. 163—171. The stoma, inside the general envelope, is covered

över by the pentagonal buccal niembrane, fig. 165, in which a few crooked and branching

spicules indicate the future calcilied laminte, and this meinbrane, like the whole of the enve-

lope, is entire, the Oäsophageal end of the alimentary canal, still closed, touching it on the

inside, but not piercing it, fig. 167. This, however, is' soon to be done. Another young spe-

cimen of the same species, which I owe to the kindness of Mr John Murray of the Challen-

ger Expedition, a little larger than that

just described and slightly more advan-

ced, — the phyllodean pedicels just

begin to develop their filaraents, and

the spines to bend and faintly to indi-

cate the partings so characteristic of the

adult, — has the membrane of the stoma

pierced in its very centre by the oeso-

phageal opening just formed, the pressure

from "within causing it to protrude a

little, while the calcareous spicules, some-

what more numerous, tend to collect in

a circle all around. In both of these

young specimens of Abatus the peristome

is already constituted by five pairs of

ambulacral plates and five single inter-

i-adials.

The same is seen in the j^oung of

Echinocardium flavescens O. F. M., 1,7

mm. in length, having just acquii'ed the

final shape, Pl. XV, fig. 172—183. Altho,ugh smaller than the young of Abatus caver-

nosus, it is more developed, the alimentary canal being opened at both its extremities.

The test presents a pentagonal outline. The stoma is placed somewhat before the

middle, fig. 172, at the two fifths of the entire length, the periproct, fig. 173, at the

three fifths of the same. The pentagonal peristome ^) is composed of the five still

narrow ambulacra, forming its angles, and of the five broader interradia, constituting

its sides. The meshy tissue of the test is still rather transparent, and that of the.

ambulacral system more dense and compact, its meshes being markedly smaller and

less open than those of the interradial system. It raay also be seen, that each plate

of the first pair of ambulacrals, close within the peristome and on its internal surface,

sends out from its lateral margin on either side, across the adjoining interradium, a

somewhat tapering lamina of compact texture. Viewed from the outside by transpa-

rency, fig. 174., these laminaj seem to form five narrow uninterrupted ridges running

across the interradial areas parallel to the peristome, but seen from the inner side.

Hg. 183, they are löst midways under a thick mäss of calcareous meshes. These streng-

Periätome of a young specimen of Abatus cavernosus Phil.

') Compare Etiules p. 14, pl. III, fig. 32, 33—35; pl. V, fig. 46, 47.
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thening ridges are no longer observed in specimens but little larger, in which the peri-

stome has begun to cliange form, and are not to be recognised in mature specimens.

The nearly circular orilice of the alimentary canal has just opened in the centre of the

buccal membrane. In this there are deposited a nuraber of calcified laminaj, in three

concentric series, the outermost consisting of by far the largest, ten in number, placed two

and two against the interradia, while the median, sub-pentagonal series is composed

of about fifteen much smaller lamimc, and the innermost, encircling the opening, is

a chain of numerous minute particles of reticular tissue. This calcified incrustation

may possibly be found to pertain to the interradial system.

Thus, it is seen, in the true Echinids as in the Spatangi, at a very early age,

and at the time when the skeleton assumes its final form, the five ambulacra one and

all are constituent parts of the peristome, each by both the two plates of its rirst

pair. And in the adult this is the general rule, found to hold good everywhere in

the Avhole of hitherto known Echinoidea, without exception. Normally the first ambu-

lacrals alternate Avith the lirst interradials, which reach the peristome with two plates

pr with a single compound plate. But between the Dentiferous and the Edentate forms,

these last as far, at least, as \ve know them at present, there is this difference that, in the

former, the peristome, central and perfectly circular from the beginning, and divided

equally among the five ambulacra as likewise among the five interradia, remains so with

very little change during life, whereas in nearly all the Edentates it is at first sub-central

and pentagonal, but during growth is drawn forward, and becomes transverse and more

or less labiate. In the Spatangidae these changes are accompanied with very unequal

alterations in the constituent parts, by the enlargement of the trivious peristomals, in

a few cases to the exclusion of the interradials 1 and 4, or even 2 and 3, the bivious

ambulacrals retaining more or less their wedge-shaped outline; by the first interradial,

5, i, advancing and arching, so as to form a prominent labrum; and by the cesopha-

geal opening becoming, from an almost circular aperture, a transverse fissure. ^).

From this a single form alone among the Spatangidaa is an exception, the Palse-

ostoma mirabile Gray, PL XVI, Jic/. 184— 196.^). In all essential points it is a true

Prymnadete Spatangean, with an oviform bodj^, inflate posteriorly, the back being

raised behind the middle. The peristome is soraewhat anterior, at the four fifths of

the entire length, rather small, slightly sunk, regularly pentagonal and elabiate even

in the adult, being composed of five broad interradials of similar form, constituting

its sides, and five equal pairs of ambulacrals at its angles. On the inside, fig. 188, it

Is strengthened by a pentangular ridge running parallel to the margin, and correspon-

ding to that described above in the young of Echinocardium flavescens O. F. M., but

here observable, at least, in the half-grown animal. The pentangular stoma is filled,

not with a pliant membrane incrusted with calcified laminte, but with five flat, equal,

triangulär and contiguous valves, meeting together centrally, each of them composed

of an external basal part articulating with the corresponding interradial side of the

») ÉUides, p. 14, pl. III, fig. 32, 3.3—37; V, fig. 46, 47; VII, fig. 61, 67.

-) Ib. p, 16, 50: pl. XXXIl, fig. 197—199.
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peristorae, and made up of a thicker calcified tissue of coarser lueshes, and two narrow,

more iinely reticular, lateral, perhaps slightly movable pieces. ^)

When any of tliese various characteristics of the Echinoidean peristome is looked

for in Pourtalesia Jeffreysi, it at once becomes obvious, that the exceptional case of

Pala3ostoma no less than whatever there is in the others of conformity to a general

law, is set aside in the disposition of the corresponding parts of its skeleton. Its

peristome is altogether of a peculiar construction, Pl. Il, jig. 9; 111, 12 ; IV, 15—19.

Out of the five ambulacra one alone, the front ambulacrum, III, with its greater part

sharing in the singular incurvation of the whole region, partakes of its formation, the other

four are all excluded from it, and, while the front ambulacrum and the two lateral ones,

II and IV, each begin with a pair of plates, the two bivious ambulacra each commence
with a single plate only. Now it is known that, while in the Archseonomous Echinoidea

the peristomal plates generally maintain their entire breadth,^) in the Neonomous, and

more particulai'ly in the Spatangidai') they are more or less contracted adorally, especially

in the bivium, and more so in the young than in the adult. In Pourtalesia Jeffreysi

this feature is carried to an extreme. The front ambulacrum, III, enters the peristome

with its entire breadth, while the peristomal plates of the bivium and those of the

two paired ambulacra of the trivium, II and IV, are all diminished, cuneiform, nar-

rowing adorally almost to a point. The two pairs that belong to II and IV are very

small, half the size of the single ones of the bivious ambulacra, I and V, and alLthese

six plates together have their adoral contracted portions bent över abruptly, at an

acute angle, into the hollow of the infra-frontal niche, at the bottom of its ventral

sinus, thus forming there a keen edge, strengthened inside by strong partitions, /ig-. 17,

reminding of the trabeculse of the Clypeastridae. In consequence of this incurvation,

while the greater part of their surfaces is visible in the ventral aspect, fig. 2, 15, their

adoral terminations are not visible, unless their portion of the test be cut out, and

placed with its inside toAvard the observer, jig. 16. Then it may be seen, although not

without some difficulty, that the narrowirig terminations of the two single first plates

of the two bivious ambulacra, I and V, as well as the plates II a i and IV b 1, of

the two paired trivious ambulacra, do not reach the margin of the peristome, but are

excluded from it by a single mesial subtriangular plate, 5, which is the labrum, and,

as such, belongs to the interradial system, while the terminations of II 5 i and IV

a 1 are not even visible in that position, being situated on the curvatui^e itself and

thereby concealed. Thus, in this extraordinary Echinoid, the front ambulacrum, III^

') See S. LovÉN; Om Leskia mirabilis Gray, Öfversigt af K. Vetenskaps-Akademiens Förhaudlingar, 1867,

p. 431. In that paper I regarded the five-valved coveriiig of the stoma of Palieostoma as homologous to the

»pyramid» of Echinosphfera and Sphferonis. I soon afterwards perceived that this was an error, as LiJTKEN

clearly set forth in his memoiv : Endnii ett par ord om de gamle Söliliers «Snabcl» og Mnnd, Videnskablige

Meddelelser fra den Naturhistoriske Förening i Kjöbenhavn, 1869, 160; Geological Magazine, V, 179; Cauadiaii

Naturalist, new series, III, 437.

2) Études, pl. X, iig. 84, 86, 89, 91; pl. XVII, iig. 140—148; pl. XVIII, iig. 153—158; pl. XIX, fig.

165; pl. XX, fig, 166.

ä) Études, pl. III, fig. 32—35, 39; pl. IV, tig. 41—43; pl. V, fig. 46-48, 51, 54; pl. VI, fig. 55,

58—60; pl. VII, fig. 61—64, 66, 67; pl. XXII—XLIII.
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alone maintains its normal share in the coraposition of the peristome, while the two

paired trivious ambulacra, diminished in size, and the bivious ambulacra, reduced to

single plates only, ai'e all excluded from it, and so closely pressed togethei* on its

under side, as to occupy, all taken together, considerably less space than the front

ambulacrum alone on the upper. The space intervening between the minute inter-

radial 5, 1, and the large ambulacrals III a 1 and III h i, is filled by the interradials

1 h 1 and 3 a i, Pl. II, jig. 9; III, 12; IV, 18, 19, and, as these last are very high,

the stoma assumes an elliptical form, unseen among the rest of the Echinoidea. P^or, if

in Anancites and its allies the labrum is but slightly developed, and even less so in

Collyrites whose stoma is longitudinally sub-elliptical, the constituents of the pei'i-

stoma are nevertheless normal everywhere. In Pourtalesia Jeffreysi, on the contrary,

it has been seen that they are: ambulacrum III, interradials 2 b 1 and 3 a 1, and in-

terradial 5, while the ambulacrals I, II, IV, V, interradials 1 a 1 and 3 h 1, and inter-

radials 1 and 4 are excluded. The plane of the peristoma thus composed is nearly verti-

cal, and perpendicular to that of the longitudinal axis of the body, or somewhat over-

hanging into the peritoneal cavity; it is not, as in the Spatangidse in general, all but coin-

cident with the stomato-proctic axis, but, as in the Endocyclic forms, though in an

opposite nianner, perpendicular to that also. In one of the specimens the two plates

1 of the ambulacrum III, and the interradials 2 b 1 and 3 a 1, in a part of their

margins are dissolved into an assemblage of minute rounded laminse, Jig. 19, 20, but

in two other specimens they are entire.

The buccal membrane, PL IV, jig. 20, is destitute of calcified deposits. In its middle

is seen the oesophageal opening, an oblong slit, with naked, rather tumid and coarsely

wrinkled margins. Its direction is that of the vertical longitudinal plane of the body, per-

pendicular to the direction of the transverse fissure in the great majority of the Spatangida3.

This description of the peristome and adjoining parts in Pourtalesia Jeffreysi

applies upon the whole equally to the same parts in the other species of the group;

the difierences presented by the ambulacra I, V, II, IV, will be taken up hereafter.

The species all agree in the important points resulting in that most striking feature,

the deep anterior recess. There can be no doubt that the elliptical frame surround-

ing the stoma in the Pourtalesiadte, widely different though it be in its composition,

is strictly homologous to the peristome in all the other Echinoidea, and, no less so,

that the vertically placed membrane with its longitudinal slit is homologous to the

horizontally stretched membrane in the Dentifera and Edentata, with the rounded or

transverse orifice of the alimentary canal. But the peculiar strncture of these parts

in the Pourtalesiadae is such as to call forth the idea, that what is going on here may
be looked upon as the first move, so to speak, towards forming a rudimental mouth,

a cavuiii ovis, the iuvaginated parts of which, if they were flexible and provided wqth

muscles, might be protruded like a proboscis, which, owing to the great size

of the frontal ambulacrals and interradials, would be directed downwards and back-

wards. As it is, its rigid and motionless lips are indicated by the line of in-

curvation all around its entrance, its palate, sit venia verbo, Pl. Ill, Hg. 10,

12; IV, 18, 19; VI, 45, is made up of the large and unreduced bi-seriate plates of
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The imaginary rostrum

invaginated protniding.

the ambulacrum III, while its sides are constituted

by the interradia 2 and 3, inferiorly mecting to

the right and left of the shortened and com-

pressed intra-labial space, and its innerraost

portion, together with the elliptical membrans,

Pl. 111, fig. 12; IV, 18, 19, 20, may repre-

sent a pharynx, the slit being the oesophageal

opening. The vaulted palate is armed with spi-

nes, stronger and more closely packed thaii any-

where, FL IV, fig. 24, and the site, no doubt,

of a powerful ciliary activity, and outside the

under lip are seen the spherids in pairs or in

dusters, Pl. IV, fig. 15; VI, fig. 40, 41, 44;

VII, fig. 47, 48, 49, 50. Just as in another

part of the skeleton of certain Pourtalesiadae, as has been suggested above, a movement
is introduced in the perisomatic system, directed towards an annulose conforma-

tion of the body, thus here also, in the peristome and surrouiidings, a ten-

dency seems to be exhibited towards a vermiform constitution. This tendency, to be

generally surmised already, in the Tertiary and recent Spatangida3, from the inci-easing

length and flatness of their test, the stomato-proctic axis approaching to horizontality,

fi-om the reclining dix-ection of the slender spines, and the forward movement of the peri-

stome, appears heightened, in another and peculiar manner. in the Pourtalesiadai by the

anterior part of the body being definitely marked out by the terminal mouth-like re-

cess, and b}' a more strongly displayed differentiatioii of the upper dorsal side of the

skeleton from the under, ventral side. In the Spatangida^ the frontal phyllode is still

in part ventral, and touches the ground in which the animal is living; in the Pour-

talesiadaa it is elevated on the tops of the erect interradials 2 and 3, and thus brought

to roof dorsally the rudimentary mouth, therein strongly contrasting with the other

four phyllodes, which all of them are ventral, and employed in forming its ground-

floor and lower external surface.

In all the known forras of the Echinoidea, Archaäonomous and Neonomous, each am-

bulacrum, from its beginning in the peristome to its termination, is bi-seriate, that is

presents an uninterrupted succession of plates, almost invariably arranged throughout

in two alternate rows. When the ambulacra of Pourtalesia Jeffreysi are examined in

this respect, they are found to differ more widely than those of any other Echinoid,

even the most specialised among Piymnodesmiic Spatangidse.

The front ambulacrum, III, normal in its peristomal origin, continues so throughout

to its termination, Pl. II, fig. 9. It is shorter than any of the other four ambulacra.

It consists of thirteen to fifteen pairs of plates, out of which the second is somewhat

broader than the first, and the following eight or nine slowly diminish in breadth, the

terminal three to tive suddenly becoming very minute. The first tive pairs form the

roof of the frontal niche, or buccal cavity, Pl. III,
fig. 10, 12, the sixth, seventh,
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eighth and ninth curve upwards, and constitute with the last five or six the mesial,

moderately impressed part of the blunted front, the small terminal plates closing

with the calycinal sj^stem just on reaching the dorsal surface.

The two paired ainbulacra of the trivium, II and IV, Pl. II, jig. 9; I, 1, 2, 3;

III, 10, 11, are somewhat larger than the front one. They are slightly curving for-

ward symmetrically, broad in the middle and suddenly contracted at their summits.

In the described specimen the number of plates is about fourteen in each. The first

two are, as above stated, small and wedge-shaped, the second pairs suddenly expand,

and still more so the foUowing pairs, each ambulacrum attaining its greatest breadth

before reaching half the height of the test, after which it slowly decreases, the plates

of the posterior row in each, the II a and IV b, surpassing throughout those of the

anterior, and both nearly preserving the hexagonal form. The thirteenth and four-

teenth pairs suddenly contract, and become very minute, when joining the calycinal

system.

Thus the trivious ambulacra, from their beginnings in or near the peristome,

conformably to the general rule, present throughout their whole length a continuous

double row of plates, and their summits attain the calycinal system. In the bivium

all this is difterent.

As above stated, the ventral surface, Pl. I, jig. 2, 8 ; II, 9 ; IV, 15, presents an-

teriorly two contiguoiis elongated plates, I, 1, V, 1, one on each side of the mesial

line, having the terminal portions of their gradually narrowing adoral halves bent över

into the infra-frontal niche, PL IV, jig. 16. Their anomalous form and their contiguity

to the first plates of II a and IV b combine to make it more than uncertain how to

distribute correctly, to their respective ambulacra, all these six closely joining plates,

from external inspection alone. But their relations at once become obvious, when they

are examined from the peritoneal cavity, after the test has been cut open longitudi-

nally, Pl. III, jig. 10, 11: IV, 18, 19. In the whole of the Echinoideathe neural collar,

at each of its five angles, sends off a cord that follows the mesial line of each ambu-

lacrum on its inner surface, and gives ofF alternate branches which enter the pedi-

cellar pores, and come out again on the outside of the test, tliere to distribute them-

selves among the different external organs/). The neural collar and the main nerve-

cords are closely accompanied by the circular vessel and the great trunks of the

aquiferous system, outside emerging along with them from out of the pores, and entering

the tubes of the pedicels. When the test of Pourtalesia Jeffreysi is laid open, and the

recess is examined on its peritoneal surface, Pl. III, jig. 10, 11; IV, 18, 19, it is seen

that here also the neural collar and the circular aquiferous vessel respectively send

out their five inain branches, one for each ambulacrum. Of these an odd one runs

along the mesial suture of the vaulted front ambulacrum, III, on the top of its roof,

and ascends to the calycinal system, giving off, on every plate, a branch to its pore,

but two on the plate III b 1, fig. 10, 18, 19. The two paired ambulacra II and IV also

each receive two main trunks, one neural, one aquiferous, giving off branches to the

1) Études, p. 8, pl. II, fig. 28—31.



32 S. LOVEN, ON POURTALESIA, A GENUS OF ECHINOTDEA.

pores of the plates II a 1, II a 2, etc. and II h 1, II b 2, etc, on the right side,

as also, on the left, to those of the plates IV b 1, IV b 2, IV b 3, etc, and IV a 1,

IV a 5 etc. And from these beginnings the main trunks ave seen to einit regularly

alternate branches to the ambulacral pores, Pl. Ill, fig. 10, 11. It follows from this

that these plates were rightly referred, from the outside aspect, to the ambulacra II

and IV, as true peristomal plates, although excluded from their legitimate position.

Lastly, the neural collar and the circular vessel each give ofi' two main branches

directed backward and slowly diverging, Pl. IV, fig. 18, 19; III, 10. Just on their

leaviug the collar, a first branchlet descends from each of them to the pedicellar pore

of one of the two single contiguous plates V and I, fig. 18, V, 1, I, /; fig. 1,9, V, 1,

thereby rendering it manifest that these plates are in reality what they were pro-

nounced to be from without, the reduced and displaced peristomal plates of the

bivium. V, 1 and I, 1. But when the further continuation from thence of the bivious

ambulacra is looked for from Avithout, Pl. 1, fig. 2, the sequence of their plates is

found to be broken by the interposition of four longitudinal plates of considerable

size evidently not ambulacral, the less so, as none of them presents] any trace of a pedi-

cellar pore. They belong, as shown above, to the perisome,being the \bl,\b2 + 3 and

4 a i, 4 a 2, of the interradial system. Viewed from the peritoneal cavity, Pl. III,

fig. 10, these same plates are seen to be spanned by the two trunks which, after their

first branchlets, do not give off a second till reaching, on the farther side, two

pairs of plates, contiguous in the mesial line, 1 a 2, I b 2, Y b 2, Y a 2. Thei"e

again a branchlet is seen to proceed from each trunk, the first for the inner of

the two plates: I a 2, Y b 2, the second for the outer ones: I b 2, Y a 2, and so

on alternately and continuously to the summit of the ambulacrum, Pl. III, fig.

II, 14. In Poui"talesia Jeffreysi, therefore, not only the first plates of the bivium

are single, not double, but they are, moreover, widely separated from the next in

ordei', and the two ambulacra begin, as it were, anew, at about the posterior half of

the body, each with the regular double alternate series of plates. But there, as where

they commenced withthe two first single plates I, 1 and V, /, the two ambulacra are again

contiguous in the mesial line, the \ a 2 and Y b 2 touching each other by their fore-

pai'ts for more than the anterior half of their inner margins, thereby excluding the

interradials 1 and 4 from the posterior interradium 5. After that their hind portions

separate, bending right and left, to give place to the sternum, Pl. I, fig. 2; II., 9;

III, 10. The I b 2 and V a 2 are shorter, less irregular, but sub-pentagonal, slightly

curved, and someAvhat broader in front. Of the third pair the 1 a 3 and Y b 3 are

elongated, irregulai"ly hexagonal and contiguous to the sternum and to the forepart of

the episternum, while the I b 3 and Y a 3 are broader, but much shorter, thus

allowing the ambulacrum to bend upward at a right angle, Pl. I, fig. 3. Hence the

fourth pairs lie at the basis of the ascending portions of the bivium. The I a 4 and

Y b 4 are hexagonal, Avith their hind-portions Avidening and extending beyond the

posterior limits of the ambulacrum, so as to börder inwardly upon the episternum 5

b 3 and 5 a 3, then to fill out on either side the episternal angle, and to join the

whole length of the first pre-anals 5 b 4, 5 a 4, and the greater part of the second,
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b b 5, b a 5. Being thus disposed, the I a 4 and Y b 4 are traversed by the subanal

fasciola, and thereby brought alone to correspond to the group of ' from' two to

six or more ambulacral plates of I a and V b, from the sixth onwards, which, in the

Pryranodesmic Spatangidse, are prolonged and salient inwards, so as to fill, within the

subanal fasciola, the reentering episternal angle, and to determine the upward flexure of

these ambulacra, and which, by marking off, throughout, as ventral, the foregoing plates

and limiting their number everywhere to five, constitute a prominent and most signi-

ficant feature ^).

The ambulacrals 1 b 4 and V a 4 of Pourtalesia Jeffreysi nearly equal in size

these just described, and are more regularly hexagonal. In the two succeeding pairs,

the fifth and sixth, the plates of I a and V b are shortened, to give place to the cir-

cum-anal region of the odd interradiura, while the fifth plates of I 6 and V n are

narrowed anteriorly in connexion with the curvature of the ambulacrum. From the

seventh, and onward, the following pairs have their plates nearly equal, only those of

the posterior rows slightly smaller, distinctly hexagonal, and slowly diminishing in size.

In the specimen described the fourteenth pairs are terminal.

Accoi^ding to an almost universal rule, the ambulacra of the bivium ought to

ascend so as dorsally to join the calycinal system. From this the Collyritidae, of Ooli-

tic existence, make the sole exception hithei^to known, having their calycinal system

dismembered by the interjacence on either side of the unreduced interradia 1 and 4,

which sever from it the radial pieces I and V, and leave them in connexion with the

respective ambulacra. And from their erect position and convergence it follows that

their tops, with these radials, are brought in close contact, or so near each other, as to

be separated only by a iiarrow plate, which is one of a row of slender, longitudinal,

irregularly arranged plates stretching from the periproct to the calycinal system. At

a first giance this structure seems to be revived in Pourtalesia Jeffreysi, but on closer

inspection notable differences become apparent, Pl. I, jig. 1, 3 ; III, ftg. 11. The bi-

vium, far from having a vertical position, leaning backwards, so as to overhang the

postern slope, as in Collyrites, stretches forward longitudinally, and converges but

slightly, the two ambulacra being separated all along by the odd interradium 5, a pair

of whose plates intervenes between their summits, while the lateral interradia 1 and 4,

in joining from either side, combined with elements of the odd interradium, 5, keep

them widely apart from the calycinal system. Their summits, a pair of moderately

sized plates, not abruptly diminished as in the trivium, are situated at about the fore-

most third of the whole length of the test. Of radial (»ocular») pieces not a trace

is seen.

From all this it follows that two of the fundamental and universal characteristics

of the Echinoidean ambulacra, their joint participation in the formation of the peri-

stome, and the uninterrupted sequence of their plates, are set aside in Pourtalesia.

') Etudes, p. 15, pl. XXXII, fig. 200,—XLII, fig. 232,

K. Sv. Vet. Akad. Handl. Band 19. N:o 7.
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The tliird, no less essential characteristic, the disposition of the ten ambulacral

rows, not in conformity with the bilateral arrangement of the ambulacral system, but

referable to an axis other than its actual antero-posterior one, is even as fully discard-

ed in Pourtalesia. This disposition is most plainly seen in the Spatangidte. It is as

follows '). If a Spatangean of any genus or species is held in supination, that, is with

the ventral surface upwards, and with the odd interradium backwards, and if the ten am-
bulacral plates of the peristome are then counted from left to right, — that is, from

the right side of the animal to its left, — beginning with the ambulacrum of the

bivium marked I; if, at the same time, in each of the ambulacra: I, II, III, IV, V,

thus gone över, the row of plates tirst touched is marked a, the second b, it wiJl be

found, that the peristomal plates I a, II a, III b, IV a, V b, are the larger ones, and

provided with two pedicellar pores, i. e. they are binary, bi-porous, while the peristo-

mal plates I b, II b, III a, IV b, V a, are smaller, and each provided with only one

pedicellar pore, i. e. are simple, uniporous. The identical disposition of these same

plates is found in the Echinoneidte, Cassidulidaä, Holastridaä, that is in all the Eden-

tates. In the Dentiferous Echinoids the same law is maintained, though differently

expressed. Among the Echinoconida; ^) it is manifested by the peristomal plates I ö,

II a, III b, IV a, V 6, binary in the genus Echinoconus, being always larger, and succeed-

ed everywhere by a single plate, placed between each of them and the first triad, while

the peristomals I b, II b, III a, IV b, V a, are smaller, and directly contiguous to the

tirst triad. In the Echinida3^) its existence is obvious, and the same formula holds

true, masked though it be by the seemingly radiate disposition of the parts. Out of

the ten peristomal plates, all of them composite, the I a, II a, III b, IV a, V b, are

larger than the I b, II b, III a, IV h, V n. All Echinidas possess, on their buccal

raembrane, tive pairs of ininute free plates, each plate bearing, in the adult, a pedi-

cellar pore. In the very young Toxopneustes dra?bachensis, only two millimeters in

diameter*), out of these ten plates, those tive which correspond to the ambulacral rows

I a, II a, III b, IV a, V b, are larger, but still for a time are without pores, Avhile

the five other plates, that answer to the ambulacral rows I b, II b, III a, IV b, V a,

though smaller, already have received theirs. In the Cidaridas"), bi other respects so

widely different from the EchinidnB, out of the ten ambulacral plates surrounding the

oesophageal opening, those five that belong to the rows I a, II a, III b, IV a, V b,

exceed in size the other five that appertain to the rows I 5, II h, III a, IV b, V a,

while the plates of these last-named rows are, all around, the first to detach them-

selves from the margin of the corona, which is thus continually broken up and renew-

ed. Finally, in the Glypeastrida^ ''), the last arrived, in which many a primeval fea-

ture is vanishing or even effaced, the peristomal plates of the rows I a, II a, III b,

IV a, V 6, are distinguished by their superior size from those of the rows I b, II 6)

III a, IV b, V a, the dilference, however, in a few cases having become very slight.

Thus, it is seen, in whatever group of the Echinoidea the structure of the ambu-

lacra is examined, out of the ten plates composing the peristome, the five: I a, II a,

1) Étutles, p. 13-39, pl. III—IX, XIV, XVII—XX, XXII—LII. -) Ib., p. 20. pl. XIV. 3) Ib., p. 20, pl.

XVII, XVIII. *) Ib., p. 27, pl. XVII, fig. 148. 5) jb., p. 28., pl. XX. *") Ib. p. 32., pl. XLIV—LII.
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III b, IV a, v 6, ahvays difier in a mai'kecl inaniier from tlie othei- five: I b, II b,

III a, IV 6, V a, be it in size, in outline, or in the number of their pedicellar pores,

and the two sets follow each other, all avound the stoma, everywhere in the same

order. And this invariably recurring biformity of the ambulacra in their peristomal

beginnings, of a never failing validity throngh the Avhole of the Echinoidea, recent and

extinct, that have been examined on this point, is also more or less distinctly recognis-

able all through the entire length of each ambulacrum, and more so in the older

types, in which the seemingly radiate disposition of the parts is predominant, than

in those of a låter date. In Cidaris the plates of the rows I b, II 6, III a, IV b, V a,

in every ambulacrum are in advance of those of the rows I a, II a, III h, IV a, V b^

by an entire plate or half a one^), and in the very young and minute Toxopneustes

drcebachensis, the seventh plate is begun in each of the rows I 6 ... V a, while there

are yet only six in each of the rows I a . . .Y b'). But in the types of låter appearance,

the Neonomous, m which the radiate form largely makes way for a decidedly

bilateral disposition, as in the Cassidiilidas, CollyritidEe, Holastridae, Spatangidse, the ten-

dency towards a gradually more and more decided syminetr}' in external outline be-

tween the two lateral ambulacra of the trivium, II and IV, and between the two bi-

vious, I and V, seems to invalidate the biformity of their composition, and leave it in

full force solely in the peristome. There it, therefore, continues from the antique

Cidaridaj till it all but vanishes in the Clypeastrida^, of Tertiary origin, always suggesting,

in a manner not yet understood, the previous existence of a skeletal axis diverging

from the actual antero-posterior one, being at an angle with it, and dividing length-

wise the ambulacrum IV and the opposite interradium. If iive homologous points in

I a, II a, III b, IV a, V b, are connected by straight lines, and also homologous

points in I b, II b, III a, IV b, V a, two irregular pentagons are inscribed within the

peristome, disposed in sueh a manner that each of them is divided by this axis, ccco,

into two parts, one trapezoid and the other pentagonular, the areas of which are equal;

and that, if one of them is made to revolve half a circle on the axis «a), it covers

the space left by the other').

It results from the ai'rangement thus detailed, that the two bivious ambulacra are

symmetrical towards one another with regard to the disposition of their constituent

elements. Within the trivium the front ambulacrum, III, in so far has a medial cha-

racter, as by its peristomals it is symmetrical on one side towards the ambulacrum II,

on the other towards the ambulacrum IV. But these latter, the two lateral ambulacra

of the trivium, are, Avith regard to the disposition of their elements, unsymmetrical

towards each other, thus testifying to the inherent obliquity of the Echinoidean ambu-
lacral system. In both the principal types of the Echinoidea, however, this obliquity is

outwardly concealed: in the Archajonoinous, the dentiferous forms, Cidaridae and Echi-

nidse, by the apparently quite circular and radiate arrangement of the skeletal systems,

the central position of the mouth, and the verticality of the stomato-proctic axis, all

correlatively bound up with one another and rigidly maintained; in the låter, the

') Ktudes, p. 30. 2) ib.^ p. 21, pl. XVII, Hg. 140. •*) Ib., p. 37, pl. XVII, fi^, 140.
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Edentate forms, — contrasting with the former in the pliancy they manifest duringtheirsuc-

cessive appearances and vanishings, — by their progressively developed bilaterality, by the

variously inclined, or even horizontal stomato-proctic axis, and by the symmetry, in

general outline, between the two paired ambulacra of the trivium, as well as between

the two of the bivium.

When Pourtalesia Jeffreysi is examined on this point, Pl. Il, Jig. 9; 1 V, 15, 16,

it is found at once that the two paired ambulacra of the bivium are S3'mmetrical toAvards

each other in their general outlines. This is manifested, as regards the two single

plates with which the ambulacra I and V begin, I 1 and V 1, no less by their out-

lines than by the condition of their pores. They are therefore in complete accordance

with the general rule. But, contrar}' to that same rule, the two ambulaci'a of the

trivium, II and IV, also present this same symmetry in the disposition of their com-

ponent elements. The plates II a i and IV h 1 are evidently counterparts, and so are

Il b 1 and IV a 1, in size, form, number and character of their pedicellar pores. And
yet, according to the law pervading the whole of the Echinoidea, those same plates ought

to differ in these respects, belonging, as they do, to different series: II a i and IV a 7

to the series I a ... V 6, and W h 1 and W h 1 to the series I 6 ... V a. This is

an essential and iraportant anomaly. It is also very remarkable that, in presence of

so profound a transformation, the front ambulacrum, III, alone remains intact, pre-

senting the normal external form and internal composition, together with the legiti-

mate condition of the pedicellar pores, bearing a single pore on its smaller peristomal

plate, III a 1, and two on the larger plate, III b 1. While, in all the rest of the Echi-

noidea, the composition of the peristome is expressed by the common formula:
I a, II «., III b, IV a, V b: lar2;e, biporous;

I b, II b, III a, IV b, V a: small, uniporous,

in Pourtalesia Jeffreysi the peristomal series, if arranged according to the size of the

plates, would be:

I, II b, III b, IV a, V: large;

I, II a, III a, IV b. V: small;

and the different size of the paired trivious ambulacrals has no relation to the num-

ber or character of the pores. The seven plates: I, II a, II b, III a, IV a, IV b, V,

are all uniporous, III b alone is biporous. It is evident, therefore, that the obli-

quity hitherto found inherent, everywhere and without exception, to the constitution

of the ambulaci^al system of the Echinoidea, is evanescent in that of Pourtalesia Jeff-

reysi, its paired radii II and IV, I and V having their elements disposed solely with

relation to the antero-posterior axis of the body, and not to a subordinate deviating

axis cco}, as in all other Echinoidea. The elsewhere all-pervading obliquity is on

the point of disappearing, but a trace of it is still left in the front radius, III,

which has, as normal, its a plate uniporous, and its b plate biporous.

NoAV, bearing in mind the unvarying constancy of the ambulacral characteristics

in all the numerous genera and species so highly diversified in other respects, with

which we are familiar, it seems that we might be alloAved to expect their contrasts, so

strikingly set forth in Pourtalesia Jeffreysi, to possess an equally pervading validity

as characteristic of the entire genus and its allies. But a careful examination of the
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specimens sent me by Sii' Wyville Thomson, fragmentary as they are, has taught me
that, to a great extent at least, this is not the case. Ah^eady in Pourtalesia laguncula

Al. Ag., PL VI, Jig. 37—41, some important difFerences present themselves. The front

ambulacrum, III, retains its normal structure. The two paired ambulacra of the tri-

vium, II and IV, are very like those in Pourtalesia Jeftreysi, the two first plates of

the iirst pair being minute and wedge-shaped, and each provided with a single pore

the second pair M a 2, Ii b 2 and IV^ a 2, IV b 2, suddenly expanding, so as also to

join the aboral margins of I 6 i and I a 1, and Y a 1 and V b 1. Both ambulacra

continue very broad, until, dorsally, they contract rather suddenly, ending at the caly-

cinal system with a minute terminal plate, Pl. VII, fig 52. Thus in this species, as

in Pourtalesia Jeffreysi, the trivious ambulacra present throughout their whole exten-

sion a continuous sequence of plates, and their summits attain the calycinal system.

In the biviuni all this is otherwise, yet nearly in the same manner as in Pourtalesia

Jeffreysi. Whereas in that species the pairs of plates \ a 1 and I 6 i, as also Y a 1

and V b 1, have respectively coalesced into a simple compound plate, I, V, on either

side of the middle line, the same plates are separate in Pourtalesia laguncula, /ig.

37—40, the joint outline, presented by each pair, corresponding with that of the single

plate in Pourtalesia Jeffreysi. But while, in this latter species, the single compound
plate is provided with one pore only, in the former the two: I a 1 and I 6 i, as also V
a 1 and Y b 1, each of them retains its pore, that of I a as well as that of V 6 being single,

not double, as they ought to be. While in Pourtalesia Jeffreysi the I 1 and V 1 are

contiguous along the middle line, they are separated in Pourtalesia laguncula by the

wedge-shaped interradial 5 /, permitting them to come near each other at the very

bend only of the ventral margin of the niche, but driving them asunder by its trian-

gulär aboral expansion. In the same manner as in Pourtalesia Jeffreysi, these I a, b 1

and Y b, a 1 are Avidely separated from \ a, b 2 and V b, a 2, by the interposition of

the interradia 1 and 4; and the \ a 2 and V b 2, contiguous in their adoral half,

so as to exclude these interradials from the interradial 5 2, the sternum, then bend

right and left, to give room to that plate, and to the episternum, 5 a and b 3. The dispo-

sition of these plates thus very much resembles that seen in Pourtalesia Jeffreysi,

the \ a i and Y b 4 being traversed by the fasciola. In like manner, on the dor-

sal surface, Pl. VII, jig. 52, the bivious ambulacra are separated from one another

bjf the odd interradium 5, nor do they join the calycinal system, being kept widely

apart from it b}^ the interradia 1 and 4, meeting from either side. They terminate

with small, and rather sudderdy dirninished plates.

In Pourtalesia ceratopyga Al. Ag., Pl. VII, Jig. 48—50, the disposition of the

hrst plates of the ambulacra I and V appears to be identical with that in Pourtalesia

laguncula, the labrum 5, 1 separating I a and V b. Each plate also has only a single

pore, but the row of the eight pores is not visible from the ventral aspect, as they

are placed on the flattened margin of the incurvation, Z^-.
49. The mode of connexion

of the labrum with the rest of the interradial system could not be made out, the spe-

cimen unfortunately being broken at the critical point. But, as stated above, there exists

a decided peculiarity in the condition of the interradials 1 and 4, of which, on either
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side, a narrow plate, 1 and 4, is seen keeping apart the IV from the V, and the II from the

I,
fi.g.

48, and this plate oii the left side is pushed forward so as to approach the flexure

and to compress and reduce the IV h 1 ; on the right side it keeps farther back, and the

II a y is fully developed.

Echinocrepis cnneata Al. Ag., Pl. VII, fi.g. 53, repeats the mode of disposition

of Pourtalesia ceratopyga, the interradial 5, 1 separating the two bivious ainbulacra,

the interradials 1 1 and 4 1 being placed between I and II and between V and IV, and all

the four aiubulacral plates on either side being uniporous.

Pourtalesia carinata Al. Ag., PL VI, Jig. 42—46; VII, 47, presents the same

arrangement, a small and narrow interradial plate intervening on either side between

the first pair of 1 and that of II, as also between the a, h 1 oi Y and of IV. Here also,

as in Pourtalesia laguricula and Pourtalesia ceratopyga, but unlike Pourtalesia Jeffreysi,

the I and V each commence with two plates, and the I a and V b are biporous, as accor-

ding to rnle. But, what is more, it is plainly shown in the fragment examined, that

the 5 of V is not separated from its plate 1 by the intervenience of the interradials 4,

but really contiguous to it, fig. 42, 46, part of the interradial 4, 2 coming into view

between V a and IV 6. It cannot be doubted that the like might be seen on the right

side, if the specimen were entire. This diversity is of great moment. The plates I a,

II a. III b, IV a, V b are biporous, while the I b, II b, III a, IV 6, V a are uniporous,

Avhich is in eomplete accordance with the general rule. If I have succeeded in foUowing

rightly the very indistinct continuation of the plates beyond the curvature, the labrura,

ö 1, ought to be extended to the peristome, having all along on either side the I <i

and V b, while of I b and V a the pointed terminations alone are to be seen just

inside the margin of the niche, and still less of II a and IV b, the II b and IV a end-

ing in the very bend, so that no trace of them is visible inside.

From all this it appears that the old order, reigning amoug the ambulacral plates

of the peristome and their pedicellar pores, is not all at once abandoned by the Pour-

talesiadaä. It is exchanged for a new order only revei-sibly and, so to speak, hesitatingly.

Pourtalesia carinata retains unaltered the otherwise universal Echinoidean formula:

I a, II a, III b, IV a, V b: biporous;

I b, II b, III a, IV b, V o; uniporous,

while Pourtalesia Jeffreysi, Pourtalesia laguncula, Pourtalesia ceratopyga, and Echino-

crepis cuneata, all present a singie pore only in each of the peristomal plates I, II, IV,

V, which thus, in that i-espect, become symmetrical on either side of the labrum, the

III alone remaining as of old. In none of the five species examined are all the inter-

radials admitted into the peristome. In four of them the labrum, of considerable

size, intervenes between I and V, and in three of these the interradials 1 and 4 tend

to separate the I from the II, and the V from the IV. In one species alone, Pourta-

lesia Jeffreysi, the labrum, 5 1, is greatly reduced, and the I and V close with one

another behind it, so as to exclude it completely from the rest of the perisomal system.

All this recalls in a cei'tain degree what is seen among the Clypeastridte, another type

of late appearance. In these ^), of the peristomal ambulacrals none are biporous, all

1) Études p. 32, pl. XLIV—LII.
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the ten being uniporous, and much alike in the disposition of their pores, and the peri-

stomal formula is sustained, in the greater number of genera at least, solely by the

superior size of the first plates of I a, II a, III b, IV a, V b, or, more distinctly, of

the corresponding second plates, one genus, however, Ai"achnoides, being exceptional

even on that point. The relations between arnbulacrals and interradials are also va-

rious, the latter preserving their series uninterrupted in Echinocyamus and Laganum^),

while in Encope and Clypeaster, Echinarachnius and Arachnoides Zelandiae ^), the first

plate of all is alone adinitted into the peristome, as is also in Mellita and Rotula ^) the

tirst plate of 1, 2, 3, 4, Avhile the interradium 5 remains entire, whereas in the adult

Arachnoides placenta*) all are excluded, the 5, 1 alone appearing in the vicinity of

the peristome.

I have given the insignificant name of Sphseridia"), Spherids, to certain sense or-

gans, of function as yet obscure, present in all forms of the Echinoidea, the Cidaridse,

and perhaps Echinothuriadaj, excepted. They are very minute, calcareous, generally glo-

bular or pyriform, pedunculated bodies, articulated to little knobs of the test, and com-

posed, like the spines, of an axial reticular tissue, and external compact layers of

transparent glossy substance, and covered with a thin connective tissue, an epithel and

a ciliated cuticule. They belong exclusively to the ambulaera, and to the adoral por-

tions of these. In the greater number of the Echinidas they are uncovered and mostly

numerous, being found singie, one only in each ambulacrum, in the genus Echinoci-

daris") alone, which, together with the allied form, Coelopleurus, deviates from the

Echinidan type in other respects also, in the sub-petaloid ambulaera bearing bran-

chial pedicels, in the quadri-partition of the central piece of the calycinal system,

in the anomalous forms of the spines. The Clypeasti-idse offer two types: one, repre-

sented by the plurality of genera^), in which there is only a singie spherid for each ambu-
lacrum, more or less concealed in a cavity; and another, to which belong Clypeaster

and Arachnoides*), having in each ambulacrum two spherids contained in crypts hollow-

ed out in the substance of the test. In a like manner the multiple spherids of Cassi-

dulus"), at first free and uncovered, successively become overgrown by the superficial

layer of the calcareous substance of the test, until the site of each is marked merely

by a very minute opening.

In all these groups, in which the bilateral disposition of the skeletal systems is

often but slightly, though unfailingly expressed, the spherids are distributed by equal

numbers, or nearly so, between the five ambulaera, which are also nearly of the

same structure. In the Spatangidte^"), on the contrary, where the bilateral differ-

entiation of the ambulaera in a trivium and a bivium, apparent already in the Ho-

lastridee of the Older Cretaceous period, is gradually carried out in a decided manner,

1) Études, p. 32, pl, XLIV, XLV. '^) Ib. p. 32, pl. XLVI, XLVII, L, LIl. ') Ib. pl. XLVIII, XLVI.
*) Ib. pl. LI. '') Ib. p. 1—11, 36, pl. I—V, -VII—X, XVII. «) Ib. p. 7, pl. X, tia:. 91, 92. ') Ib. p. 6,

pl. VIII, fig. 68—73. 8) Ib. p. 6, pl. VIII, fi<?. 74—78. ") Ib. p. 6, 36, pl. VII, fisr. 61—66. ">) Ib.

p. 6, 36, pl. III, tig. 32—40, IV, 42—45; V, 48.
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the spherids, mostly uncovered, — Lovenia alone haviiig theui recondite, — are often

inore or less unequally disposed, generally with some relation to the distribution of the

phyllodean pedieels. Thus they generally are fewer on the front ambulacrum, III, in

a greater number, though arranged in the same nianner, on the two paired arnbiilacra

of the trivium, II and IV, and most numerous, and not seldom somewhat differently

disposed, on the bivium, as may be seen more particularly in Moira, Schizaster, Bris-

sus, Plagionotus. Appertaining, as they do, to the ambulacral system, they obey, in

their mode of appearance during the development of the individual, the laAv govern-

ing the growth of that system. Accordingly, in the very young animal the first

spherid appears on each of the plates I b, II b, III a, IV b, V a, the second on plates

I a, II a, III b, IV a, V b, and so forth, and in the same order also they are shed

in the Echinidse '^), and grown över in the Cassidulidaa^). Consequently, in the Spatan-

gida3, the plates bearing the first spherids are those having a single pedicellar pore,

while the second spherids appear on the biporous plates.

All this is very dififerent in Pourtalesia Jeffreysi. There ai'e only four spherids,

Pl. IV,
fig.

15. Of these the two are placed one on each of the two first single plates

of the bivium, I 1 and V 1, not far behind the pedicellar pore, close to the external

suture, in a depression partly extending to the adjoining plate of the trivium. In the

same manner the two other are placed on the plates II a 7 and IV 6 i of the tri-

vium. They are all sub-globular, those of the first pair somewhat larger than those

of the second, and all are uncovered. With the spherids of the Spatangidas they agree

also in their proximity to the suture, and in the leaning över it, a feature observable

in the first spherids of the young of these, Pl. XV, fig. 172, 174, 175, but soon lost^).

The plates II b 1, IV a 1, and the whole of III, are devoid of spherids. Of the plates

1, 1 and V, 1, the former represents the two peristomals \ a 1, \ b 1, and the latter

the two Val and V b 1, in other Echinoids, and as these two pairs are ahvays sym-

metrical towards one another on both sides of the middle line, in their joint outline

as with regard to their component elements, the position of the two larger spherids

in Pourtalesia Jeffreysi is fully in harmony with the general law. But, according to

that law, the first spherids of the ambulacra II and IV ought to have appeared on II

b and IV b, that is to say: unsymmetrically, whereas in this Pourtalesia they are placed

symmetrically towards each other, as detailed above, fig. 15. These spherids, there-

fore, like the rest of the ambulacral elements, are disposed solely in relation to the

actual antero-posterior axis of the skeleton. They are also developed exclusively on

that reduced pai't of its ventral surface which is in close contact with the ground on

which the animal lives. Their size is relatively considerable. In a specimen of 34

mm. one of the larger spherids measures 0,26 mm. in length, and 0,2u mm. in trans-

verse diameter, and one of the smaller 0,23 mm. and 0, 20 mm., in the same dimensions.

Compared to a spherid, 0,20 mm. in length, taken from a specimen of Meoma ventri-

1) Études, p. 37, pl. XVII, fi^. 141—147. -) Ib. p. 36. pl. VH, fi^. 61—66. ^) Ib. pl. III, fig. 32,

33, 34.
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cosa Lamk. of 160 ram., and to another of 0,iö mm., from an Echinocardium flave-

scens O. F. M., measuring 28 mm., the relation between the length of the spherid and

that of the whole skeleton is

in Meoma ventricosa as 0,16 to 100,

in Echinocardium flavescens as 0,5 3 to 100,

in Pourtalesia Jeifreysi as 0,7 6 to 100.

The increased volume of each singie spherid appears in some degree to make up

for their reduced number, and its efficiency to depend, in some raeasure, on the ex-

tent of its ciliated surface.

The fragments given me by Sir Wyville Thomson enabled me to examine these

curious organs in three more species of Pourtalesia: P. laguncula, P. carinata and P.

ceratopyga of Al. Agassiz, Pl. VI, fig. 37, 38, 40, 41, 44; VII, 47, 48, 49, 50. In

these, as in P. Jeffreysi, the entire set is brought together on the sub-labial parts of

the first plates of the four ambulacra I, V, II, IV, there being none on the frontal,

III. P. laguncula has four spherids, one on each of the ambulacrals I a, I b, V a, V b,

Pl. VI, jig. 37, 38, 40, 41. They are pear-shaped, more lengthened in proportion than

those of P. Jeffreysi, and placed in slight depressions close behind the first pedicels.

In P. carinata, Pl. VI, fig. 44; VII, 47, their form is the same. I counted nine in

all, one on each of the five first plates of I 6, V a, II a, IV b, IV a, and two on 1 a

and V h, but it is probable that some more were löst. The pedicellar portion of each

plate is raised, and produced aborally into a projecting point, to which the first spherid

is attached. In P. ceratopyga, Pl. VII, fig. 48, 49, 50, they are likewise pear-

shaped, and still more numerous. I counted twenty two of them, twelve on the

right, ten on the left, but there had no doubt been twenty four. The plates I a 1,

1 b 1, Y b 1, Y a 1, had four spherids each, \\ a 1 and II 6 ^ had each two, and IV

b 1 also two, but on IV a 1 none could be detected, probably from its two spherids

having being löst.

Thus the spherids of the Pourtalesiadte from one species to another seem to differ

more widely in number than those of the other Echinoids. But, whether few or many,

they are always found stationed exclusively on a restricted part of the sub-labial region,

formed by the ambulacra I, II, V and IV, and absent on the pai't of the peristome

that is elevated above it, ambulacrum III, while in Echinoids generally, in which the

whole of the peristomal region is ventral, they are distributed all around, on all

the five ambulacra, and missing only higher up, on the sides and on the back. Of

whatever nature, therefore, the special changes in the surrounding water may be, that

their ciliated epithelium has to watch for, these changes seem to be of essential mo-

ment to the animal, solely when they take place iu the vicinity of the mouth, or

between the under surface and the ground, on which the animal has to find its food.

The pedicels of the Echinoidea, of paramount importance as organs of touch,

of locomotion and prehension, and, in some forras, of respiration, are, however, easily

K. Vet. Akad. Handl. Band 19. N:o 7. 6
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overlooked, and have been mucli neglected, even in the latest works. Réaumur ^) was the

first who, early in the last century, observed them in a living Echinus and desci'ibed

some of their functions. But he was led to state that every single perforation, ritrowt,

of the ambiilacruin answered to a pedicel, and consequently that there were as many
pedicels as perforations. He also seems to have supposed that they are extended from

the interiör and drawn in again through the pores. Sixty years afterwards these errors

were corrected by J. A. Gyllenhahl, ") in the highl}^ remarkable paper in which he

deinonstrated the animal natui-e of the fossils then named »crystal äpples», »calcareous

nodules», or »Aetites», and ranged by Linn^eus among minerals, but which he proved

to be »petrified animals of the genus Echinus or its nearest allies». He described two

species, the Echinus pomum, now Sphajronis pomum, and Echinus aurantium, now
EchinosphfBra aurantium, both well-known forms of Cystoidea. Of the former he says:

»Tentaculis procul dubio numerosissimis instructuin (iisdem lioet ipsis, prout mollioris substantise, adeoque

petrificationis iiicapacibus, non potuerint non oraniuo privata fuisse fossilia individua): Cutis enim undique

pertusa est poris minutissirais, ovbiculalis : Quorum geraini semper collooati sunt iiitra cancellum minutum;

insequilateri-angulatUHi; fundo convexum; plerumque oblougum et in singula extremitate pororum altero pertusumo.

This he explains thus:

))As »the teiitacles» are to be understood those soft and elastio fiilaments which in all other Echini are

attached to the surface of the test, each över a pair of small perforations. AU the species of Echinus hitherto

kuown possess cancelli on the surface of the test, corresponding with those described above in outline, in the

convexity of the bottom, and in the test being pievced, within every single cancellus, by two minute perfora-

tions, one at each of its ends, the cancellus comraonly being of an oval form. These two pores afiford the

communication between the internal parts and the tentacle, the basis of which occupies the entire cancellus,

and consequently covers both pores. In the new fossil species now described the cancelli are somewhat deeper

than in most other Echini, but in some of the irregular Echini I find those around the mouth to agree with

them in this respect also."

And he adds, against Réaumur:
»I have exaraiued Echini of dififerent species, such as they had been taken out of the sea and afterwards

dried, and these I have placed in warm water in order to make their substance swell and resumé its natural

shape, and thus I found that, instead of there being one tentacle to each pore, there is one tentacle correspon-

ding to each pair of pores.» . . . »It follows that the pores are twice as nuraerous as the tentacles».

It will be noticed, that Gyllenhahl had an idea that in some of the Echini

irregulares of Linnjeus, the pedicellar pores near the oesophageal opening were somewhat

different from the rest. To the eminent Dane Otto Frederic Muller belongs, however,

the discovery, as early as in 1776, of the peculiar structure, in Spatangus purpureus, of

its circum-oral pedicels, of which, in the following year, he published a magnified figure.

') Histoire de TAcadémie Royale des Sciences. Année MDCCXII. Aveo les mémoires de mathématique

et de physique pour la méme année. Paris 1714, 4:o, Mém. p. 1.36, pl. 8.

^) Johan Abraham Gyllenhahl, in his twenty second year, oommunicated to the R. Swedish Academy of

Sciences the above quoted memoir: Beskrifning på de så kallade Crystall-äplen och kalkbollar, såsom

petreficerade djur af Echini genus, eller dess närmaste slägtingar. Kongl. Vetenskaps-Akademiens Hand-
lingar för är 1772, Vol. XXXIII, p. 2.H9. Translated into german in: Der Königl. Schwedischen Aka-

demie der Wissenschaften Abhandlungen aus der Naturlehre, Haushaltungskunst und Mechanik, auf das

Jahv 1772. Aus dem Schwedischen iibersetzt von^ Abraham Gotthelf Kästner. Bd. XXXIV, p. 231.

Leipzig 1776. — J. A. Gyllenhahl, elder brother of Leonard Gyllbnhaal, the eminent ^author of

»Insecta Suecica», was bom in 1750 and died in 1788, as Director of the Copper-mines at Åtvidaberg

in Ostro^othia.
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as good as an)^ given since. ^) He was also acquainted with another sort of pedicels, narnely

those belonging to the frontal ambulacrum of Echinocardium flavoscens, and possessed

figures of these, made by his brother and draughtsman C. F. Muller. These figures,

however, were not published till long afterwards, in 1789, by Abildgaard ") Avho was

well aware of the distinctness of the frontal pedicels from those surrounding the mouth.

It will seem that O. F. Muller had regarded both as being of one and the same sort,

when he made use of their structure, very happilj^ after all though, as an essential

character distinguishing his genus Spatangus: ^)tentaculis ijenicillatisi>, from the genus

Echinus: Hentaculis shnplicibus^u ^) This is indeed the first important step towards a

rational dismemberment of the great Linna-an genus Echinus, and O. F. Muller is to

be considered as the real author of the natural genus Spatangus since adopted by

Lamarck. The name, borrowed from Aristoteles, had been in use with the Museo-

graphers of the pre-Linnsean era for certain artificial divisions.

It is, however, mainly to the account given by Johannes Muller"') of the various

kinds of pedicels occurring in the Echinoidea, that Ave have to turn for the principal

source of information respecting these important organs. After having remarked that

not all the regular Echinoidea are homoiopodous, that is, have the whole of their pedicels

terminating in a sucking-disk, as Duvernoy had presuined, but that certain genera, as

Echinocidaris, Astropyga, Diadema, and Colobocentrus, have the dorsal pedicels simply

pointed and flattened, and, the last named genus excepted, plaited on the sides, thus

suggesting a respiratory function, he proceeds to give the folloAving general description

of these organs, as they occur in the Spatangidaä. In this group four different kinds

of pedicels may be distinguished: 1) simple locomotive pedicels with truncated or

rounded tops, destitute of sucking-disks; 2) locomotive pedicels provided Avith a terminal

circular sucking-disk, either crenulated at the margin and strengthened inAvardly Avith

radiating calcified laminse, or divided into radiating processes containing calcareous

rods or lamels; 3) tactual, penicillate pedicels, ending in expanded brushes of club-

shaped filaments, inwardly sustained by calcareous rods; 4) branchial pedicels, ambulacral

gills, having the shape of triangulär leaflets Avith plaited sides. In one and the same

ambulacrum there may be found tAvo or eA^en three of these kinds succeeding one

another, between the peristorae and the dorsal pole. Wherever a fasciole is present, one

kind of pedicels is peculiar to the area it circumscribes. In the genus Spatangus Joh.

Muller recognises three kinds: tactual, locomotive and bi"anchial. The circum-oral

pedicels of all the five ambulacra are tactual and penicillate, the rest of the ventral ones

simple and locomotive. Within the sub-anal fasciole there stånd on either side three

') Zoologise Danicfe Prodromus, 1776, p. XXIX. — Zoologia Dauica, I, t. VI, fig. 5, 1777; latin letter-

press, in 8:0, 1779, I, p. 11; in fol., 1788, p. 5; danisli letterpress, in fol., 1781, p. 19. The

erratum, Zool. Dan. Prodr. p. XXIX: «ano infero», is liere corrected to »ano laterali».

^) Zool. Dan. Ill, p. 17, t. XCI, fig. 4. »Terminantur disco radiato, radiis clavatis, alternis longioribus.

Tentacula vero, qute porös ad circnmfereutiam oris transeunt fascioulo penicillato filamentis oapitatis

composito terminantur», Abildg.

3) Zool. Dan. Prodr., p. XXIX.

*) Ueber den Bau der Echinodermen. Abbaudl. d. K. Akademis d. Wissenscb. in Berlin, 18,54, sep. p. 26,

pl. III.
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penicillate pedicels, belonging to the inner rows of the bivious ambulacra, the fasciola

traversing their plates. The front ambulacrum, which is never seen to bear gills, has

.simple locomotive pedicels, continuing all up to the calyx. But then in this genus the

peripetalous fasciola is absent. Brissopsis, Schizaster etc, on the other hand, are pro-

vided with a peripetalous fasciola, and Echinocardium with an internal fasciola, and,

within the boundary of either, the frontal radius presents a set of peculiar pedicels

witli crenulated or stellated disks, but outside of it only simple locomotive pedicels.

In Brissopsis and Schizaster the disks contain radiating laminas, ^) as likewise the finger-

like processes of Echinocardium. ^) The internal fasciola of this latter genus traverses

not only the front ambulacrum, but also the tops of the four petals, and the apical

parts of these that fall within the fasciola, bear no branchial leaflets, only very minute

simple pedicels.

The penicillate circum-oral pedicels of the five ambulacra Johannes Muller found

similar in all the genera examined, and, in all of them, subanal penicillate pedicels, in

Brissopsis, as stated above, three on either side within the sub-anal fasciola, in Schiz-

aster canaliferus, which is prymnadete, seven on either side, at a distance from the

])eriproct, not between it and the posterior fasciola, but in front of the latter.

To this account may be added the previous researches of Erdl and Valentin,

and those of subsequent observers, as Al. Agassiz, Hoffmann and Perkier. ^)

In my former memoir on Echinoidea I abstained from entering upon any detailed

description of these organs, and gave only a short riotice of their structure and distri-

bution in Brissopsis lyrifera *), and of the primordial pedicels in Toxopneustes droe-

bachunsis "). I expected to have, sooner or later, richer materials to examine. Although

this hope has but partially been realised, as it is of some importance to compare the

pedicels of Pourtalesia to those of the Spatangida?, in particular, and as I shall have

no uiore occasion to revert to the subject, I here give what has hitherto been attainable

to me, from which it will appear that these organs, overlooked as they have been,

are well worth a aiiuch closer investigation than what I have been able to bestow

upon them.

To the whole region around the peristome Desor gave the naine of i]/loscelle)'> "*),

retaining that of ))ph?/llode» for the part of each ambulacrum contiguous to the stoma,

often distinguished by a somewhat expanded surface, and always by the presence of

1) 1. c. pl. III, fig. 6, 7.

-) 1. c. p. 29, pl. III, fig. 4, 5.

^) Valentin, in Agassiz, Monographies d'Écliinoflennes, IV, p. .37, pl. 4, Echinus; 1842. —• Erdl, AVieg-

raanns Archiv, VIII, 45, Taf. II, »Echinus saxatilis"; 1842. — Alexander Agassiz, Rev. of the Echinidfe,

I, p. 693, with numerous figures. — Hoffmann, Zur Anatoraie der Eohinen u. Spatangen, Niederlän-

disches Archiv fiir Zoologie, I, 1871, p. 75, 80, pl. X, fig. 78, 88— 90. — Perkier, Eecherches sur

les Pédicellaires et les Ambulacres des astéries et des oursins; deuxiéme partie, Ann. d. Se. nat., 5:me

sér., XIII, 1870, p. 1, 61: Ech. irréguliers; pl. 6, fig. 2, 3, 5: Amphidetus; 4, c— e, 7, c: Spatangus;

6, 8, 9: Brissopsis; 10: Brissus; ib. XIV, n:o 8: Echinoneus.

*) Études, p. 10, pl. I, fig. 1.

5) [b. p. 27, pl. XVII, fig. 149—152.
^) Synopsis des Échinides fossiles, 1858, p. 247. In creatiug these appellations Desor had in view the

CassidulidtB alone, but they are equally applicable to the eorresponding parts of the Spatangidie.
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conspicuously large pores. The pedicels belonging to this region may be called phyllo-

dean pedicels. In all the species examined the tubular shaft of these pedicels termi-

nally expands into a circular convex disk, which, in the great majdrity, bears numerous

capitate tilaments covering its whole surface, Pl. VIII, fig. 64. They are disposed in

concentric circles, and longer and more closely set at the margin, slightly shorter to-

wards the centre, thus forming, with their tumid tops, almost a section of a sphere.

Each tilament contains a prolongation of the clear and homogeneons layer of the tube,

and, imbedded in it, a slightly arched calcareous rod, by which the iilament is kept

rigid and in supination, Pl. VIII, fig. 55, 56, 58, 60. This rod, in the great majority of

species, rises more or less centrally from a circular basis of areolar texture, in its imma-
ture State not unlike the wheels so frequent in Holothurife, Pl. XI, fig. 121. On its

under side it presents a prominent näve, Pl. VIII, fig. 63, while on the upper side a

number of its fibres unite in forming the rod, which in some species is linear, in others

at first contracted, then in most cases slightly widening, again attenuated and obtuse

at the top, sometimes faintly clavate; deiise and smooth, as in Brissopsis, Schizaster,

Echinocardium, or presenting internal traces of meshy texture Pl. VIII, fig. 59, 60,

and a rough, even spiny surface, as in Meorna, Lovenia, Spatangus. In Urechinus

Naresianus, fig. 56, the rods are rather strong, not solid, but areolate throughout.

Generally the conformation of the rods resembles a siraplified miniature of that of a

spine or radiole.

On the structure of the tumid tops of the filaments in Brissopsis lyrifera, I

formerly made some observations, Pl. IX, fig. 80, 81, 82. From a thin layer, a plexus

surroundinar the homog-eneous central substance, numerous nervous fibres are seen to

traverse the connective tissue towards the inside of the external tegument, and there

to form nucleated multipolar cells in close proximity and connexion with the bases

of very minute, scattered, rigid and motionless hair-like processes on the external sur-

face, which is devoid of vibratile cilia. From this structure the tactual function of

the phyllodean pedicels appears to be fully confirmed; I give it here with a view of

inducing further research, and at the same time will draw attention to the peculiar

form of the tops of the filaments in Metalia, Lovenia and others, observed in speci-

mens too long preserved in spirits to bear with a closer examination, Pl. VIII, fig.

61, 62.

From this description of the phyllodean pedicels, as I have observed them in

the greater number of known genera, only three of these have presented exceptions,

possibly more apparent than real. In Aceste bellidifera Wyv. Thoms., Pl. VIII, fig.

67, 68, which in some of its characteristics shows a certain analogy to Schizaster and

Moira, even in the strangely forward position of the oesophageal opening, — an ex-

aggeration of a feature not altogether foreign to them, — I found the disks of the

phyllodean pedicels crowned only with a double marginal circle of filaments, leaving

the central part naked, and raised into a high, rounded protuberance, which, when seen

from above, presents distinct traces of five converging plicatui^es. Palteostoma mirabile

Grav presented forms very similar, Pl. XVI, fig. 192, 193. In Palseotropus Josephina? n.

were found, among the regular phyllodean pedicels, some, fig. 72, that presented the
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same aberraut structure. It will be seen further on, that this structure is peculiar to

the subanal pedicels, and it may be that in the cases here mentioned it is assumed

by the aborally raost distant among the phyllodean pedicels.

The mode of development and the growth of the phyllodean pedicels may be seen,

partially at least, in very j^oung specimens. In the young Abatus- cavernosus, still

astomous and aproctic, Fl. XIV, jig. 163, there are five in the ambulacra I and V, two

of which are in the 1 a 1 and two in V b 1, one in each of I 6 7, 2, 3, and of V,

a 1, 2, 3; in II and IV: two in a, 1, one in a 2, and one in each of b i, 2, 3; in III:

two in b 1, one in b 2, and one in each of a 1, 2, 3. They are all simple, rounded,

elevated knobs. The young of Echinocardium flavescens O. F. M., Pl. XV, fig. 172.

measuring only 1,7 millimeter without the spines, having the pentagonal peristome

placed only a little befoi^e the middle, with the newly-formed oesophageal opening in

its very centre, and presenting the five first spherids, one in each of the uniporous

plates 1, ^) has fifteen phyllodean pedicels: tAvo in. each of the bi-porous plates, one on

each of the uni-porous. The following plates are also provided with pores, but the

pedicels beginning to form över them could not be discei^ned, probably from their too

great transparency. Each of the fifteen pedicels presents a short tubular shaft, and a

simple, tumid, semi-globular head, in the centre of which is seen a roundish, convex

lamina of calcified reticular tissue, jig. 176. In a specimen only a trifle larger, l,(i mm.,

fig. 175, the head of the pedicel of one of the unipoi'ous plates, V a, fig. 177 , has

become ovate, and two circular wheels have begun to form on its centre-piece, one of

them directed against the small end of the head, the other, smaller, nearly opposite,

and on their outer sides the calcified fibres are seen to interlace and protrude. In

the pedicel of V,
fig. 175, 178, two rounded lobes have grown out, and to each of them

there is a corresponding Avheel, on the point, as it appears, of coming off the central

network, and out of its fibres the rod is seen to rise outwardly. Similar changes are

seen in the young specimen of Abatus cavernosus, in Avhich the oesophageal opening

is just on the point of forming. ^) In another specimen of Echinocardium flavescens,

of 3 mm., fig. 174, which has the oesophageal opening moved a little behind the centre

of the pentagon, the second pair of plates, in each of the paii-ed ambulacra, presents

their newly-formed pedicels. The disk of the older pedicels has now expanded into

two or three lobes, fig. 179, 180, each containing a Avheel, free from the central net-

work, and with a lengthened rod. Underneath are seen the long, arcuated, spiny,

ti'ansverse spicules of the ring. The central network seems not so large, relatively to

the expansion of the disk, as it was at first; in adult specimens it is absent, as

generally among the Spatangidas, a store used up by the growing rods. A specimen

of 5,3 millimeters has disks,
fig. 181, with eight clavate filaments, forming a marginal

circle, and one that seems to begin another, inner circle. Their number appears to

increase rapidly; a Spatangus purpureus of 14 millimeters already presents the same

number as one of 51 millimeters.

1) Etudes, p. 36, pl. III, fig. 33—35.

^) See woodcut p. 26.
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It follows from what has been cletailed here, tliat the phyllodean pedicels of the

great majority of the Spatangidte, when forming, begin with a circulai' top, sti^engthened

by a central calcareous network, that is, by a contrivance like that wliich is permanent

in the Archteonomous Echinoidea, and chiefly subserves locomotion, but that they soon

pass through this stage, as transitory, and develop into organs of a higher function,

that of touch.

The distribution of the phyllodean pedicels among the iive ambulacra, and the

form of the phyllodes, are different in the different genera. The two bivious ambu-

lacra I and V always symmetrise with one another in this, as do also the two paired

ones, II and IV, while the front ambulacrum III, the odd one, stånds alone. Whenever

the tAvo series a and b differ in the number of their phyllodean pores, it is the uni-

porous series, I h, II h, III a, IV 6, V a, that presents the additional pore, all in

accordance with the universal rule. The two paired ambulacra of the trivium, II and

IV, present the most highly developed phyllodes, and the greatest number of phyllo-

dean pedicels. In Maretia planulata these are seen to number eleven in each series,

in Meoma ventricosa ten, in Brissus Scilla3 nine, in Desoria australis eight, in x\gassizia

scrobiculata seven, in Spatangus purpureus six, in Breynia australasiffi, Plagionotus

pectoralis, Faorina chinensis and Schizaster fragilis, five. On the other hand there

are only four in Brissopsis lyrifera, Moira atropos and Abatus Philippii, three in Mi-

craster cor anguinum, Kleinia luzonica, Echinocardium cordatum and Lovenia elongata.

But still the number always equals, often exceeds that of the corresponding pores in

the bivium. In the frontal ambulacrum the number of phyllodean pores is often less

than in the bivium, in a few cases it equals them, and in still fewer exceeds them

slightly, as in Brissus Scillfe, Plagionotus, Brissopsis, Maretia planulata. It follows

from this that the floscelle has its greatest extension in the transverse direction.

In each phyllode the pedicels are largest in the proximity of the peristome, the

more remote gradually becoming smaller, and less rich in filaments. They are, however

rather suddenly replaced by simple pedicels, small and slender, terminating in a conical

or truncated top, which, in most cases, is surrounded by a waved margin, as in Bris-

sopsis Ija-ifera, Pl. IX, fig. 83, 84^ Moira atropos, Pl. X, fig. 110, Lovenia elongata

Gray, fig. 107, 108, Schizaster japonicus Al. Ag.,
fi.g.

111, and thus somewhat like the

pedicels in Rhynchopygus pacificus Al. Ag., Pl. XI, fig. 118, 119. These simple ventral

and lateral pedicels become very slender and minute, more particularly in the bivium

and the paired trivious ambulacra, and their pores are very small, all up to the petal.

In the bivium, however, this holds good only with regard to the exteriör rows of plates,

the I b and V a. The two interiör rows, I a and V b, very generally have their series

of simple pedicels interrupted by the sudden appearance of the stout, peculiar, subanal

pedicels discovered by Johannes Muller. Introduced in the earlier Spatangidaa, the

Prymnadetes, in an uncertain and, as it were, a hesitating manner, these pedicels be-

come in the Prymnodesmians a constant and striking feature. The subanal fasciola,

in traversing the bivious ambulacra, ^) marks off their five foremost plates, 1—5, and

') Études, p. 15, 59; pl. XXXIT, fig. 200, — XLIII, fig. 232.
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never more nor fewer, as ventral, the sixth of the inner row being intei^mediate, half

ventral, half lateral, resembling the preceding in the size and position of its pore and

the förra of its simple pedicel, but extending itself inwardly like the succeeding, while

the seventh + x following, have their pores transferred towards their opposite, inner

extremity, and their pedicels, specialised in a peculiar manner, thus brought within

the fasciola. This is the momentous modification of the Spatangean skeleton, brought

on for the first time in Micraster during the Middle Cretaceous era. Generally, if not

throughout, the subanal pedicels are penicillate, as stated by Johannes Muller, and,

at the first glance, they appear to be like those of the phyllodes, only that the disks

are somewhat smaller, the filaments more unequal, as if disposed in five groups, and

their terminal heads more turaid. On a closer inspection, however, this similarity is

found to exist in but very few genera, as far as is hitherto ascertained, only in Echino-

cardium, in Lovenia, and perhaps in Breynia. In these the filaments are seen to cover

the whole surface of the disk, though not quite so densely as in the phyllodean pedicels.

In Echinocardium also the rods are much stronger, more particularly in E. cordatum

Penn., Pl. VIII, jig. 57, in which species they are rather thin near the base, and from

theuce increase in thickness, so as to become four times as strong as those of the phyl-

lodes, spindle-shaped, and nearly solid. The heads of the filaments, among which the

marginal ones are the longer, are very tumid. So they are in Lovenia also, the rods

being likewise stronger than those of the phyllodean pedicels, Pl. Vill, jig. 59, 60.

But, unlike these, the great majority of other genera present a different arrangement.

In Spatangus, Maretia, Brissopsis, Kleinia, Brissus, Metalia, and, as it seems probable,

in Eupatagus and Linopneustes, among the Prymnodesmians, in Agassizia, Schizaster,

Abatus, Hemiaster among the Prymnadetes, the pencil is made up of a few circles

only of filaments, placed round the margin of the disk, so as to leave bare its central

part, and within this there rises a cupola-shaped or even subglobular protuberance,

surrounded by an open circular space, and commonly presenting on its top a central

depression, in which about five folds are seen, indicating about five convergent, more

or less distinct lobes. In Brissopsis the central protuberance sometimes shows eight

to ten such lobes, nearly closing över the middle, sometimes, when subjected to pres-

sure, taking the shape of a waved brim all around a flattened cup supported by five

calcified areolar lamels, Pl. IX, jig. 85. So it is also in Brissus. In the like manner,

the large central protuberance in Kleinia luzonica presents four or five triangulär con-

verging lobes almost closing över the middle, while in Spatangus purpureus it is rela-

tively small, but high, apparently without any distinct lobes, supported by a convex

areolar lamina, and surrounded by a broad circular space, and a marginal crown of

filaments with very strong rods and very tumid heads.

In Agassizia scrobiculata Val., Pl. VIII, jig. 65, the inner filaments are short,

and the central protuberance, rising vertically and convex above, presents five tri-

angulär, thin, converging lobes, supported beneath by five coarsely areolar, calcified

laminEB. In Schizaster japonicus Al. Ag. the whole of the central surface is occupied

by the convex protuberance, presenting three to eight subtriangular, convergent,
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apparently very thick lobes, separated by deep grooves, and in some cases forming

in the iniddle a funnel-shaped depression.

The structure thus described, the centi^al protuberance, provided with flexible

lobes resembling lips, sometimes found closed, sometimes open and expanded, in a certain

degree calls to mind the sucking mechanism seen in Starfishes and Archa3onomous

Echinoids, as also in many other Echinoderms. If an Asterias rubens is brought to

fästen some of its pedicels on a covering-glass, and this is placed under the micro-

scope after the pedicels have been cut off, their tapering tops, desti-

tute of any calcareous support, are found to be flattened against

the glass, thus forming temporary disks, and their central parts are

seen to be drawn in conically into the tube, by the action of some

of its longitudinal muscles. If covering-glasses are strewn about in

a vessel where specimens of Toxopneustes droebachensis are kept ^
alive, these readily take to lifting some of them, and keeping them (&-

hanging on their backs, perhaps mistaking them for fragments of

dead shells, like those they are said to make use of in disguising. sucking pedicei of Astedas

Preparations for the microscope are thus obtained of the disk in

adhesion, the pedicels of this species keeping their hold more persistently after am-
putation than do those of the Starfish. If the glass is detached by pulling, some disks

will let go their hold, each leaving behind a circular mark, a thin film made up of

fragments of its cuticula, spread all around a clear spöt in the centre, where there had

been no adhesion. But other pedicels will part, and their disks, left adhering to the

glass, Pl. XI, fig.
112—115, present within the broad circular and regularly waved

margin, a flat surface, jig. 113, in whose centre an angular depression is seen to give

off radiating, graduallj^ less defined plicatures. Beneath this depression bundles of

delicate muscular fibres come in sight converging from below, fig. 112, 114, 115, by

the action of which the central part is drawn in. It will appear that suction is brought

about in consequence of the capacity of this depression being thus increased.

Experiments on living Spatangi are necessary, before it may be safe to conclude

from a certain resemblance in structure to a similarity of function, but meanwhile it

seems at least allowable to look upon the subanal pedicels, in the genera enumerated

above, as a combination of a marginal, tactual, with a central, sucking apparatus, and

the whole as a union of a feeler and an instrument of prehension.

For locomotive purposes most of the Spatangidse, being normally burrowers,

chiefly use the strong oar-like spines of the sternum, and are never seen to climb the

walls of glass-vessels, as do the true Echinids by means of their powerful pedicels.

In close accordance with the amount of muscular exertion thus displayed by the last

named, stånds the superior solidity of the calcareous lamels and spicules that underlie

the adhesive sui'face of their disk. These have been described by various authoi's.

In Toxopneustes droebachensis, Pl. XI,
fig. 112, four reticular laminsB, concentric and

adjacent to one another, and, if I am not mistaken, united by short muscles, inwardly

inclose a circular open space, and outwardly send out strong points, at regular inter-

K. Sv. Vet. Akad. Handl. B. 19. N:o 7. 7



50 SVEN LOVEN, ON POURTALESIA, A GENUS OF ECHINOIDKA.

vals, answering to the reentering angles between the marginal undulations. Their inner

margins and their outer circumference are raised above the rest of the surface.

Very similar lamels are seen in Echinoneus, FL Xl,jig. 116, 117, which is homoiopodous.

Close under this circlet of areolar lamels there lies, in the last named genus, fig. 117,

as well as in Echinoids generally, fig. 114, 115, another set of calcareous ossicles, com-

posing what may not improperly be named the foot-ring. This is for the most part

composed of a single series of lengthy and arcuated spicules, outwardly smooth, in-

wardly areolar and frequently spinose, and placed transvei"sely in such a manner as to

overlap one another and to form together a quadrangle, or much more cominonly a

ring, encircling the tubular shaft. And, lastly, there follows, through the whole length

of the shaft, the series of the well-known min ute, numerous, arcuated and fusiform

spicules.

The pedicels of the Spatangidoe possess calcified tissues answering to those in the

Echinidse just describcd. Their phyllodean pedicels, however, seem to be devoid, in

the adult, of anything comparable to the strengthening lamellse universally present in

the suctorial disks of the Echinida3. It has been shown above that in the phyllodean

disk of a very young Echinocardium flavescens, a calcified network is primarily de-

posited, evidently corresponding to that seen in the sucking-disk of the young Echinus ^),

but also that it gradually dirainishes, being, as it seems, dissolved and converted into

the permanent form of the lilamental rods, while the tactual function of the disk is

preparing by means of the successive development of additional filaments. And long

before these have reached their due number, the primary net-work has disappeared,

at least I have searched for it in vain in the adult. It seems to be replaced, very

generally, if not universally, by radiating vertical septa, P/. Vill, fig. 64, composed of

areolar lamels of irregular form, fig. 78, in some way connected with the annular spi-

cules to be described hereafter. And likewise, when the subanal pedicels are constructed

upon the model of the phyllodean, as in Echinocardium and Lovenia, there is no trace

of strengthening hoi'izontal laminte.

On the other hand, when the disk of the subanal pedicels is provided with a

central protuberance, apparently adapted for sucking, as in the genera enumerated

above, this protuberance is often, though, as it seems, not always, underlaid with calci-

fied lamin£e, which, however, nowhei^e possess the solidity or the regular form obser-

vable in Echinids. Thus in Brissopsis lyrifera, Pl. IX, fig. S5, there are five such

separate, but contiguous laminaa, in Agassizia scrobiculata, Pl. VIII, fig. 65, likewise

five, of a somewhat triangulär shape, in Brissus compressus IjKmk., fig. 74, five, rainutely

areolar, contiguous, outwardly bi- or tri-lobate, while in Brissus raediator n., fig. 75^

and Maretia planulata Lamk., they seem to form a convex, continuous expansion, out-

wardly of a more open texture, inwardly closer, supported on the underside by slender

radiating ribs. — In the simple slender pedicels, ventral as well as lateral and frontal,

the like structure obtains, a terminal combination of about five areolar lamella3 forming

a somewhat convex layer, beneath the surface of the top.

>; Étutles, p. 28, pl. XVII, fig. 149, 150.
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It follows from the general description here given, that the subanal pedicels, even

In the antique form of Hemiaster, are penicillate, either totally, or, in most cases,

partially, semi-penicillate, that is: partly suctorial, partly sensitory, the central space

being occupied by a labiate elevation, and the periphery bearing clavate filaments.

It is therefore rather surprising to find two genera distinctly different from the rest

in this regard.

Palasotropus Josephinte n. ^), which deviates so widely from the Spatangean type,

by its simple ambulacra, dorsally apetalous, and by the absence of branchial pedicels,

— of the usual form at least, — but which is still provided with at least semi-peni-

cillate phyllodean pedicels, presents, within the subanal fasciole, on either side, two

plates, 7 and 8, bearing pedicels, Pl. VIII, jig. 73, larger than the rest, but devoid of

the usual marginal crown of filaments, and presenting only a circular disk with a

waved margin, strengthened by about eight areolar, subtriangular, converging lamels.

In Meoma grandis and M. ventricosa a similarly exceptional structure occurs. The

phyllodean pedicels are normal, very strong, and rich in filaments. Within the

bivium they are such in I a, plates 1 and 2, in I h, plates 1, 2, 3; in V a, plates

1, 2, 3, in V h, plates 1 and 2. Then come, abruptly, very minute, simple pedicels,

each terminating in a small disk, the diameter of which is less than that of the tube.

It has a distinct, but thin and rather narrow margin, and within that a convex area,

in which are seen four or five converging lobes, leaving a small bare space in the

centre, and underlaid with an equal nnmber of lamels of rather coarse and open net-

work. The pedicels continue such in V b, as also in I a, by the plates 3, 4, 5, 6. With

their respective plates 7 they come behind the incomplete subanal fasciola, but remain

unaltered, only very sligtly larger in plates 7, 8 of V b, and 7, 8, 9 of la. — These

are the only two exceptions known to me, from what appears to be the general rule.

The number of typical or modified subanal pedicels differs in the different genera,

and among the species of one and the same genus. If the figures given in my former

work, of the skeletal structure of the Spatangidaä are consulted, it will be found that

in all the Prymnodesmians figured, ^) Palajotropus, Micraster, Brissus, Meoma, Spatangus,

Brissopsis, Kleinia, Echinocardium, Plagionotus, Breynia, Maretia, Lovenia, the sixth

plate of I a and V b, though extended mesially so as to reach within the fasciola,

retains the minute pore of the simple pedicel in its place, near the outer margin and

outside the fasciola, while the true subanal pedicels begin in the seventh plate, their

large pores being transferred towards the inner end of the plate, and within the fa-

sciola. The same holds good in Metalia and Eupatagus, not figured there, and, in fact,

in every species of the Prymnodesmians hitherto examined, from which it may be

allowable to conclude that the same conformation is maintained in the genera Ciono-

brissus, Homolampas, Linopneustes, Argopatagus, of Al. Agassiz. Among the Prymna-

detes it is otherwise. ^) The order is even different in different species of the same

genus. Thus, in Schizaster fragilis and Sch. Moseleyi, the subanals begin with the se-

1) Études, p. 17, pl. XII, fig. 105; XIII, fig. 108—113; XXXII, fig. 200.

2) Ib., pl. XXXII, fig. 200, — XLIII, fig. 232.

ä) Ib., p. 16, pl. XXVI, fig. 185, — XXXII, fig. 197.
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ventil, in Sch. japonicus and Sch. gibberulus with the fifth, in Abatus cavernosus with

the eighth, in A. Philippii with the seventh. In Agassizia scrobicuhita and Faorina

chinensis they comnience with the sixth, in Hemiaster Fourneli with the seventh, in

Desoi"ia australis with the tenth.

Among the Prymnodesmians perhaps the greatest number of subanal intra-fasciolar

pedicels occurs in the genus Brissus, they being as niany as nine on either side in

Brissus carinatus Al. Ag. ^), and at least five or four in Brissus Scilla3 and Brissus

Garretti Al. Ag. Breynia australasiaj has six in I a, seven in V b, the old Micraster

cor anguinum tive on either side, Plagionotus pectoralis and Kleinia luzonica four.

In Meoma ventricosa, Brissopsis lyrifera, Echinocardiuin cordatum, Lovenia subcarinata,

Maretia planulata, there are three, in Spatangus purpureus and Palajotropus Josephinas

only two. Among the Pryranadetes the diversity is greater, Agassizia scrobiculata

possessing live or six, Abatus Philippii, Desoria australis, Faoi'ina chinensis three,

Hemiaster Fourneli Des. as many as eight.

A very young specimen of Brissopsis lyrifera, measuring only 4, c mm. in length, ^)

has the plates 6, 7, 8, 9 of \ a and V b extended within the fasciola, and the three:

7, 8, 9, bearing semi-penicillate pedicels, all which is as in the adult. The number

of intra-fasciolar pedicels, normal to each species, therefore, seems to be obtained at a

very early age, so that specimens, inferior in size and presenting fewer subanal intra-

fasciolar pores ouglit not, on that account, to be taken for juvenile stages of species

possessing a greatei' number of such pores, and to whicli they in otlier respects may
have some resemblance. At the same time, however, it is not to be overlooked that

the number of these pores is sometimes, but rarely, seen to vary slightly in one and

the same species, and that even in the same specimen there may be one more in I a

than in V b, or vice versa. But these are accidental variations, and, with proper care,

the number of subanal intra-fasciolar pedicels may be used, with perfect confidence,

as a speciiic character.

Varions, with regard to size and form, as are the pedicels of tlie bivium, the

frontal pedicels, those of the ambulacrum III, are still more so. In this the phyllodean

pedicels are soon succeeded by simple pedicels. Wherever their succession is not inter-

rupted by a dorsal fasciola, they continue unaltered and of minute dimensions all up to

the calycinal system. Thus it is in Spatangus purpureus O. F. M., Maretia planulata

Lamk. and Maretia älta Lutken. In Maretia planulata, Fl. X,jig. 104, they taper into a

rounded tip, within which are seen reticular lamels. In Spatangus purpui-eus those

next to the phyllodean pedicels rise abruptly from a large and tumid base, while the

folloAving, up to the calyx, are slender and very small, and similar to the simple lateral

pedicels of Brissopsis, Pl. IX, jig. 83, 84, or those of Meoma, PL VIII, fig. 70, 71,

described above, terminating in a small disk, with highly flexible margin. In most cases

the dense pigment of the top prevents observing its internal structure, but, when long

macerated in weak spirits, it sometimes happens to retain the calcareous skeleton still

coherent, Pl. X, fig. 109. Then it is seen, that at the base of the flexible margin

') Revision, pl. XXXI, a, fij;. 3, 4. — "-) Études p. IG, pl. XXXVII, fig. 218.
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there lies a ring of strong, transversal, arcuated and branched spicules, and that the

central part is sustained by about five, finely areolar, converging, and convex laminaei.

Among the genera provided with a peripetalous or an internal fasciola, such

continuance of simple pedicels all through the length of the frontal ambulacrum has

been observed only in Meoma and Lovenia. In Meoma ventricosa and M. grandis,

both of which huge species have a Avell-marked, tliough narrow peripetalous fasciola,

the frontal pedicels, Pl. VIII, fig. 70, surprisingiy minute, present the same uniform

simple structure all along, from the phyllode to the calyx, just as those of I a and

V h do within the subanal fasciola. The central eonvexity is lobate, much as in the

subanals of Schizaster, and the spicular structure is that just described in Spatangus.

Very minute are also the simple frontal pedicels within the internal dorsal fasciola of

Lovenia, PL X, jig. 107, 108, and similar in structure to those of Spatangus.

Among the Prymnadetes, Hemiaster expergitus n., Pl. X, jig. 92, ^) the most an-

cient generic type among recent Spatangida3, presents, within the peripetalous fasciola,

middle-sized pedicels, terminating in a flat disk, slightly waved at the margin, strength-

ened by ten or eleven elongated, reticular, calcareous lamels, which in their outer,

larger and horizontal portion are of a more open texture and lacerated at the margins,

in the inner, tapering and feebly rising portion, more compact, smooth-margined and

contiguous, leaving a clear space in the centre. Slightly different from this is the

terminal disk in Abatus Philippii, jig. 91, not much exceeding the tubular shaft, cir-

cular and sustained by areolar lamels up to twelve in number, sub-triangular, rather

flat throughout, more dense and less rough-margined in their inner tapering portion.

But it is in the singular Palaäostoma mirabile and in the group formed by Schizaster,

Moira and Aceste, that this structure of the terminal disk is more highly developed,

the pedicels at the same time attaining unusual dimensions, so as to make their rows

form a very striking feature of the frontal ambulacrum. In all of them the disk is

wide, and strengthened by numerous radiating lamina3. In Palasostoma, Pl. XVI, jig.

194, it is octo-stellate, and the laminte, outwardly lanceolate, have their inner portions

broad and spade-like. In Schizaster fragilis, D. & K., Pl. X, jig. 100, its margin is

digitate, deeply divided into from fifteen to twenty three rays, expanded at the top,

each of them for about half or tAvo thirds of its length supported inwardly by a long,

nearly linear lamel, lacerated at its growing end, otherwise nearly smooth-margined,

with its inner portion slightly rising, and tapering to an obtuse point. The same re-

appeai's in Schizaster japonicus Al. Ag., jig. 101, 102, 103, in which the margin is less

deeply digitate, and the lamella3, even exceeding thirty in number, are very long and

nai"row, and have their inner ends slightly dilatated. In Moira atropos, jig. 94, 95,

on the other hand, the inner contiguous portions of the lamellte are broad, spade-like

and smooth-margined, thus contrasting with the outer portion which is narrow, linear

and jagged. In Aceste bellidifera Wyv. Thoms., ftg. 96, 97, 98, which has received its

name from the size and singular appearance of these pedicels, the broad expanse of

the disk is only slightly waved in front of each of the twenty to twenty seven rod-

') Études, p. 13, pl. XII, iig. 114—120; XI, tig. 93, 94; V, lig. 46, 47,
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like, narrow laminiT, with shortened, acutely triangulai- inner portions, and lengthened,

slightly widened, and spinons outer portions. In Aceste, Moira and Schizaster japonicus

another peculiarity is met with. Ttie inner portion of each laraella has its margins

thickened and compact on the under surface, and produced on either side into a tooth,

which in the Schizaster, fig. 102, 103, is strong and directed inward, in Moira, ^ic/. 95,

hardly perceptible. Between the thickened margins the under surface is concave, and

the upper, in Aceste, raised into a projecting keel, fig. 97, 98. It is worthy of remark

that in Schizaster fragilis scarcely a rudiment is to be seen of the whole of this

conformation, which no doubt serves to extend the attachment of motor muscles.

Among the Prymnodesmians, Metalia, fig. 106, has frontal pedicels nearly like

those of Abatus. A conformation, similar to that just described in Schizaster, reappears

in Kleinia luzonica Gray, whose long and well-developed frontal pedicels end in a

large disk, deeply divided into thirteen to iifteen rays, corresponding to a like number

of lamina?, fig. 99, resembling those in Moira, only a little broader, of a more open

texture, and more spiny at the margins. Their inner exti-emities are also spade-like,

with two distinct marginal teeth. In Brissopsis lyrifera the strong frontal intra-

fasciolar pedicels likewise terminate in a large and flat circular disk, Pl. IX, fig. 86— 89,

with a waved margin, the regular undulations of Avhich answer to an equal number

of fifteen to eighteen radiating laminte, resembling those of Schizaster fragilis, subrect-

angular in their longer, external portions, compact, smooth-margined and tapering

to an obtuse point in their internal contiguous portions, and devoid of the marginal

teeth seen in Kleinia. The circular space in the centre generally is perfectly clear,

— numerous observations had indeed made me assured that it were so invai'iably, till

one specimen turned up, presenting the calcified lamina delineated in fig. 86. Accor-

ding to notes taken long ago, accompanying the figures here given of the disk, as it

appeared in the living animal, these lamels are inclosed in the homogeneous substance,

outside which is seen a complexity of connective tissue and nervous elements, together

with interspersed pigmentary nucleated cells,
fi^g.

88, some deep red, others yellow.

This texture extends to the inside of the epithel. In the interstices betAveen every

two laminffi there is seen an oblong granular body, opaque by transmitted light, white

by reflected light, having all the appearance of a glandular inass, although, at the time,

I could not find an excretoiy opening. In specimens preserved in spirits it has dis-

appeared almost completely. It may perhaps secrete some viscous substance, by which

minute a,nimals are captured that live above the surface of the clay in which the Spa-

tangus is deeply burrowing, while the tops of these highly extensible, prehensile organs

are playing freely in the water high above. Alone among the species hitherto exa-

mined, Agassizia scrobiculata, Pl. X, fig. 93, has frontal intra-fasciolar pedicels similar

to the subanal. Almost of the same size with these, they likewise end in a circle of

filaments of unequal length, with rods as slender, and tops as tumid, surrounding a

cup-like protuberance with tive tinangular lobes converging into a central depression,

and overlying a rosette of radiating lamina3.

Echinocardium presents a rather peculiar form of frontal pedicels. In Echino-

cardium flavescens O. F. M., Pl. XI, fig. 127— 130, their structure was observed already
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b)' Otto Feederic Muller, and clescribed by his editor Abildgaard ^), as terminating

in a stellate disk, the raj-s, fifteen in number, being clavate and alternately longer.

They are robust, straight, obtuse at the top, slightly contracted at the base, and

strengthened by an inner calcareous rod of peculiar confonnation, conical, not rising

from the centre of its basal circlet, but almost directly from its very margin, and

made up of numerous loiigitudinal, linear and straight iibres, with short transverse con-

necting processes, but becoming compact near the point, fig. 129. The central part of

the disk is a cup, fig. 127, the margin of which sometimes is waved irregularly, some-

times formed into lobes closing över it. In Echinocardium cordatum, Pl. XI,
fi.g.

120
—126, it likewise bears a cuplike projection, the lips of which present various forras,

depending on their different degree of contraction, but it is surrounded by a marginal,

single row of numerous, even up to förty, unequal, slender and clavate filaments, each

containing a straight or very slightly arcuated, needle-shaped rod, fig. 121, composed

of a small number of calcareous fibres rising from the margin of the basal circlet of

network, but soon contracting, becoming nodular, swelling again, and spiny near the

top. Neither of these two species of Echinocardium presents any trace of a central

network at the bottom of the cuplike projection. In Breynia Australasipe Leach, Pl.

XI, fig. 131, the long and slender frontal pedicels, within the peripetalous and internal

fasciola, are provided at their truncated, not disciferous ends, with a few marginal, very

short, conical processes, evidently answering to the filaments of others, each supported

by a strong and solid calcareous rod, with traces of reticular texture only at its base,

and sornewhat resembling the rods in Echinocardium flavescens.

The shafts of the pedicels are prolongations of the external tegument, each

rising över a geminous pore. With the exception of the branchial pedicels, they are

cylindrical tubes, flexible and extensible in an eminent degree. In Brissopsis lyrifera,

Pl. IX, fig. 90, I found the wall to be made up of: an external layer, a; a thick layer,

h, consisting of connective tissue and nervous elements, with imbedded pigment cells,

red and yellow; a thin, homogeneous, transparent layer, c, in which the calcareous

spicules are deposited; another, cl, of delicate, transverse, muscular fibres, and, within

that, a much stronger one, e, of longitudinal muscles; and, innermost, /, a rich plexus

of raultipolar nucleated cells, the true extension of Avhich I could not make out at the

time, and which seemed to occupy, to a great extent, the lumen of the tube. This struc-

ture was observed in the tubular shafts of the pedicels of the front ambulacrum, and

it appeared to hold good in the others also.

The transverse spicules of the homogeneous layer c are disposed into longitudinal

rows. Generally they are the most minute of all the various calcified deposits, some-

times numerous, and then densely packed in the contracted state of the pedicel, in

other instances rather scarce, even apparently wanting in the phyllodean pedicels,

rarely so in the subanal, frontal or ventral. They are more or less arched, sometimes

bent, as in Echinocardium cordatum, III, Pl. XI, fig. 120; slender, slightly fusiform,

nearly smooth, as in Metalia, III, PL X, 105; Maretia, III, 104; Palaiotropus, subanal,

') See above p. 43.
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Pl. VIII, 73; very iiainute in Moira, ventral, Pl. X, 110; muricate, but rarely areolar,

ill Spataiigus purpui-eus, III, 109; Meorna, III, Pl. Vill, 70; Breynia, III, Pl. XI, 131;

Brissopsis, ventral, B. IX, 83; Abatus, III, Pl. X, 91; Ecliinocardium, III, Pi. Xi, 725,

128. All through the length of the tube they are generally of the same shape, but near

the top they regularly all at once assurae peculiar shapes, and combine in forming

the foot-ring, annidus, psellion, under the terminal part. In some the elements of

this ring are siniply enlarged modifications of those of the shaft, presenting an annular

complication of lengthened, arched, overlapping spicules, sometimes prickly, Brissus,

Pl. VIII, fig. 74, sometimes outwardly almost smooth, inwardly spinous and emitting,

at regular distances, strong spikes, Brissopsis Pl. IX, 85, or connected with centripetal

spökes, as in Brissus, Pl. Vill., 75, or in the phyllodean pedicels of Maretia, 64, 78,

which are composed of series of irregular flakes. In others the ring consists of areolar

prickly laiuels, small in Spatangus, III, Pl. X, 109, in Lovenia, III, 107, 108, larger,

subtriangular, as in Echinocardium flavescens, III, Pl. XI, 128, phyllode, 130. In others

again, as in the subanals af Lovenia, Pl. Vill, 76, Abatus, 77, in the frontals of Breynia,

XI, 131, and in Rhyuchopygus, XI, 119, the ring is formed by a single series of de-

tached, irregularly rounded, areolar scales. Echinocardium cordatum in this regard

deviates in a most extraordinary manner, not only from its congener E. flavescens,

but from all the rest of Spatangidaa. The tubes of the phyllodean pedicels are devoid

of spicules, and the ring is represented by a few small sigmoidal ones only; in the

shafts of the subanals there is a single row of similar spicules, most of them rather

broad in the middle and areolar, and the tubes of the pedicels of the III, within the

fasciola, present two rows of similar small and slender, slightly muricate spicules. In

the subanals, as well as in the frontals, there is no trace of a true ring, but close under

the top one single spicule, or in some cases two spicules, suddenly become of an enor-

mous size, Pl. XI, fig. 120, 123, lying across the tube, and even exceeding with their

pointed ends the diameter of the crown of filaments, and sometimes simple, sometimes

expanded in the middle, areolar and spinous, fig. 122, 124, 125. These gigantic spi-

cules, larger generally in the frontal pedicels than in the subanal, are seen as well in

the common European Echinocardium cordatum Penn. as in that called E. australe

Gray. It is difficult to conceive their probable use, unless they may be some sort of

stinging apparatus, a weapon added to the tactual and prehensile parts of the pedicel.

The diversities in form and in function exhibited by the pedicels are represented

more or less distinctly by corresponding modifications of those special parts of the

skeletal framework which surround the canals, by which they communicate with the

ambulacral system in the interiör. These parts were called cancelli by older authors;

I shall venture to propose for them the appellation of peripodia.

It was, no doubt, a bright thought of J. A. Gyllenhahl, in those days, now

more than a hundred years ago, to assimilate the »cancelli» of the »crj^stal äpples» to

those of recent Echini, and on that account to transfer their bearers to the animal

kingdom, ranging them under the great natural genus Echinus, then recently instituted

by Linn^us. And so close is in reality, on either side, the general conformity in structure

I
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of the geminous pores, as to cause the lineage of the ArchtBonomous Echinoidea to

gravitate forcibly towards that group of antique Cystoidea of the Silurian era, different

as these no doubt were in other respects, in the total absence, — at least in the

adult, — of a calyx, and in the distribution of the pores all över the perisome.

There seeins also to be little reason for doubting the pedicellar character of the

geminous pores in Sphseronis, Eucystis, Glyptosphasra, Protocrinus, Mesites, the less

so since the want of a decisive proof in this regard is supplied, in some degree at

least, by the occasional preservation of the

actual pedicels in a contemporary form of

Echinoids, Botryocidaris Pahleni Feed. Schmidt,

of the older Silurian era. A specimen of

this most remarkable type, for the inspection

of which I have to thank the liberality of

its learned author, distinctly shows, in several

places, long C3'lindroid bodies, having one

of their ends in close connection with an

ambulacral, geminous pore, even so as to

CO ver it, and for the rest of their length

lying variously bent across the plates, with their free ends gradually tapering into

rounded tips, and thus like the simple pedicels of one of our Echinoids. They even

exhibit traces of having had their tubes strengthened by series of arcuated spicules.

The peripodia, so I venture to call them from analogy, of those archaic Cystoidea

and of Botryocidaris, and, generally, of the Archseonomous Echinoidea, are built

mainly upon the same model: a wall, more or less raised, incloses an elliptical or

lengthened depression in which, in the great majority of forms, two nearly equal per-

forations open, placed on the longitudinal diameter and separated by a septum, or

bridge, of varying breadth and form.

Pedicels of Botryocidaris Pahleni Fk. Schmiut.

U© .

Sphceronis

pomum Gtll.

Glyptosphtera

Leuchtenbergi Volb

Peripodia.

Protocrinus

fragum EicHW.
Mesites

Pusirefskii NiK.

In the genera of Cystoidea named

above, their distribution is somewhat

various. In Sphseronis and Eucystis

the whole perisome is densely crowded

with them, all or nearly all pointing

adorally with their longer axis; in

Protocrinus they are strewn less dense-

ly över the whole exteriör, the grooves excepted, and point mainly in the direction

of the mouth, still with a tendency to deviate; in Mesites they are confined to the

perisome and variously divergent. In Botryocidaris they are confined to the ambulacra,

and point all one way. This is also the case with the ambulacral peripodia in all the

rest of the Echinoidea, the direction of their longer axis being towards the mouth,

those of the branchial peripodia of the petala excepted, which normally are transverse.

In Pl. XII, Jig. 132—149, an attempt is made to give a general idea of some

important modifications of the peripodia among the Neonomous Echinoidea. The series

8
K. Sy. Vet.-Akad. Handl. Bd. 19. N:o 7.
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begins with the homoiopodous Echinoneus ^), jig. 132, which, as in other parts besides,

retains an Archteonomous character in the structure of its disciferous pedicels and

their peripodia, very like those of an Echinus, geminous, with the pores nearly equal.

In the Cassidulidfe, Jig. 133, the new order has set in, the peripodia of the five petala

being branchial, and very different from those of the phyllodes. In Cassidulus these

last are deep, oval depressions, with the bottom sloping towards the adoral end, near

which is the single perforation. In the Spatangidaä, including the Collyrites and Anan-

cites, the phyllodean peripodia, by their superior size, gradually become more and

more prominent, at the same time assuming a character of their own that corresponds

to that of their pedicels specialised into organs of sense. They are shown in jig. 134
—148^1 all IV a 1, ear-shaped expansions, contrasting with the rest of the surface by

a compact and glossy texture, generally of an obovate outline, the longitudinal axis

pointing adorally, and mostly towards the mesial suture of the ambulacrum. Within

this expansion, the boundary line of which is slightly impressed, while its surface is

in some forms convex, in others flat or even depressed, the perforations, as long as

geminous, are placed on the longitudinal diameter, the adoral perforation, which is

always present, mostly being the larger of the two, while the aboral has a tendency

to abort. Thus it seems to be the rule, that in the early types, the Adete, Meri-

dosternal ^) forms, both perforations are maintained. In Holaster scaniensis Cotteatj,

jig. 134, they are separated by the highest part of the convex surface, and in Anancites

ovata, jig. 135, minute, and kept apart by an ovoid protuberance, — and so it is

in both the two peripodia of IV a 1. The distal peripodium of Hemipneustes, jig.

136, shows only a trace of the aboral perforation, while in the proximal it has dis-

appeared. In Echinopatagus, jig. 137, one of the earliest of Amphisternal ^) forms, the

perforations of IV a 1, reduced in size, are geminous, the bridge being almost as

in the Echini. Among the Prymnadetes the two perforations are maintained in

Hemiaster,
fig. 138, and in Faorina, jig. 142, in others the aboral perforation aborts.

How this is done may be observed in Schizaster japonicus, jig. 140, or in Sch. Mose-

leyi. The aboral perforation contTacts, and is moved towards the adoral, while the

bridge gradually narrows, till at last it opens, and the two make one, the trace of the

passage being overgrown with calcareous tissue. In fuUgrown specimens of Schizaster fra-

gilis there are still some geminous perforations left, in Sch. gibberulus and in Moira

atropos they are all simple. So they are also in adult specimens of Agassizia and

Desoria, while in Abatus Philippii a process obtains similar to that in Schizaster ja-

ponicus. Lastl}^, among the Prymnodesmians, the latest and the most advanced of

Neonomous Echinoids, the geminous pore, strictly kept up even as far as from Melo-

nites, and discarded in a few only of the Prymnadetes, their elders, is replaced, as it

seems universally and normally, bj? a single perforation. So it is in Micraster, Bris-

sopsis, jig. 143, Brissus jig. 144, Spatangus jig. 145, Lovenia jig. 146, Maretia fig. 147,

Echinocardium, jig. 148, and in Meoma, Plagionotus, Breynia, Eupatagus. It is a

change that implies a certain amount of modification in the vascular apparatus. —

*) Études, pl. IX. -) 3l£QLg, piece. ^) ^f.i<figiEQV0S, with two breast plates.
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Palfcostoma mirabile, fig. 139, presents deeply suiik phyllodean peinpodia, with the

two perforatioiis not separated, but unitcd by an open slit. The speciinen examined

is, however, young and still retains this juvenile cbaracter, the poi'e being at first

simple, not geminous. ^)

When the entire series of Adete, Prymnadete and Prymnodesmian Spatangidae

is viewed as a whole, the cornmon characters of tlieir phyllodean peripodia is apparent:

their general form, their great size relatively to that of the other peripodia bearing

tubular pedicels, the parallel direction of the two peripodia of the biporoiis plates,

the gradually prevailing abortion of their aboral perforation. The similarity is in

fact such as to justify the conclusion that the principal characteristic of the modern

SpatangidaB, the penicillate phyllodean pedicels, was present already in the earliest

Adete forms, in Collyrites, Holaster, Anancites, Hemipneustes, Cardiaster.

Where the penicillate pedicels are succeeded by the much smaller simple pedi-

cels, the peripodia, again with geminous perforations, at once become very minute.

In the Meridosternal Adetes, as in Collyrites, Anancites, Hemipneustes, they con-

tinue so in the five ambulacra all up to the petala, in Holaster and Cardiaster

through the middle part of the front ambulacrum, and in the four paired ambulacra,

I and V, H and IV, up to their petala, thus suggesting the probable absence, in these

old types, of peculiar subanal pedicels. These appear in the Amphisternal Spatangidaj

in I a and V h, supported by peripodia always larger than the corresponding in I h

and V a, though in a various degree. Already in Echinopatagus, Hemiaster, and in

Palasostoma, that of V 6 surpasses that of V a, and in the great majority of recent

forms, Prymnadete as Prymnodesmian, the difference is more or less marked, jig. 140
—148. But, as far as my present knoAvledge extends, the structural differences of the

subanal pedicel, penicillate, semi-penicillate, or simple and devoid of filaments, are

not distinctly associated with corresponding diversities in the peripodium. The peni-

cillate subanal of Echinocardium is supported by a peripodium not very unlike that

of the simple pedicel of Meoma, and the similarities or dissimilarities between the sub-

anal peripodia of different genera appear to bear no very close relations to the resem-

blances or diversities between their pedicels. The like seems not far from being

the case with those of the front ambulacrum. There is some resemblance between

those of Hemiaster, jig. 138, and of Schizaster, /i^. 140, — they are lengthened, narrow,

and bridged över by a convex protuberance, — and that of Palasostoma, jig. 139, is

not very different — , and these three genera have frontal pedicels with large radia-

ting lamels in the disk; but the nearly similar frontal pedicels of Brissopsis, jig. 143,

have very diiferent peripodia, Those of the simple frontals in Spatangus, Maretia,

Lovenia and Meoma are minute, those of the more complicated, as in Agassizia and

others, are much larger.

In the greater number of Neonomous forms, Cassiduline and Spatangean, the

pedicels of the dorsal portions of the ambulacra are transformed into but slightly

extensible, generally triangulär branchial leaflets. These portions of the ambulacra,

1) Études, pl. XVII, fig. 151.



60 S. LOVEN, ON rOUKTALK.SIA, A GKNUS OF ECHINOIDEA.

the petala, are in tliemselves uniutermptecl, »open» contiiuuitions of tlie ainbtihifral

series of plates, thiis in Cassiclulus, iii tlie Adetes, in Spatangus, Micraster, Maretia,

Echinocardium, Lovenia. When, in others, as in Agassizia, Meoma, Brissopsis, Kleinia,

Brissus, Eupatagus, Plagionotus, Breynia, they are »closed» inferiorly, this is an acci-

dental feature, the constriction being caused solely by the pressure exerted by the

peripetalous fasciola. ^) The petaline plates are longitudinally narrow, extended trans-

versely, and the peripodium, generally placed towards the external margin, incloses

with a narrow rim the always geminous, widely separated, transversely placed per-

forations, and unites them with a slender compressed ridge or with a furrow, a more

or less distinet suture marking the junction of the margins from either side. Upon
the whole a structure like this is found prevalent in the great majority of forms com-

ing into view from the first appearance of the Cassidulidffi. But among the Spatan-

gidsö their exists a gi-oup, of a feAv genera, differing widely enough in other respects,

but held together by a common character, the absence of petala. They are Apetalous;

whether Abranchian further researches will decide. Their ambulacra, instead of

being, in their dorsal portions, deepened and crowded Avith compressed plates, in order

to give room to numerous gill-leafiets, are all along even with the general surface,

and only gradually contracting up to the top, and their plates, as high as they are

broad, or nearly so, are regularly hexagonal, the pores being very minute, placed cen-

trally or subcentrally, and the pedicels small and simple. These genera are Pala30-

tropus, Argopatagus; Urechinus; Cystechinus; Genicopatagus; Aceste, Calymne, Aerope.

They are all abyssal.

In the väst majority of Echinoidean forms, Arhseonomous and Neonomous, —
and presumably in the whole of them, — it is seen that the adoral and inner perforation

of the peripodium is prolonged into a short and narrow slit, cut through the wall, and

that this slit widens below into a separate but smaller perforation. This is very di-

stinctly seen in the Cidaridte, Echinida3, Echinoconidge, Echinoneida3, and, above

all, in the phyllodean peripodia of the Spatangidas. In those of the Cassidulidas, as

generally in the subanal and fronfcal, as well as petaline peripodia, it is less distinet,

but mostly to be recognised as a minute notch in the wall. This is the particular

little foramen that gives passage to the branch of the ambulacral nerve which is seen,

on the inside of the plate, to enter the pore along Avith the vessel, and, as easily, on

the outside, to emerge from it and distribute its branchlets, all through the connective

tissue, to the external organs. ^)

Such is a sketch of the pedicels in the most prominent of Neonomous Echinoidea,

as they are variously specialised in order to meet requirements more varied than those

essential to the earlier types: developed into delicate organs of touch, or combining

Avith tactual function that of prehension, moditied for purposes still obscure, or evi-

dently subservient to respiration. I have dwelt at some length on these diversities,

with a vieAv not only to add a few facts more to those knoAvn already, but mainly to

1) Étucles p. 62. -) Ib., p. 8, pl. II, fig. 29, 30, 31,
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bring out strongly tlie great contrast exhibited in this point by the Pourtalesiadaj. For

while these, in other regards, have not a little in common with the Spatangidas, and

share a few features with the Cassidulida?, they differ vvidely from either in being

homoiopodous. Their pedicels are all simple, and differ in size only, the phyllodean

and the upper trontal pedicels being larger than the rest, which are very minute,

FL IV,
fiff. 16, 21, 22; VI, 40, 4U VII, 50. They all terminate in a rounded or

slightly tiimid top, which, in some states, is surrounded by a narrow circular brim,

not unlike that of Rhynchopygus, Pl. XI,
fi,g. 118, 119. The very dense pigment of

their tissues so obscures its structure that I could not even make sure of the existence

of calcareous spicules. The peripodia, PL I, fig. 5, 6, 7 ; IV, 15, 24; V, 27, 29; VI,

44; VII.I 47; XII, 149, not unlike those of the Cassidulidte, are sunk, and the two

perforations confluent in the phyllodean and frontal ones, separated in the minute

subanals of V h. In the ventral, subventral and lateral plates of the ambulacra the

diminution of the peripodium relatively to the entire surface of the plate is carried

to the extreme, it being hardly discernible över the greater part of the ambulacrum,

and far inferior in size to the smallest of tubercles. The ambulacra are also all ape-

talous and perfectly even with the perisome, and all this, combining with peculiarities

of the interradial areas described above, tends to soften doAvn the elsewhere salient

diversities of the two pi-edominant systems, and to give to the whole surface of the

skeleton the character of smoothness, which the Pourtalesiada3 have in common with

their fellow-habitants of the great depths, the Apetalous Spatangidas.

IV. THE CALYCINAL SYSTEM.

The horaologies oC the calycinal system in Criuoidea and Echinoidea. Tiarechinus. Salenia. Its modi-

fications during geolof;;ioal development. Echinoconidre. Spatangidte. Its decay in the Pourtalesiadie.

Years ago it occurred to me, as it had to others, that the general resemblance

of the »apical» system in the Cidaridge, Saleniada3 and Echinida;, to the calyx of cer-

tain Crinoidea, might be a morphological fact of importance with regard to a true

perception of the homologies of the skeletal constituents in the Echinoderms generally.

For such is in reality the conforrnity between the respective parts of both structures,

that, when ouce perceived, it must leave a strong impression of some hidden meaning

well worth understanding, and often enough it may have called forth reflexions that

far less often were recorded. Louis Agassiz *) once remarked, as of peculiar interest,

»the correspondence between the development of the calcareous central network» of

the disk in the young »Starfish and the stem of Pentacrinus»; the arrangement of the

tive plates »surrounding it and those alternating with them that will form the five

') Twelve Leotures on ooinparative Embryology delivered before the Lowell Institute, in Boston, December

and January 1848—49. Boston, Manders & Co. 1849; p. 17, 22, 24, 25.
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rays, and so oii, witli succev^^sive Jittle plates iii all the genera»; »the correspondence

between the plates that prutect the eyes in the Stariish and the smaller perforated

plates of the upper disk of the Echini», hs well as that between the »ovarial» plates

of these and »the angies between the rays in the Startish.» Austin *) was of opinion

that, in Cidaris, the arnbulacra — in whicli he seems to have included the »ocellar»

pieces — »tenuinate near the apex, which is eomposed of tive plates, each of which

has a central opening or ovarial aperture. These pieces united n:ay be eonsidered as

the dorso-central plate, in the centre of Avhich the vent is situated». He nowhere

inentions the five genital plates of the Echinoids as collectively representing the dorso-

central plate of Marsupites. Alexander Agassiz, ^) from his study of the »abactinal»

sj^stem in the young Startish, arrived at the conclusion that its central plate is a solidi-

fied homologue of the basal plates, and tha,t the set of five plates in the angies corre-

sponds to the interradial plates, and the arm-plates themselves to the radial plates of

the Crinoid. Beyrich ^) eonsidered the apical system, with regard merely to its position,

as the analogon of the Crinoidean calyx. But in no instance the comparison was

more than mentioned incidentally, well worthy as it seems to be of an examination

in detail.

It was at a very reniote geological period that the classes of the Echinoderms

branched off from their ancestral trunk, at the same time inheriting in coramon certain

important characteristics, the actual presence of which still holds together their diversi-

fied forms. Whenever, therefore, we are called upon to compare the leading features

of one class to those of another, we do Avell to trace them back, as near as we can, to

that common source, for, close as presumably were, at that starting point of diverging

existence, their mutual resemblances, most of their members have ever since been

going on modifying themselves, each in its OAvn way, some by sIoav degrees, others

rapidly, every time that a neAV branchlet of the group has been developed, and it has

become a delicate task to parallel features that pei"haps have been only slightly

altered in some type of long-continued existence, with those deeply changed in another,

and that, may be, Avithin the course of a much shorter time.

Typically the »apical» system of the Echinoidea is a radiate structure eomposed

of: a central pentagonal ossicle; contiguous to each of its fiA'e sides one of five other,

hexagonal ossicles, forming a closed ring; and, in the outer angle betAveen every tAvo

of these, one of a second, external, set of five pentagonal ossicles. This is the general

formula, Avhich in the Echinoidea has remained, more or less altered, but ahvays re-

cognisable, from Palaeozoic to recent time. If we look for it in the Crinoidean calyx,

Ave find it profoundly obscured in the Cenozoic forms, and discernible enough in the

Mesozoic, but it is only Avhen Ave approach the older Pala?ozoic time that forms come

in sight by Avhich Ave are led to expect to see it clearly expressed in some early genus,

coeval in a certain degree Avith the oldest of the Echinoidea. It seemed to me that

1) Ann. Nat. Hist., 2:å Ser., VIII, 285, 288; 1855.

^) Proc. Ara. Ac. Arts and Se, 1863, Apr. 14. — Embryology of Stariish. Contributions to the Nat.

Hist. United States, V, 1864, 50; Eeprint 1877, 62.

•') Ueber dia Basis der Crinoidea Brachiata, Monatsberichte Akad. Wiss. Berlin, Febr. 1871.
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a near approach to a calyx of that simple description was to be seen in Cyathocrinus,

and one of its species, Cyathocrinus (Poteriocrinus) geometriens Goldf. was therefore

selected to open a series of figures \) hj which, — while leaving to others the moro
difficult task of unravelling the perplexedly diversified composition of the Crinoidean

calyx, —• I endeavoured to exhibit the homologies between the constituents of the

calyx in that Palasocrinoid and those of the apical system in typical forms of Echi-

noidea. It then appeared that this sj^stem is not an assemblage of parts, each con-

trived for the special purpose of subserving the function of an internal organ, one as

a temporary appendage of the excretory opening, another as an accessory of the system

of aqueous circulation, others as bearers of the organs of vision, and others again as

mere holders of the outlets of the sexual organs, but that, in reality, the apical system

is by itself an independent Avhole, morphologically equivalent to each of the two other

systems, the perisomatic and the ambulacral, constituted of three elements, intimately

combined and normally disposed radiately in regard to its centre. And these elements,

which are rarely seen simultaneously present in the adult, I ventured to point out as

homologous: the central one to the whole of the pentagonal Basis (Joh. Muller) of

the Crinoidean calyx; the five ossicles of the proximal set called »genital» in the former,

to the Parabasalia (Joh. Muller) in the latter; and the five outermost ossicles in the

Echinoid, usually termed »ocellar», to the Radialia (Joh. Muller) of Cyathocrinus. ^)

And it was shown that the same homologies hold good in the Asteriadea.

If this view is well based, as I believe it is, it follows that a terminology has

to be found, which ixiay be applied equally in the different classes, and which desi-

gnates homologous parts by identical appellations. Now, among the numerous deno-

minations proposed by authors, three have been more widely used. The constituents

of the calyx are termed

in Cyathocrinus: by

Miller: Pelvis. Uostalia. Scapuhie.

Joh. Muller: Basis. Parabasalia. Radialia.

Herb. Carpe>,ter: Infrabasalia. Basalia. Radialia;

in EcHiNOiDEA: by

Authors : Central plate. Geuital plates. Ocellar plates.

The position of the calycinal system, while basal in the Crinoidea, is culminating in

the Echinoidea and the Asteriadea, and consequently any appellation involving the

notion of a basal position must be avoided. On the other hand, the terms: genital

and ocellar, besides being expressive of incidental relations peculiar to the Echinoidea

and partly to the Asteriadea, cannot by any means be applied to the homologous parts

in the Crinoid. For these reasons, and to avoid multiplying terms already too nume-

rous, I proposed to retain the old name of costals Miller — the quaint allusion it

implies being long forgotten — for that of parabasals Joh. Muller, and thus to deiine

the calycinal system, or the calyx, in the Cyathocrinid», the Echinoidea and Asteriadea,

') Études, p. 80. — *) Ueber den Ban des Pentacrinus, p. 31.
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as typically composed of a central ossicle, five costals, and five radials. ^) I shall make

use of the same terms here, without fear of being misunderstood. When future seience

shall liave lying before lier, for comparison, nuiuerous forms now undiscovered, and the

perplexities of the present shall have cleared up, the final terminology Avill come of

itself. -)

What the calyx is to the antique Crinoid, its homologon is not to the Echinoid,

— its constituents were inherited raorphologically, not their modes of snbserviency

to the physiological activities of the animal — ; along with the enormous change in

conditions of existence there have arisen essential alterations of the entire strncture.

In the Crinoid, as in the Echinoid, the calyx is normally opposite to the mouth. In

the stalked Crinoid, which feeds by raeans of ciliar}' agency, the mouth is directed

upwards, and the calyx, on the darkened side, is the fundamental support on which

the body rests, periuanently or temporarily, enclosed on all sides by its perisome,

with its radiating grooves. In the Echinoid, when first seen by us already long since

adapted to a free and ground-feeding life, with the mouth directed downwards, the

calj^cinal system, permanently adnate, is carried uppermost, towards the light, on the

top of the back, and there, covering probably the dorsal part of the perisome, nor-

xmy
Cyathocriuus alntaceus

Ang.
Tiarechinua princepa

Laube.
Salenia sp. Echinus sp, youug. Cidaris Merceyi

COTTEAU.

mally meets the ambulacra radiating from the mouth, at their groAving extremities,

but never lifts or supports them. ') In consequence of the thus inverted posture,

the inner organs of the Echinoid are to a great extent transposed and brought iu-

to relations to the calycinal system Avidely contrasting with those existing in the

Crinoid. Relatively to the other skeletal constituents the calyx holds its legitimate

position, but under it, OAving to altered conditions, an assemblage is brought together

of organs of primary importance: those of vision, — apparently foreign to the Crinoi-

dean type, at least not to be looked for in a homologous place — , those of generation,

of aqueous circulation, and of excretion. And tluis, in the Echinoid, the calycinal system

is rendered, to no small extent, a disputed ground, each of these organs tending to

penetrate its substance, and to gain access to the surrounding Avater.

Of all the Echinoidea at present knoAvn Tiarechinus has the most antique looking

calycinal system, Pl. XIII. It is large enough to cover the greater part of the dorsal

') Études p. 73.

-) It is well known that Miller was incnnsisteiit in the use of the term "costals», l)ut it hns alvvays been

considered allowable to suggest the use in a strict sense of a term elsewliere vaguely applied.

=*) Études, 1. c.
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aspect, and distinct from the interradia by a faint lineai- impression, discernible in the

largest of the specimens examined only; above it the caly.K is sliffhtly raised. The central

ossiole, or what raay have filled its place, is löst, and a nearly pentagonal open space is

left in the centre, or rather anteriorly. The tive costals are verv large, the posterior one, 5,

somewhat smaller than the others; they are all hexagonal, with the outward side slightly

truncated for the reception of the narrow middle plate of the corresponding interradium.

The costals 1 and 3 each bear a slightly tubular pore, apparently sexual, placed towards

the inner mai"gin. Water-pores were not to be found. The radials ai'e pentagonal, each

contiguous to the top of an ambulacrum; there is no trace of an ocular pore, if this be not

marked by a slightly larger granule observable in two or three of them. The whole

calyx is covered with a dense granulation similar to that of the interradia, but without

any indication of linear arrangement. The whole, costals and radials, appears as if

of one piece, the sutures being excessively fine, and to be elicited only by the treat-

ment mentioned above. The relative magnitude of the entire

system, the prominent share it takes among the constituents of

the skeleton, the forms and proportions of its parts, are such as

forcibly to recall the calyx of some Pala?ocrinoid, and to justify

a desire to turn the Echinoid upside down and to see the

calycinal system in its imaginary original position, when it form-

ed a part of some remote ancestral type. In this aspect the

resemblance becomes still more striking.

In the remarkable group of the Saleniada?^) the three con-

stituents of the calycinal system, the central pentagon, the

costals, and the radials, are all simultaneously persistent in the

adult. The madreporite, the sexual openings, and the organs of vision, are in pos-

session of their respective ossicles. The system is generally seen to expand largely,

covering a gi'eat extent of the dorsal surface, and to exhibit, in forms of Mesozoic

existence, a highly elaborate sculpture, repeating almost every characteristic observed in

the calyx of Crinoids of preceding, Pala^ozoic, ages, but apparently of none from låter

times, as though in token of a common descent, and a yet not very remote epoch of

separation. The granulation seen in Acrosalenia, the deep impressions crossing the

sutures in Peltastes, the strong straight ridges connecting the centres of the ossicles

in Goniophorus, the impressed points at their sutures and angles in Salenia, often

continued on either side into parallel lines, are features well known in the Palasocri-

noidea and present also in the Cystoidea, but evanescent in the Crinoidea of Secondary

and låter ages.

In the oldest of the known genera, Acrosalenia"), the periproct at first but

slightly touches the central disk or even fails to attain it. Placed closely within the po-

sterior margin of the costal 5, its large aperture is widened lengthwise, sometimes leav-

Tiarechinus princeps Laube, with

the mouth upwards.

1) Étndes, p. 27, 70, 78, pl. XIX, fi?. 177: XXI.
-) It is hardly necessary to mention that the figuves here given are taken from the works of M. Cotteau

in the »Paléontologie Franpaise» and elsewhere, all unsurpassed models of research and elucidation.

K. Sv. Vet. Akad. Handl. Band 19, X:o 7. 9
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ing anteriorly a part of the costal irregularly fractured, while expanding it posteri-

orly beyond the other costals'). During the next piirioils the poriproct, ahvays placed

on the antero-posterior axis and regularly transverse, in Peltastes, which appears in the

Peltnafes Studeri

CoLT. Cretac.

Pseudosalenia aspera

Et. Oolite.

Goniophorus lunuliitus

Ag. Cretac.

Salenia scntigora

Gk. Cretac.

Acrosalenia spinosa

Ag. Ool.

Acrosalenia angula-

ris CoTTA Oolite.

Acrosalenia patella

Des. Cretac.

Peltastes Valleti

Des. Oolite.

Middle Oolite, affects .slightly and equally the costals 1, 4, 5, and the central disk,

while in Pseudosalenia, of the same time, it erodes it deeply, permitting the costal 5

to resumé nearly its normal shape. In Goniophorus, of the Middle Cretaceous time, it

expands so as to take in great parts of the snrroiindings. In Salenia proper, which raay

be followed from early Cretaceous time up to the present period, and in Heterosalenia

of the låter Cretaceous, the periproct is for the greater part cut out from the costals

1 and 5, and thus, while slightly entering upon the central disk, is drawn över to the

right, on the axis 1—3, thus conforming to the rule now prevalent in the majority of

the Echinida3 and, partly at least, among the Asteriadea, of having the excretory open-

ing placed excentrically, to the right of the antero-posterior axis. In view af these

marks of a gradual advance, in the Saleniadse, during their geological development, of the

periproct, from the hindmost limits of the calycinal system to near its centre, there is

some reason for inferring the probable existence, at a remote period, of Exocyclic Sa-

lenian forms combining a calycinal system of a nearly intact Crinoidean character with

a periproct placed in the interradium of the bivium, perhaps even towards its ventral

surface ")

Be this as it raay, in all the knoAvn Echinidae, the Saleniada3 not excepted, in the

earliest forms as in those of the present era, the periproct is endocyclic. In one of

the oldest groups, the Cidaridte, the Crinoidean character of the calyx is still strongly

*) Corapare Acrosalenia miranda Gauthier, Échin. foss. de TAlgérie, II, p. 86, pl. XX, fig. 109, 110.

-) The little known Upper Silurian Cystocidaris Zitt. (Echiuocystites Wyv. Th.) is described as having the

periproct inlerradial.
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marked. One, however, of its three constituent elements is no longer persistent in

the adult; tlie central disk is substituted by a pliant membrane paved with numerous

minute ossicles, in the centre of which is the excretory opening. In this strictly ortho-

proctic group the outline of this membrane still remains pentagonal, as determined by

the vectilinear margins of the costals, while in most of the Echinidse the partial i'e-

sorption of these margins, corabined with the excentric position of the excretory open-

ing, tends to conceal, in no small degree, the original existence of a central disk.

Now we know, however, that in the calyx of the Echinidaä, and most probably also in

that of the Cidai'ida^, during the transitory astomous and aproctic stage of the verj'

young animal, the central disk exists in its legitimate position relatively to the other

constituents of the system, but only for a short time, and soon to be resorbed, in part

at least, upon which its place is iilled by the anal membrane. Its

structural and morphological identity with the central disk of the

Saleniada3 cannot be doubted, and, like that, it is not in the remo-

test manner referable, morphologically or physiologically, under the

appellation of an anal or subanal supplementary plate, to the di-

gestive apparatus, indeed no more so than, in the Saleniadaj, the

portion of the respective costals, which necessarily has been remo-

ved in behalf of the formation of the periproct, and in like man-111 1 1 1 • 1 il • i -il il Salenia hastigera Al. Ag.
ner replaced by an anal membrane, wnich tnus coexists with the Caiycina! svstem.

nearly intact central disk. The difierence is, that, in the Cidaridae

and the Echinidge, unlike what takes place in all the SaleniadaB, the excretory opening

breaks out, not wholiy or partially outside the central disk, but from under it, and thus

induces its destruction as such. The anal membrane supplying its place may possibly

be a dependency of the perisome.

As long as the excretory opening continues endocyclic, a certain degree of sta-

bility maintains in the disposition of the calycinal system. Costals and radials are

constantly present in the normal number of tive, and distinct sutures mark their mu-
tual limits. The water-pores penetrate the costal 2 alone and very rarely exceed it,

the sexual organs open regularly by a pore in each costal, and there is an orbit, sim-

ple or double, in every radial. It is evident that the internal organs, in sharing among
themselves the constituents of the calycinal system, balance each other in an equal

manner. In the Cidarida3 and the whole numerous group of Echinidas it has continued

so to the present day.

But this state of stability in the calycinal system is broken, as soon as one or

the other of the organs it covers begins to move^). The exci-etory opening is the

first to alter its position, it is followed by the madreporite and the sexual yjores, but

the eyes remain stationary. Already in the time of the Lias there existed, at the side

of Cidaridaä, Echinidie and Saleniadte, the group of the Echinoconidaj^), true Gnatho-

') Études, p. 76.

2) Ib., p. 79.
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Holectypus maciopy-
gus Des. Crclac.

Discoidea conica Des.

Cretac. Alb.

Discoidea infera.

Des. Cretac. TuroD

stomous Echiiiids, — Avith the ainbiiJacra all alike, and the peristoine, central and cir-

ciilav, pi-esenting iive pair.s of branchial indentations, — but exocyclic, the periproct

having passed from its old site at the centre of the system, into the odd interradiuni.

In consequence of this movement the costal 5 had been destroyed, but in the course

of time is regenerated, and even its sexual pore returns, all nearly according as the

periproct becomes more distant, and has been so for any length of time. Thus in the

oldest, Pygaster, with the pei'iproct sub-calycinal, the 5 is completely wanting; in Pi-

lens, of the Middle Oolite, the periproct is dorsal, subinarginal, and the costal 5 is

restored, but destitute of sexual pore;

in the Oolitic species of Holectypus,

with the periproct marginal or ventral,

it is present, but imperforate, Avhereas

in the Cretaceous, in which the excre-

tory opening is ventral and farther dis-

tant from the calyx, the sexual pore

exists, and thus the system has once

more become normal. In Discoidea,

of Cretaceous origin, the periproct is

ventral and the costal 5 present, im-

perforate in the lower beds, perforate in

the Turonian; in Echinoconus and

Anorthopygus the vent is posterior,

subventral, and the costal 5 present, but

without a pore.

In like manner, aiuong the Ateleostomes, where the excretory opening can be

said to have just left the calyx, as in the old Echinoneid genera Galei"opygus and

Hyboclypus, in the Oolitic Pyrina3, the central part is irregularly broken up, or com-

pressed; in forms of låter appearance it aborts, and the four paired costals and

the radials I and V close from either side. In Clypeus, the oldest of Cassidulidaj, the

gap left by the i"etreating periproct is filled by an extraordinary prolongation of the

almost ahvays contiguous radials I and V, and there is hardlj^ a trace of the costal 5;

when the vent is removed farther back, these radials are again normal. Thus these

three groups on their first appearance present distinct marks of the passage of the

vent out of the limits of the calyx, and, while in their further development it continues

its receding movement, the damage it has caused is at least partly repaired.

Pygaster umbella

L. Ag. Ool. Oxford

et Corall.

Pileus hemisphoe-

ricua Des. Ool.

Corall.

Holectypus depressus

Des. Ool. Bajoc.

Future research will perhaps afford evidence that the filtering apparatus of the

aqueous system primordially had its legitimate site in the central disk, and that it

was displaced forward through the pressure exerted by the periproct advancing from

the posterior interradium. Be this as it may, certain it is that, in the Mesozoic pe-

riod, the movement, in the opposite direction, of the excretory opening was foUowed

by the beginning of a retrograde movement of the madreporic filter. As early as

in Pygaster, the oldest of Exocyclic Gnathostomes, it is seen to have entered the cen-
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trål part of the calycinal system, effacing the suture which limits tlie costal 2, and such is

its condition in all known Echinoconidaä^), except that in Discoidea it is seen to spread

to all the five costals"). When the Ateleostomata make their firstappearance, as Echino-

neids, the madreporite is restricted to the costal 2; it is

more expanded centrally in the Cretaceous Pyrinas than in

the Oolitic; in the recent Echinoneus^) it is central, and

the sutures effaced. In some few of the oldest of Cassidu-

lidte, in which the centre is fractured into irregular detached

pieces, it is limited to the costal 2; in the great majority of

SpecieS it OCCUpieS the centre, expanding it largely. In the Pyrina Guerangeri Pyrina Durandi

recent Cassidulus all the sutures are obliterated.
^°Bajo°c!^"''

^'
^Turo^n'*'"'

The growing deviation from the original Gnathosto-

mous type reaches its highest point in the Spatangidse. Introduced by the CoUyrites,

of Oolitic existence, they make their appearance early in Cretaceous time as Holastridas.

Deeply contrasting with the Orthoproctic plan of construction: the circular ambitus;

the central and circular peristome not modified during growth, and formed out of

ambulacral and interradial plates of both series, at equal parts in either; the seemingly

radiate disposition of the areas, ambulacral and interradial; the specious homocentri-

city of the spines; the general uniformity of the pedicels, only exceptionally or in

part branchial; •— all features present already in the ancient Cidaridse, consistently

maintained up to the present era by them and by numerous Echinidae, and but slightly,

if at all, modified in a few forms*)— , the evolution of the Spatangidse is pervaded

by an increased and largely diversified tendency towards the differentiation of the

skeletal elements into modifications unseen before, only in part begun by the Echino-

neidse and the Cassidulidas. The gradual lengthening of the whole framework, the

forward movement of the trivium, the increasing groAvth and differentiation of the

abdomen and of the bivium, more and more overcome the inherited globosity; the

alimentary canal extends horizontally, its oesophageal opening advancing, while the

excretory aperture retrogrades; the bilateral symmetry becomes apparent, betraying a

dawning approximation towards a vermiform disposition; the trivium and the bi-

vium are more distinctly constituted: in the former the ambulacrum III is specialised

as the front ambulacrum, and provided with pedicels of a peculiar structure, in the

låter genera at least not subservient to respiration, while the II and IV are paired

and made counterparts in outline, though still unsymmetrical with regard to their

constituent plates, and the I and V are made symmetrical inwardly as well as in their

outlines; the peristome, consisting of biseriate ambulacrals and single interradials,

is originally pentagonal, but nearly always becomes modified during growth; of

the perisome, the four lateral interradial areas are distinctly disposed into two pairs,

the symmetry of the anterior pair, 2 and 3, being perfect, while that of the posterior,

1 and 4, is qualified, in 1 a, or in 1 a and 1 b, by an heteronomous disposition un-

1) See woodcut on the 'preceding pagc. -) Études, p. 81, pl. XV, fig. 133. ^) Ib. pl. XV, fig. 131.

*) Ib. p. 26, pl. XVIII, fig. 153—158.
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known in the whole of the Gnathostomata as well as in the older Ateleostoraata, ob-

scurely marked in the Holastridaä, manifest in the true Spatan^i; the odd interradium,

5, at first, in the Holastridas, nearly similar to the other four, has its ventral plates

separate, transversely triangulär: Meridosterni, but låter, in the higher genera, formed

into two large collateral sternal plates: Amphisterni; the fasciola3, a feature unseen

before: Adeti, at lirst are vaguely extant: Prymnadeti, or marginal alone, then the

peripetalous fasciola is added, till, towards the end of the Cretaceous period, the sub-

anal appears: Prymnodesmii, in the higher Spatangidte always traversing adorally the

sixth plate of I a and V b, and marking off the first five plates as ventral, the follow-

ing as abdominal and dorsal; the spines are bristle-like, generally curved, tending

backward, where not otherwise directed by the fascioles; the pedicels, which in

Echinoneus are disciferous and similar to those of the Endocyclic Gnathostomes, and

homotypic all över, in Cassidulus simple, in the petals only modified into branchials,

attain in the Spatangidaa their highest development as diversely adapted organs,

those of the phyllodes penicillate, the subanal mostly sub-penicillate, the lateral

simple, the frontal variously constructed, and those of the petals, where these exist,

branchial.

While these and other changes are successively introduced in the structure of

the Spatangida3, the two main constituents of their skeleton, the interradial system

and the ambulacral, hold their own, and keep up their relative parts in the evolutio-

nal labour, their elements gradually assuming novel and almost refined forms '). It is

not so with the third constituent, the calycinal system.

When the Collyrites appear, the first of the Spatangidas,

and after them the Holastridse, the excretory opening is po-

sterior and distant, and the calycinal system in the condition

presented by some Echinoneidee of the Oolitic period, as e. g.

by Hyboclypus. It is generally more or less lengthened, and

the only trace of the passage of the periproct is the total

suppression of the central disk and the costal 5. In this state

it remains in the Adete, Meridosternate forms: Anancites ^)

Offaster, Holaster, Cardiaster, Hemipneustes, introduced at the

beginning of the Cretaceous period and continued into the Eocene;

it is still seen, in the seas of the present time, at great depths,

^''"cåi^cfnlVsyttem!
*^"'

'^^ ^he Adete Cystechinus Al. Ag., and in Urechinus Al. Ag.,

Pl. XXI, fig. 239—242, which is said to be provided with a sub-

anal fasciola. It is shortened, but tightly closed by the contiguity of the costals 1 and

4, in the forms with a true, but yet imperfectly developed sternum: Toxaster, Heter-

aster and Enallaster; it is short and subcircular, closed behind by the costals 1 and 4

^) Obsei-ve the contrast between the plain and ria;id angularity of the plates in Micraster, Etudes, pl.

XXXIII, of Cretaceous existence, and the freedom of outline, even elegance, observable in corresponding

parts in låter Prymnodesmian types, Tertiary and recent, such as Echinocardium, pj. XXXIX; Plagionotus,

pl. XL, Breynia, pl. XLI, Mavetia, pl. XLII, Lovenia, pl. XLIII. The contrast is less striking between

Hemiaster and the låter Prymnadetes, ib. pl. XXVI—XXXII, fig. 197.

=^) Études, pl. XI, fig. 96, 97, 98.
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and the radials I and V, in the old subglobose forms with a normally construcled ster-

num: Epiaster, Isaster, and the typieal species of the abundantly developed Hemiaster,

Pl. XVIII, fig. 221, 222, while in other species'), from the middle Cretaceous era, it

is closed also, but solely by the radials I and V, the costals 1 and 4 having separat-

ed, in this respect like the calyx of Micraster"), the first of Piymnodesmians, contin-

uing from the middle Cretaceous into the Tertiary period. In all these forms the

madreporite is strictly confined to the right anterior costal, 2. They may be conveni-

ently comprised under the common name of Ethmophracti^). But, of them all, as far

as our knowledge extends, no generic type has survived up to the present time save

Hemiaster, while the abyssal depths contain some genera of Ethmophracts, as Calymne,

Urechinus and Cystechinus, that more or less recall those ancient forms.

For in the latter half of the Cretaceous era an important change took place

in the structure of the calycinal system of the Spatangida?. It has been seen that,

when, in the Echinoconidse, the periproct had retreated far back from the calyx, the

costal 5, which had been suppressed, was reinstated again, and that the normal con-

dition returned even so far as to allow the efferent duct of the corresponding sexual

gland to perforate it. In a similar manner also among the Spatangida?, the central

disk and the costal 5 make their reappearance, the former separating the costals 1 and

4, the latter disjoining the radials I and V, but never receiving a sexual pore. At the

same time the madreporic filter, no more held back by the excretor}' apparatus, but

free to move and expand, spreads its pores, as formerly in the Cassidulidaj, into the

now extended space of the central disk, and from thence into the costal 5. The Spa-

tangidfe provided with a calyx of this description may be distinguished as Ethmoly-

sii*). The madreporite, while it penetrates the substance of the costal 2, the central

ossicle and the costal 5, obliterates the sutures which separated them, as it did the

suture between the 2 and the central in the Echinoconidse, Echinoneida! and Cassidu-

lidae, and those three ossicles, so strictly kept apart in the Endocyclic forms, are here

united into one unbroken area, contiguous anteriorly to the interradium 2, and poste-

riorly to the interradium 5. It will appear that Linthia and Schizaster") from the middle

Cretaceous time to our time, Prenaster from the end of the Cretaceous period and far into

the Eocene, Macropneustes in the Eocene, were the first in which this change took place, and

associated with them may perhaps be found some species rightly beloiiging to Abatus''),

Pl. XVIII. jlg. 220. In thr-ee of these oldest genera of the Spatangida3 Ethmolysii:

Schizaster'), Prenaster, Macropneustes, the costal 5 is not extended far beyond the poste-

rior limits of the s}'^stem, and in Schizaster the madreporite takes its due by more or

less crowding with its pores the costal 2, so as to cause the abortion of the efferent

') Mainly, or wholly!', algerian. See Cotteau, Peron et (jauthikr, Éoliinides fossilcs de rAlgérie. IV,

Cenomaiiieii, VI: Tiironien.

2) Études, Pl. XI, fig. 95.

•*) 'Fld/.tf'iQ, filter; (pQay.znc, fenced.

*) ylvQlOiz, deliverer.

^) Schizaster iintiquus Cotteau, BuU. Soc. Géol. VI, 567.

") Corapare Abatus Pliilippii, Études, pl. XI, tig. 99.

') Schizaster fragilis, Ib., pl. XII. fig. 102.
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Mncropnenstes Pellat

COTTEAV.
Prenaster Jutieri

Desor.

duct of the corresponding sexual glanrl. In Prenaster and Macropneustes, the next, it

will appear, to assnnic the modified strueture of the calyeinal system, the costal 5 also

keeps within its preoincts, while the reduced press of

the filter on the c-ostal 2 admits of the normal pres-

ence of its sexual pore. But in the great nuraber of

genera of låter appearance, while this pore is con-

stantly maintained, the duster of water-pores is seen

to have withdrawn from this costal and to have retreat-

ed backward, expanding the combined area of the

central ossicle and the costal 5, which thus are made
to form a prolongation reaehing beyond the posterior

limits of the calycinal system and far into the interradium 5 ^). This is the case in

the great majority of recent Spatangidae: Faorina, Agassizia among the Pymnadetes,

Brissus, Metalia, Rhinobrissus, Cionobrissus, Meoraa, Spatangus, Homolampas, Palteo-

pneustes, Binssopsis, Kleinia, Echinocardium, Plagionotus, Breynia, Maretia, Lovenia,

Eupatagus. among the Prymnodesmians.

The diversity between the calycinal system of the Ethmophracti and that of the

Ethmolysii, striking as it is, has nevertheless been overlooked. As long ago as in 1845

Philippi described and figured three species of Spatangus from the antarctic sea of South

America, and proposed for their reception a new subgenus: Tripylus, principally char-

acterised by possessing only three sexual openings. He named them Tripylus excava-

tus, Tr. cavernosus, and Tr. australis. The tirst was referred by L. Agassiz to Agas-

sizia Val., while Troschel, who examined the original specimens of all three, made it

the type of a new genus: Hamaxitus, and Gkay and Al. Agassiz retained for it the prim-

itive appellation : Tripj^lus. For the two other, Tr. cavernosus Phil. and Tr. australis

Phil., placed bv L. Agassiz in Brissopsis, b}- Gray in Faorina, Troschel created a new

genus: Abatus"), remarking at the same time, that if only one species had come under

') Étiuies p. 12, Pl. XII, iio-. 100, 101, Brissopsis; 106, Meoma; 107, Echinociirdimti.

-) The tollowing is the uomenclatural historv of the species of

Abatus Troschel.

VVieirraanns Archiv. XVII, (1851), 72.

1. Abatiis cavernosus Phimppi.

1845. Tripylus cavernosus Phil. Wo;m. Arch. XI, 345, t. XI,

Brissopsis

Faorina

Heniiaster

1845. Tripvlus australis Pun,.

Brissopsis » >

Faorina » »

Hemiaster » "

1847. Ag.\ss. a Des. Cat. R., Ann. 8c. Nat., 3:e Sér., VIII, 15, sep., 121.

1851. Ge.\y, An. Nat. Hist., 2:(1 ser, VII, 1.32.

1855. Gray, Cat. rec, Ech. Br. Mus., 57.

1872. Al. AoASSiz, Rev. Echin., 132, 587, t. XXI c, f. 1, 2.

1876. Al. Agassiz, Proc. Am. Ac. Arts a. Se. Boston, XI, 231.

1879. Edc. a. Smith, Phil. Träns., Vol. 168, 271.

1880. Studee, Zoolog. Anzeiger, 544.

1880. Studer, Mon. Ber. Berl. Akad. 881.

1881. Al. Agassiz, Rep. Chall. Echinoidea, 179, pl. 20, a.

1, c. .347, T. XI, f. .3.

1847. Agass. et Des., Cat. R. 1. c.

1855. Gray, Cat. Br. Mus., 57.

1872. Al. Agassiz, Rev. 132, 586. pl. XXI c. f. 3.
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his notice, he doubtless would have referred it to Hemiaster Des. This became also

the view taken by Al. Agassiz, and since 1872 every author who mentioned these two

species, treated them as living representatives of that genus, thus associating them

with a höst of long known fossil forms that once peopled the seas of the Cretaceous

and Tertiary periods, and with their more lately added recent congeners, Hemiaster

expergitus Lov.^), discovered by Smitt and Ljungman during the cruize of the Jose-

phine in 1869, H. gibbosus Al. Ag. and H. zonatus Al. Ag., both dredged by the

Challenger Expedition^). Now these three species of the existing seas are true Hemi-

asters fully sharing the well-known characteristics of that highly natural genus, the sub-

globose form, elevated in its posterior region, a calyx of four costals, the madreporite

confined to the costal 2, the 4 and 1 and the radials I and V closing from either

side, in strict accordance with the mode of conformation universally prevalent within

the calvcinal system during the older Mesozoic period. These species are, as it were,

apparitions from a former world, relics surviving from an evolutional stage long pas-

sed tlirough, and very different from the altogether modern Abatus, with its modera-

tely convex test, its calyx with tive costals, the 5 being reproduced between the ra-

dials I and V and bearing the madreporic filter, thus set free, on its unimpeded retro-

grade movement. An extraneous form like this''), if suffered to remain in the other-

wise homogeneous group of true Hemiasters, is sure to vitiate its integrity, and the

mixed assemblage thus set up for a natural genus, if taken on trust, cannot fail to

mislead when the question is to trace out coniparatively its former geological and ac-

tual geographical distribution. The few survivors hitherto found of the once nume-

rous genus Hemiaster inhabit teraperate and tropical parts of the Atlantic and Pacific

oceans, the Caribbean and Brazilian Seas, through that of the Azores towards Madeira

and the Iberian peninsula, the Sea of Japan and that between New-Guinea and Austra-

lia. Abatus, on the other hand, is an antarctic form.

1851. Faoi-iiin antarctioa Gray, Ann. Nat. Hist. 1. c. 132.

1855. Gray, Cat. Br. Mus., 57.

1876. Hemiaster cordatus Verbii.l Bull. Un. St. Nat. Mus. Wasliiugton, N:v 3, 68.

Hemiaster sp. 1876. Wvv. Thomson, Journ. Linn. Soc. XIII, 67.

1877. Hemiaster Pliilippii »Grayu, Wyv, Tiiojison, Voy. Challeng:er, II, 227.

Obs. Abatus cavernosus Phil. nppears to be the female, Ab. auslralis the inale. Gray' remarks, Cat. Br.

Mus. 57, that the three, Faorina antarctioa, cavernosa and australis, perhaps are only oiie species. Tripylus Phi-

li])pii Gray is generically different, probably an Agassizia, as also Tr. excavatus Phil.

2. Abatus Philippii Loven.

1871. Abatus Philippii Loven, Öfversigt af K. Vet.-Akad. Förhandl. N:r 8, 1065, 1070.

1874. Loven, Études s. les Éohinoidées, pl. XI, fig. 99; pl. XXIX, f. 188—190.
Hemiaster » » 1873. Al. Agassiz, Bull. Mus. Comp. Zool. III, n:o 8, 189.

1874. Al. Agassiz, Zool. Eesults Hasler Exp. I, 20.

Obs. The synonymy is doubtiul, because the sexual pores are said to be wnvo or three», and »if a third

exists it is the right anterior one, usually, bnt soraetiraes the left».

1) Études, p. 13, pl. Xin, fig. 114—120.
-) Eep. Chall. Ech., p. 184, pL XX, fig. 1—16.
^) Another stranger is Hemiaster elongatus of Indian Tertinrios. It is a Palreostoma.

K. Vet. Akad. Handl. B.ind 19. N:o 7.
'

10
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A clue attention paid to the developiuent of parts during the growth of the indivi-

dual aniiual has more tlian once veconciled discrepancies as great as that of the cal}'-

cinal system in the Ethmophracti atid the Ethinolysii, the Mesozoic type and the Cenozoic.

In the young of Abatus cavernosus, Pl. XIV, jig. 164, 164 A, the calycinal sy-

stern, relatively large, presents five radials I, II, III, IV, V, each bearing a tentacle,

and four costals, 1, 2, 3, 4, araong which the 2 lias becorae already the site

of the madreporite. The central and open part is overlaid, within the general enve-

lope, by a membrane in which are seen detached niinute calcified lamina?, pi'esuinably

radiments of the central ossicle and the costal 5, nowhere extant among the Ethmo-
phracti, but here to be developed, Pl. XVIII,

fi.g. 220, after the backward passage of

the excretory end of the aliraentary tube.

Young Spatangi, with the raouth and the vent opened, and living free on the

bottom of the sea, very early present a calycinal system completed by the presence of

the centi'al disk and the costal 5. Different stages of Echinocardium flavescens O. F.

Muller, Spatangus purpureus O. F. M., and Brissopsis lyrifera Forbes, Pl. XVII, XVIII,

XIX, may serve as examples showing the development of the calycinal system and

the movement of the madreporic apparatus in the Spatangidaa Ethmolysii. Of the tirst-

named the calycinal system is represented Pl. XVII, jig. 197—207, as it appears in

speciniens of different dimensions, from mm. o,r) : 3 to mm. 36 : 32. In the youngest

the five radials are present with their ocular pores. The whole system, up to the in-

dividual size of mm. 30 : 26, is more or less distinctly pentagonal. The central ossicle

together with costals 2, 3, 5 are united into one continuous middle area, extending

throuo-h the whole leno-th of the system, with the radial III in front, the ra-

dials IV and V and costal 4 on the left, and radials I and II together with costal 1

on the right. At first,
fi.g. 197 , 198, the madreporite is a single pore placed nearly in

front, then there are two or three pores, ^(7. 199—205, of which the last added is more

towards the middle; in a specimen of mm. 14,5: 12, Jig. 205, out of five pores two

are posterior. Meanwhile the costals, at the total size of mm. 10, : 9 and mm. 12 : 10,

jig. 203, 204, have been provided with sexual pores, at first so rainute as easily to be

taken for madreporic pores, but becoming larger according as the reproductive organs

are developed. At mm. 30 : 26, jig. 206, the swarm of madreporic pores lies more

than half behind the middle, and at mm. 36 : 32, jig. 207, nearly the whole of it be-

hind the costals 1 and 4, and the costal 5 has been driven backward into the inter-

radium 5; but still its intact margin is seen to limit the pressure of the pores. And
during this transference, in this species as in those next to be described, the middle

part, expanded as long as occupied by the growing madreporite, contracts again when

it has passed, yielding to the pressure exerted by the interradia.

A series of young stages of Spatangus purpureus O. F. M., from mm. 5 : 4 to mm.
24 : 21, presents similar modifications, Pl. XVIII, jig. 209—219. There is the same

drawing together of the sexual openings and narrowing of the middle area, after the

recession of the madreporic filter, which is richer in pores than that of Echinocardium,

and much more expansive, so much so as largely to invade, at mm. 53 : 50, the costals

1 and 4, to fill to the ver}' brim the costal 5, stretching it to the utmost and leaving no
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ti-acc of an iiitact margin, and even to detach one or other of its pores to tlie fur-

tlier side, into the interradial area 5, fig. 219.

The presence, outside the costal 5 and within the corresponding interradium, of

a single pore of the madreporic filter, at first seeins nothing more than an accidental

anonialy. On a closer inspection, however, it looks otherwise. In a specimen of Bri.s-

sus canarieiisis HJeckel ms. I observe a dense group of six pores within the inter-

radium 5, on the left from the costal, and a set of specimens just at hand of Briss-

opsis lyrifera presents not a few cases of the same disposition, Pl. XIX, fig.
223—231.

In the adults of this well-known species the sexual apertui"es are normally four,

and one of them is in the costal 2. In a specimen of mm. 9 : 7, fig. 223., the system

is made up of the iive radials, the costals 1, 3, 4 distinguished by definite sutures,

and the costals 2 and 5 together with the central ossicle united into one piece, the

madi'eporic filter here as elsewhere effacing the sutures. Only one minute pore is to

be seen, in the direction of costal 2. Next, in a specimen of mm. 11 : 9, fig. 224, one

more has been added, in the central part; in specimens of mm. 15 : 12, 15 : 13, 16 : 13,

fig. 225—221 , their number increases, occupying the centre and the costal 5. Then,

while the central part contracts, the filter, always increasing the number of its pores,

expands, and forces the costal 5 backward, beyond the limits of the system ^). And while it

thus takes more rooin, as the animal grows, it is sometimes seen to prevent the sexual

organs from opening in the costal 2, fig. 229, sometimes to expand in 1 outside its

sexual pore, fig. 230, or sometimes to migrate, in no small number, across the limits of

the system and into the interradium 5, fig. 228, partly even into the ambulacrum I

fig. 231. In a hundred specimens of Brissopsis lyrifera taken at random, all from one

locality, I find ten presenting this anomalous disposition, the expelled pores being in

most cases on the right .side, in the b series of the interradium.

Thus the movement of the madreporic filter, the starting point and the terminus

of which have marked different geological epochs, is seen to take place in the living

animal within the brief space of a transitory stage of its development. In the adult

of Hemiaster and of all the other Spatangida? of early Mesozoic origin, the calyx

presents a structure essentially difierent from that of the calyx in the adult of a Spa-

tangus, or of any other form, of låter or recent appearance, and very rarely a link of

connection is found between the two. But in the last-named of these groups an evo-

lutional process actually takes place, showing us how, in the individ ual, the calyx passes

from the one state into the other, and permitting us, however vaguely, to surmise

the nature of the modifications by means of which the same change may have been

brought about in the species, and the Ethmolysii made to take the place of the

Ethmophracti. The contending activities of the internal organs, of sensation, genera-

tion and circulation, which, after the removal of the excretory opening, in the ear-

liest Spatangidai still for a time combined to render permanent the site of the madre-

porite in the costal 2, and to hold back the restoration of the central disk and the

costal 5, entered into a period of alterations that by degrees indueed the setting free

1) Études, p. 12, pl. XII, iijj. 100, 101.
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of the regenerative energy of these long siippressed parts, and, in obedience to the

predorainant tendency of abdominal growth, prcpared tlie recession, b}'' the way thus

laid open, of the perforating agency of the madreporitic tubuli. Accorapanied by correl-

ative changes in other parts; transinitted, Avith tendencies enforced, from generation

to generation, frorn embryo to embryo, and resuraing innumerable times its plastic

work, this evolutional process, siraultaneously operating in a number of individuals, always

at an early stage never found fossil, resulted in the location of the madreporite in the

restored costal 5 of the adult. Then a period of rest followed in the calycinal system,

during which innumerable specimens were preserved recording the transformation,

whicli thus may seem to have been accomplished in a relatively short space of geologi-

cal time, and, as it now appears to us, suddenly. The seas of

the present era harbour at least one transitional form, the an-

tique looking Genicopatagus aflinis Al. Ag., in Avhich the cen-

tral disk and the costal 5 are reinstated, separating the I and V,

and preparing the way for the madreporite, which still how-

ever remains in the aporous costal 2. It is an abyssal form,

and such are probably all the recent Ethmophracti, "while the

Ethmolysii, which have but few representatives in the great depths,

Genicopatag^affinis^L. Ag., ^rc llttoral auimals ^ccz' £|o/»jV. It is among these that the mad-
Caiycinai System. rcporlte, aftcr a period of rest, in our days seems to show

signs of once more moving, and of transgressing its latest line of demarcation.

Further research, extending över a large number of specimens of these and other

species, from difierent localities, will decide whether there be valid reasons for regard-

ing this regression of the filtering apparatus beyond its old boundary as an evolutional

stage' and not as something accidental, as an instance of monstrosity. It is fully in ac-

cordance with what has been going on for ages within the calycinal system, through

long series of succeeding species, only it is here carried a step farther, as though

leadiag into a new phase of the morphological labour. In Mesozoic time the excretory

opening moved out of the system into the odd interradium, and was seen to increase

more and more the interjacent distance. After a while the madreporic filter followed

its track, attaining, near the close of Cretaceous time, the costal 5. With the aid of a

little imagination we might surmise that we actually witness how it exceeds the old

terminus and begins its exodus, and indulge in the idea that, in a future geologically

not very distant, the whole of the madreporite, in some species or other, will have

settled within the odd interradium, while the central disk, together with the costal 5,

cleared of the invading porosity, will have resuined their normal condition. Then

this gradual displacement of the madreporic filter, combined with other correlative

modifications of the external parts, accessory to internal changes of mOre directly vital

importance, will have originated a new type of Spatangidte. But this by the way, as

mere speculation. One point alone is established beyond any doubt by Avhat has been

detailed here, namely that in reality the madreporite is not an integral element of

the calycinal system, but an extraneous accessoiy, and that there exists no such thing

as a "madreporic plate».
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In like inanner the conception of the costals as »genital plates» on a closer in-

spection ceases to be teiiable. Subsequeritly to the appearance externally, in the young

Echinid, of the madreporic filter, when the reproductive glands approach inatnrity,

their efiferent ducts penetrate from within the costals, and, in the adult state of the

great majority of species, a sexual pore is found in each of these. To this there are

but rare exceptions, such as Goniopygus, but in the Clypeastridaä not a few forms have

their sexual apertures outside the costals, in the respective interradia '). In the En-

docyclic Gnathostomes all the five costals are perforated, but four only in the earliest

among the Exocyclic, in Pygaster, the fifth having disappeared along with the costal

5, at the outbreak of the periproct. And, thougb in Oolitic species of Holectypus

the costal is restored, it is not until in the Cretaceous era that its pore reappears ^),

just as in DiRcoidea, of early Cretaceous oi^igin, it reverts only in the Turonian time,

—

and this is the last instance known of its reinstatement, for among the Echinoneidaj

and Cassidulidfe it never reappears. In these last-named the four sexual pores are far

asunder, owing to the central expansion of the madreporite, they are drawn near to-

gether laterally in the narrowed and lengthened calycinal system of the Gollyrites and

in the Meridosternous Spatangi, such as Anancites, Hemipneustes and others, and they

are squared again in the shortened system af the Amphisternous Ethraophracti. In the

Spatangida; Ethmolysii, also, four is their normal number. In some cases, for instance

in Spatangus purpureus, they seem to make their appearance very irregularly, all four

being present in a specimen of the stage mm. 1-5 : 14, Pl. XVIII, fig. 213, but wanting

in another of mm. 16:15, Jig. 214, almost so even at mm. 19 : 18, _/?(/. 216, highly

developed at mm. 23 : 22, fig. 218, while the two anterior are only indicated in a spe-

cimen of mm. 24:21.
fig. 217,—anomalies that possibly are apparent only, and may

depend upon difference of sex. During the growth, also, one or even two of the pores are

liable to give way in the struggle against the madreporite. In the costal 2, the old

site of the filter, this not seldom prevails and causes the sexual pore to abort, some-

times accidentally, as in Brissopsis lyrifera, Pl. XIX, fig. 229, but regularly in certain

species of Schizaster, as Sch. fragilis D. & K. 'j, Sch. Moseleyi Al. Ag., in Tripylus,

and in Abatus cavernosus Phil., Pl. XVIII, fig. 220. In Abatus Philippii n. ^), in

Moira atropos Lamk., and in some other species of Schizaster, as Sch. canaliferus Lamk.,

Sch. jiiponicus Al. Ag., it has disappeared in the costal 3 also. But among the Spa-

tangidge the sexual organs are never deprived of their outlets in the costals 1 or 4

Thus the madreporite, with its internal apparatus of cavities, passages and ca-

nals combined into a solid calcified structure, by its expansion and regressive move-

ment determines, in the Spatangida3, the closing up of one or raore of the sexual

openings, and constantly that of the costal 5. In earlier types, when this same costal,

uppressed for a time in consequence of the retrograde passage of the excretory ori-

^) Études, p. 80, Pl. XVI, fig. 136. Ib. p. 69. Cotte.iu Pekon et Gauthiee, Échinides de TAlgérie, V,

p. 223, Pl. XVI, fig. 1—12.
^) See above, woodcut p. 68.

^) Études, pl. XII, fitf. 102. In Sch. gibberulus Ag. all four sexual pores are present.

') Ib. pl. XI, fig. 99.
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ficc, bad reappeared again, the corresponding sexual gland also, in the course of sub-

sequent ages, was seen, in some forras, to recover its outlet. Tbis could not have

taken place, bad not tbe sexual gland, tbougb checked in its development, and kept

back in a rudimentary state, continued, during a genetic succession of forras, its dormant

life, ready to begin its work whenever tbe repressing inHuence should bave passed.

In tbe Etbraolysic Spatangida3, as long as tbe raadreporite is crowding its pores in

tbe restored costal 5, tbere is no chance for a sexual outlet; but,—assumed tbat its

raoveraent across the old boundary is in earnest the beginning of a migration,—if a

förra should be discovered anj^wbere, in wbich this raigi^ation were accoraplished, and

the raadreporite settled, as a wbole, in the interradiura 5, it will be a great point to

look for the return of the sexual outlet. Meanwhile the problem is near at hand of

deraonstrating the bidden existence of tbe fiftb sexual gland, in a still erabryonic con-

dition abiding its time.
,

Organs of vision,—in tbe wbole animal kingdom seen to corae forward at places

of commanding situation, irrespectively of morpbological relations— , appear to be for-

eign to Crinoidean organisation. In tbe Asteriadea, on tbe other hand, tbeir existence

bas been proved beyond any doubt by Ehkenberg, tbeir discoverer, by Hackel, Greeff

and others. A group of crystalline cones surrounded by pigment is seen at the extrera-

ity of eacb ambulacrum, and, connected with it aborally, a finger-sbaped tentacle,

both sheltered under the radial, wbich bas been reraoved from its original site in the

axillary angle between two costals, by the interposition of the largely developed peri-

sorae ^). In the Echinoidea organs apparently identical, but not yet properly studied,

are seen in corresponding places, eacb of the tive radials presenting a pore serving

as an orbit to the eye "), and close över it a siraple tentacle. Tbere both these organs

appear very early, even before the madreporic filter, and the tentacle perbaps before the

eye, Pl. XIV, fig. 164, 164 A, and tbere they are found, out of the field of contest,

— for tbe madreporic filter scarcely ever attains tbe radials— , in forras geologically

old and new, with a tenacity recalling tbat of tbe eyes of the Podopbthalraous

Crustacea, wbich maintain so invariably tbeir station at tbe top of the appendages of

the first soraite, arrested in their developraent. When in tbe Collyrites ^) tbe bivium

is severed frora the calycinal system through the interposition of the enlarged inter-

radia 1 and 4, the radials I and V adbere to tbe respective ambulacra, on tbe insides

of wbich tbe nerves descend frora tbe central collar to the eyes.

These are the two principal forms of the calycinal system prevalent in the great

majority of the Spatangidaa : the Ethmopbracti and tbe Ethraolysii. A third raodifica-

tion is of raucb less frequent occurrence. Palajotropus *), Avbich by its general outline,

its ambulacra all apetalous, sirailar and level with tbe perisorae, in some degree re-

1) Études p. 86, pl. LIII, fig. 256—260.

-) Ib. p. 66, pl. XI, XII, XV, XVI, XVII, XIX, XXI.

3) Ib. pl. XI, fig. 98.

") Ib. p. 17, pl. XIII, fig. 108—113; XII, 105; XXXII, 200.
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calls certain ancient types, and at the same time is so like its contemporaries in the

structure of the peristorne, the sternmn, and the episternum traversed by the subanal

fasciola, as also in the regular heteronomy of 1, a, presents a calycinal system, Pl.

XVII, jig. 208, of a nearly pentagonal outline, iu Avhich the radials are distinct, the

I and V being widely separated, while the costals are all coalesced into one piece

devoid of sutures, and in which the madreporite opens anteriorly in the middle by

a small lissure and some pores, while the genital ducts are only two, having their

outlets at the tops of tAvo large tubular eminences placed transversely against the in-

terradia 1 and 4.

Palffiostoma mirabile Gray, PL XVI, deviates in a stränge manner from nearly all

the rest of the Spatangidse '), by the fusion into one singie plate of the second plates

of- the interradia 2, 3, 4, the heteronomy of 1 being effected through the union of the

plates a 2, b 2 and b 3; by the very irregular interradium 5, and by the pentagonal

peristorne Avith its tive valves, and from Palteotropus in particular, by its distinct pet-

als and by the absence of a subanal, the presence of a peripetalous fasciola. But

Avith all this, Palseostoma offers a calycinal system evidently constructed upon the same

model as in that genus, jig. 184, 190, vJiXh the fiA^e radials distinct, the I and V Avidely

separated, and out of the costals the 3 alone defined by a suture, all the rest being

coalesced into one piece; Avith the madreporic filter represented, in the young speci-

niens examined, by a fcAv punctures placed before the middle, and Avith the two huge

sexual outlets, mammiform and prominent, occupying a considei'able portion of the

system, and placed transversely against the interradials 1 and 4, so as to prevent the

retrograde passage of the madreporite. These tAvo genera, Palasotropus and Palajostoma,

are, therefoi'e, in a general sense Ethmophracti, but after a peculiar manner, entirely

different from that Avhich characterises the older Spatangidse comprised under this

appellation. They may be called Perissogonea ^). There is not in any other genus of the

Echinoidea, recent and fossil, anything strictly comparable to this structure. In some

points it recalls Avhat is seen among the Exocyclic Gnathostomes and the earlier Ate-

leostomes. The radials I and V are kept asunder by the interposition of the costal

5, and the madreporite spreads its pores över the entire central area, Avithout any

tendency to move backwards or out of the calycinal system. Thus it is in Holectypus

and Discoidea ^), of Oolitic origin, in most of the Cretaceous Echinoconi, in the re-

cent Cassidulida3 ''), in the Clypeastridaä "), of Tertiary origin. In these tAvo last the su-

tures have a tendency to be obliterated. But in all of them the sexual pores are five

or four in number, and placed against their respective interradia, into Avhich they not

seldom are transferred.

1) Études, p. 12, 50, Pl. XII, lig. 103, 104; XXXII, fiir. 197— 199. — A fossil species of tliis genus,

from the Nummulitic strata of Western Sind, has been described as Hemiaster elongatus Duncan and

Släden, Mem. Geol. Snrv. India, Tert. etc. Ser. XIV; Vol. I, 3, p. 78, pl. XIX, fig. 7— 15. Calcutta 1882.

^) UsQlsgös, exoessive, l'ovrj, generative organ.

3) Études, p. 81, pl. XV, fig. 133, 132.

') Ib., fig. 130.

5) Ib., pl. XVI, fig. 135—139.
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The falycinal system of the Pourtalesiadaj is rnuch more anomalous, and at tlio

same tijae not a little unscttled. In the specimen of Pourtalesia Jeffreysi, Pl. I,fig- /,

the calycinal system is brought out of contact with the interradia 1 and 4 throuoli

the interjacence of the detached plates of 5. Its general form is that of an irregular

pentagon. Its constituents are all coalesced into one piece, the madreporal filter spread-

ing its pores över its central forepart. The radials are not to be distinguished. The

four sexual apertures are displaced, not answering to tlieir respective interradia, raoved

for^vard, those of 2 and 3 being near the ambulacrum III, and those of 1 and 4 almost

opposite the II and IV. Another specimen, PL V, fig. 27, 2&\ 29, not very different

from the first, has the madreporic filter occupying the hinder part of the central space,

the anterior pair of sexual pores nearly answering to the interradials 2 and 3, the

posterior being pressed forward so as to front the ambulacra II and IV. An impres-

sion, not unlike an orbit, near the end of ambulacrum III, fig. 2,9, possibly indicates

the existence of a radial. In a third specimen. Pl. V, jig. 25, 26, the disordered con-

dition of the system is still raore obvious. The costals 1 and 4, separated from the

rest by distinct sutures, adjoin the ambulacra II and IV, and are driven widely apart

by an advanced plate of 5.

In Pourtalesia laguncula, Pl. VII, jig. 52, much the same holds good. There are

no ti'accs of radials. The costals 1 and 4, bounded by distinct sutures, adjoin the

ambulacra II and IV, the costal 1 being partly in contact with the interradial 1 h,

there being only one advanced plate of 5, and that intervening between the costal 4

and the interradial 4 a. The sexual pores of the costals 2 and 3 nearly answer to

their respective interradia. The madreporic filter occupies the central space.

In Pourtalesia ceratopyga, Pl. VII, jig. 51, the water-filter spreads över the greater

portion of the system, partly to its outermost margins. The costal 1 is completely

united to the rest, but on the left side the costal 4 is wholly separated, by the inter-

position of three plates detached from the interradium 5, and both costals adjoin the

ambulacra II and IV, while the hind margin of the system is contiguous to the inter-

radials 1 b and 4 a. The biviary ambulacra I and V, as in the foregoing species,

terminate dorsally far apart from the calyx, and without any trace of radials.

The calycinal system of Echinocrepis cuneata, Pl. VII, fig. 54, is an irregnlar

pentagon. The madreporite spreads nearly över the whole, excepting the costals 1, 3

and 4, which are however completely united to the rest, provided Avith sexual pores

and not much displaced. The costal 2 is completely invaded by the filter, some of

whose pores are seen on its very edge, even in the suture. The radials II, III, IV

are absent, but the I and V very distinct, of a fair size, pentagonally lengthened, con-

tiguous to each other as in the Ethmophract Spatangi, and to the terminations of the

ambulacra I and V. They seem to bear eye-spots.

Thus in Echinocrepis the calycinal system still presents somewhat of a Spatangoid

character, such as this is exhibited by Palaäotropus and Palasostoma, in the dispo-

sition of the water-pores and the obliteration of the sutures, while, at the same time,

another feature peculiar to the older members of the group '), the contiguity of the

^) Comp. Echinocouus coiiicus, Etudes, Pl. XV, fig. 134.
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radials I and V, again presents itself. It is in Pourtalesia Jeffreysi, P. laguncula, P.

ceratopyga that the disordei"ed and nnsettled condition of the system is brought to a

degree not reached in any other Echinoid, recent or fossil. The smallness and irregu-

lar outline of the Avhole, the frequently total obliteration of the sutures, the abortiori

of the radials, the displacement of the costals 1 and 4, consequent upon the general

forward movemerit of the parts, and accorapanied, no doubt, internally by a displace-

ment of the sexual organs, the severance of one of the costals, and the abnormal con-

tiguity of 1 and 4 to the terminations of the paired trivious ambulacra, otherwise the

legitimate site of the radials, all these more or less abnormal features are as many
signs of appi'oaching rnin. During the long range of geological time that lies between

the Triassic Tiarechinus with its ancestral, large, and regularly radiated calycinal sy-

stem, and Pourtalesia with that same system degraded, shrunk, and dismembered, the

evolutional process is marked by the successive appearance of forms unseen before,

each bearing in the condition of the calyx the criterion of its geological age. The

large, regular and intact calyx of the Endocyclic forms, with five costals and five radi-

als equally balanced, points back to the earliest aspect of Mesozoic, and even Palaeo-

zoic life, when their joint-heirs, the Pala^o-Crinoidea, were in existence; the Exocyclic

system, broken up posteriorly by the egress of the excretory opening, to Oolitic time;

and, among the Spatangidas, the Ethinophract system, of four costals, with the 1 and

4, and the radials I and V, or these last alone, closing from either side, is a badge

of seniority, as the other one, the Ethmolysic, with the restored costal 5 separating

the I and V, and the madreporite retrograding, is a sign of juniority. Futnre re-

searches will decide whether we should be right in seeing in the dissolving calyx of the

Pourtalesia3 an indication of a still låter origin.

These, I believe, are some of the leading features in the history of the calycinal

system, as one of the constituents of the Echinoidean skeleton. A large and powerful

structure, closely specialised for a function of fundamental importance in the economy

of some remote ancestral type, is inherited, in an e&v\j state, by a descendant in which,

from a total change in the mode of life, the very purpose no longer exists for which

it was originally contrived, and to wliich its parts were adapted. It long retains certain

marked features which even to this day reveal its origin, but—inilike its Crinoidean

sister- structure Avhich, with functions unaltered, multiplies its components—it remains

simple as from the beginning, and, superfluous as it has become, gradually declines in

intrinsic vigour, and is given up to subserving activities that had no share in its pre-

vious existence. Invaded by contendiug organs and yielding to their various ten-

dencies, it has its parts deeply modified and even to some degree suppressed, and, al-

though still true to its type, and asserting, so to say, its unimpaired independence by

redintegi^ating its injured frame, it dwindles> iievertheless from age to age in every

succeeding form, and is seen to fall into decaj^ and dismemberment, and to lose one

by one its characteristics, till at last little remains of its original constitution.

K. Sv. Vet.-4kad. Handl. Bd. IR. N:o 7. 11
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V. THE POURTALESIAD^.

Tlie cbavacteristics of tlieir skeletoii. Tliey constitute a distinct faraily equivaleiit to tliat of tlie Spa-

tangidit! aud the Cassidiilid;ie. Tlieir geographical and batliyraetrical distribution.

Eight species comprised in the genus Pourtalesia, one Echinocrepis and one

Spatagocystis. make the whole of what is known at present of the little group discuss-

ed in the foregoing pages with regard to its skeletal morphology. It remains to

exposé its characteristics in a comprehensive form, and to determine its systematic

position. In this attempt I feel all the inconvenience of being able to speak, from

immediate observation, of but a single species in an entire condition, of three others

in a fragmentary state only, and of having had before me no specimen at all of Spatago-

cystis. It so happens, moreover, that Pourtalesia Jeffreysi, the only species examined

with some degree of completeness, appears to be, in certain respects, of a more advan-

ced character than the rest, and therefore, as being less in harmony with their mode
of conformation, perhaps not rightly to be regarded as embodying the typical features

of the group. However, notwithstanding these shortcomings, and with the reservation

therein implied, and calling to mind that this is not the first occasion, nor will be

the last, when a species that chances to be the most familiar to us, is put forward

as the type of its kind, I venture on the following description, with Pourtalesia Jeff-

reysi in the foreground.

The general form of the skeleton of the Pourtalesiadse is more lengthened than

that of most other Neonomous Echinoids, sub-cylindroid or ob-conical; anteriorly more

or less truncate, soraetimes broad; in the middle slightly tumid; posteriorly tapering;

dorsally convex, sometimes even raised into a hump; ventrally rather flat. Below

the slightly overhanging front the forepart is invaginated into the peritoneal cavity,

so as to form a deep infra-frontal recess, a rudimentary mouth and buccal cavity, open-

ing anteriorly and ventrally, having at its bottom the peristome, — a disposition

unexampled anywhere else in the whole class, an incipient feature approximating to

what obtains in worms. Posteriorly the body, in most of the species, terminates in a

caudal prolongation, and then the periproct is subdorsal, as among the Cassidulida?,

or at least posterior; in one species, Echinocrepis cuneata, the body is simply pointed

behind and the peripi'oct subventral. The stomatoproctic axis is nearly parallel to

the ventral plane.

The bilateral symmetry of the constituent elements is highly developed, while, at

the same time, the dorsal side contrasts with the ventral in a strongly marked man-

ner. In these points the Pourtalesiadas depart from the Archajonomous type more

widely than any other group.

The three skeletal systems, forming together an unbroken surface, are all pre-

sent, in different states of development: the perisomatic system predominates; the

ambulacral presents its five rays, while the calycinal system is seen to lose its character,

and to verge upon decay.
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TliG ambulacrum III witli tlie interradia 2 and 3 coiistitutc tlic shorlcned and

blunted front part. Tliey are of a relatively small size, normal in outlint;, adorally

involuted and elevated above the ventral level, and thus, contrary to what obtains

even in the majoritj' of the Spatangidiu, excluded from touching the ground. The
paired ambulacra II and IV, with the interradia 1 and 4, combine to form the leng-

thened middle part, the ventral surface, wholly post-oral and making nearly the half part

of the total length. They are expanded and more or less anomalous in outline, and

so is the biviuni, which, along with the odd interradium 5, makes up the abdominal

portion of the body. Thus far the Pourtalesiada3 upon the whole resemble the Spa-

tangida?, but, at the same time, present an aniount of peculiar modification unparalleled

araong even the most advanced of these.

The peristome is built up solely of the tirst plates of III a b, 2 b, 3 a and 5,

involuted and raised above the ventral plane. It is upright, nearly vertical to the ven-

tral surface, and the oesophageal opening a longitudinal slit in the buccal raembrane. The

II and IV, having their first plates excluded from the peristome, attain the calycinal system

with the terminal plates of their continuously double series. The bivious ambulacra, I and V,

are dismembered; in each of them the first plates, notreceived into the peristome, are unitcd

into one single plate, and the two compound plates thus formed, by being contiguous to

each other and to the plates \\ a 1, 2 and IV 6 1, 2, intervene between the labrum and the

interradia 1 and 4, while they themselves are aborally widely separated from I, 2 and

V 2, which, like the following, are double, their continuous series embracing the sternum

and episternum, 5, 2, 3, filling with their plates \ a 4 and Y b 4 the episternal angle,

surrounding with I 5, 6, 7 and V ö, 6', 7 the periproctal region, and forming the

flanks of the abdomen, but dorsally not reaching the calycinal system.

This breach of continuity in the ambulacra I and V, without parallel in the

whole class, is seen only in Pourtalcsia Jeffreysi, P. laguncula, and Spatagocystis Chal-

lengeri. It is brought about by the interradia 1 and 4, which close together ven-

trally from either side and meet again dorsally, forming, between I, 1 and V, ,i and

II and IV, anteriorly, and I and V posteriorly, a broad, unbroken, vertical ring all

around the middle of the body, a structure unexampled among Echinoidea, and, coni-

bined with the rudimental buccal cavity, expressive of a tendency towards an annu-

lose differentiation, latent, or but faintly developed elsewhere among Neonomous forms.

But, as said above, a few only of the species present this striking peculiarity. In

Pourtalesia carinata, P. ceratopyga, Echinocrepis cuneata, the interradia 1 and 4 do

not join ventrally in the middle, and consequently do not form a continuous ring.

Dorsally they meet together from either side in P. carinata and P. ceratopyga, but in

Echinocrepis they are separated by the ambulacra I and V, almost as in the Spatangidas.

The heteronomy of the interradium 1, so eminently characteristic of the Spatan-

gidse, and particularlj;' of their låter forms, is distinctly maintained, at least in Pour-

talesia Jeffreysi and P. laguncula, but wholly transferred to 1 b, its formula having

become lb2-\-3 = 4a2: åaS.
The obliquity indicating an imaginary discordant axis aco, IV— 1, and manifested,

throughout the whole class, in the disposition of the ambulacral plates of the peristome,
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is fiilly nuiiiitiiiiicd iii uin' spccics uiily, Pourtalesia carinata, but discardod in 1*. Jeff-

reysi, F. lagiincula, P. ccratopyga and Echinocrcpis cuiieata, in wliich tlie tirst plate

of tbe JIl, Luii-[)Oi'ous in a, bi-porous in b, alone presents a rcmnant of the otlier-

wise universal formula, while the Hrst plates of the paired anibulacra II and IV, I and

V, are all syuunetrical on either side of the mesial line, thus conforraing tothegrovv-

ing tendency towards a strict bilaterality, and a gradually more deeidcd eontrast be-

tween the ventral side and tlie dorsal.

The posterior interradium, 5, is dismenibered in Pourtalesia Jetfreysi, P. lagun-

cula and Spatagocystis. Ventrally the i of I and V, the / of 1 and 4, and the 2 of

I and V, are interposed between 5, 1, the labrum, and 5, 2, the sternuni. In P. cari-

nata, perhaps also in P. ceratopyga and in Echinocrepis cuneata, the labrum is conti-

guous to the sternuin. In P. Jeffreysi the labrum is very minute, in the rest of species

observed large and expanding aborally. The sternuin is all of one piece in P. Jeffreysi,

the plates a 2 and 6 2 having coalesced, while in P. carinata they appear to be se-

parate. It is followed in P. Jeffreysi by the regular double Spatangean episternum,

5 a 3, 5 b 3, the pre-anals 5 a 4—6, 5 6 4— 6, the expanded periproctal series, 5 a

7

—

O, 5 b 7—.'/, and by the dorsal sequence of plates gradually narrowing, and in P.

Jeffreysi, P. laguncula, P. earinata, P. ceratopyga, and Spatagocystis, reaching the

calycinal system, but by ineans of detached pairs of plates only, enclaves between the

1 and 4, where these close mesially, thus distantly recalling Collyrites.

The calycinal system, somewhat Spatangean in Echinocrepis by the radials I and

V being distinct, contiguous and closing, and the sexual pore of the costal 2 abortive,

in the other species, at least in Pourtalesia Jeffreysi, P. laguncula, P. ceratopyga, is

subject to a degree of degeneration seen nowhere else. Its outline is irregular, the

sutures obliterated to an extent unknown elsewhere, the radials have disappeared, and,

while there is no trace of a restored costal 5, the 1 and 4 are displaced forward

nearly beyoncl the anibulacra II and IV, and the costal 4 even occasionally severed

from the system by detached plates of the lifth interradium; and while thus the struc-

tural consistency of the system is giving way, its relative size is reduced, and it is

drawn forward and widely removed from the bivious ambulacra.

Alone — with the Echinoneida^ — among the whole of the Neonomous Echi-

rioids, the Pourtalesiadas are homoiopodous. The pedicels, all ambulacral, are uniform,

simple, not disciferous, none of them formed into branchial leaflets, the sub-oral

and upper frontal pedicels larger than the rest, which are very minute.

The spherids are uncovered, more various in number than usual, but always

stationed exclusively on a restiicted part of the sub-labial region, on the first plates

of the ambulacra I, II, IV, V, and absent on the frontal, III, — a cliaracteristic Avithout

parallel.

The single fasciola present is sub-anal, but holds not the same relation to the

plates of the bivium, as in the Prymnodesmic Spatangidte. In one species it aborts.

The spines are Spatangean, partly curved and oar-like, partly almost straight,

all rather slender, not cfowded, except on the sternum and on the palate ofthebuccal

cavity.
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These ai"c the leacliiig features that cliaracterisc the skcluton of tlic Pourtalesiadas.

They combine to make them eminently Neoiioinous, and diflercnt from the oldest of

these, the Echinoneida;. With the Cassidulida3, of Oolitic origii), they have in com-
mon the caudal prolongation, the structure of the proctal part, and, in some degree,

the simple form of the pedicels. With the higher Spatangidaa, the Prymnodesmians,

they share in the abdominal lengthening of the body, the forward position of tlie

oesophageal opening, the heteronomy of the interradiura 1, the steriium and epister-

num, the fasciola, the form of the spines. They fail to attain the high standard of

the Spatangidai by the frequent abortion of the organs of vision, by the pedicels uni-

formly simple, not specialised into tactual, prehensile, branchial organs distributed on

differently modified parts of the ambulacra. The line of modification followed by their

special development goes in another direction, indicated by the cylindroid form of the

body, the forward position and the degradation of the calycinal system, the incipient

feature of a rudimentary moutli and buccal cavity, with the oesophageal opening and

the peristome vertical, by the peristomal part of the frontal ambulacrum and the in-

terradials 2 b 1 and o a 1 being raised above the ventral plaile and out of contact

with the ground; by the contrast between the dorsal and ventral segment heightened by

this disposition as, also, by the entire set of spherids and the larger pedicels being station-

ed on the sub-labial area; by the symmetrical disposition of the parts on either side

thus being to a certain degTce realised, almost to the disappearance of an othei'wise

universal obliquity indicating the existence of an axis «w, IV— 1; by the annular dis-

position of the interradia 1 and 4, forming a closed ring all around the middleofthe

body, and, as a consequence, the dismemberment and backward transposition of the

fettered hind-limbs, the ambulacra I and V. These are characters in the Pourtale-

siadte, pointing, though remotely, towards animal forms of another and higher type,

animals of annulose differentiation. The sum of these features, those shared with

other groups as wcll as those in which they stånd alone, demand the creation for

them of a distinct family, systematically equivalent to that of the Cassidulida3 and the

Spatangidaj: the POURTALESiADiE.

Geographically the Pourtalesiadaj are distributed över the whole of the oceans.

P. Jeffrej^si seems to belong to the Norwegian Sea, having been found by the Porcu-

pine halfway between FaBröe and Shetland, and by the naturalists of the Vöringen at

Lat. 63° 6' N., long. 1° 20' W.; Lat. 63° 10' N., long. 5° E.; Lat. 67° 20' N., long. 9°

E. P. miranda was dredged by de pourtalÉs and by the Blake in the Straits of Florida.

P. phiale was first found by the Porcupine in the Rockall Channel, then again in the

Antarctic Sea, by the Challenger. P. laguncula and P. rosea are from the Pacific; P.

hispida, P. cei^atopyga and P. carinata Antarctic, the two last reaching the coast of

Chile. Echinocrepis cuneata and Spatagocystis Challengeri are Antarctic.

Bathymetrically the Pourtalesiada^ have been found at depths from 442 to 5300

metres, the average depth being 2900 m. Seven species were met with from this point

and downwards, in Globigerina ooze, grey ooze, and red clay: Pourtalesia phiale, two

habitats, mean depth 2900 metres; P. hispida, two habitats m. d. 3300 m.; P. carinata
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threc liiibitiits, lu. d. 3500 m.; P. cei'atopyjL>;a, tliree habitats, m. cl. 3800 iii.; P. rosea

at 4750 ui. ; Ecliiiiocropis cuiieata at 2900 m.; Spatagocystis Challeugcri, two liabitats,

Mj. d. 3250 m., tlic inediuui of tlieir average dcpths being 3800 inctrcs. Above tlic gene-

ral medium deptli of 2900 inetres and up to 442 m., from the Globigeriria ooze to

the saiidy mud mixed witli pebbles, were found two species: Pourtalesia Jeflreysi, in

foLir habitats, at a mean depth of 1300 metres; P. rairanda, two habitats, m. d. 1200

m.; and one species alone, Pourtalesia laguncula, from 630 m., sandy mud, 5° C,
down to 5303 m., red clay, 1° C, in five habitats, mean depth 3000 metres. At one

localit}', in the Antaretic ocean, half-way between the Cape and Kerguelen Island, at

a depth 2926 m., four species were found living together at one locality, Pourtalesia

hispida, P. carinata, Echinocrepis cuneata, Spatagocystis Challengeri; half-way between

Kerguelen Island and South Australia, in one locality, depth 3576 m., three species, P.

ceratopyga, P. carinata, Sp. Challengeri were found with one another; two species, P.

phiale and P. hispida not far from there, at more tlian 62° S., depth 3611 m.; and

two others, P. cei'atopyga and P. carinata near the coast of Chile, at 4069 lu. The
rest were found singie.

Thus, as far as our present knowledge goes, three species are Atlantic, and one

of these also Antaretic; two were found in the Pacific and five in the Antaretic Sea;

and of the ten species hitherto known none comes nearer to the surfaee than by 442

metres, while two descend to 1000 and to 2000 m., one to near 3000 m., three to

between 3000 and 4000 m., three to between 4000 and 5000 m., and one to beyond

5000 metres.

The littoral region comprises the favoured zones of the sea, where light and

shade, a genial temperature, currents changeable in power and direction, a rich vegeta-

tion spread över extensive areas, abundance of food, of prey to allure, of enemies to

withstand or to evade, represent an infinitude of agents competent to call into play the

tendencies to vary, definite in kind and limited in number, which are embodied in each

species, and always ready by modifying its parts to respond to the influences of external

conditions. In this region the great majority of marine forms are at home, of the Echi-

noidea all the highest types, the Cidarida3, Echinida?, Clypeastrida?, Echinoneidte, Cassi-

dulida? and the Spatangidtc, Prymnadete and Prymnodesmian, and there live, with rare

exceptions, the recent representatives of the fossil types of preceding geological periods.

But not one among the known living species, not a singie fossil*) among the multitu-

des imbedded in the sediments of former seas, had suggested the possibility of a

combination of characters like that realised in the Pourtalesiada3, and science was not

aware of its existence, until, a few years ago, dredge and trawl descended into the

väst regions of the great clepths, where life eudures on härd terms, far beyond the

') Al. Agassiz, in the list of known recent species, llep. Cliall. Echinoidea, p. 208, doubtingly adduces

as possibly a Tertiavy representative of the Pourtalesiadfe, the fraument described by Edw. Eorbes as

Echinarachuius Woodii, Echinoderraata of the British Tertiaries, Palieontographical Society, 1852, p. 12,

pl. II, tig. 6 a, 6 b. Professor P. JErFREY Bell has had the kindness to examine for me the original

specimeu of Eorbes, now in tlie British Museum. There seeras to be no reason whatever for regarding

it as having being part of something like a Pourtalesia. I arrived at the same concliision from the in-

spection of another fragment, also from Crag, lent me by Mr Eobert Bell, Chiswick.
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furthermost Kmits of solar light and of vegetation, in stillness and cold all bnt un-

varied, and Aviiere much of the available nutriment is contained in the sediment that

sparingly and slowly sinks down from the richer zones. Such are the abysses where

the Pourtalesiada3 have to lead their simple life, nnapproached by raany ofthepower-

ful agents at work above, and well may it be alloAvable to surmise that the very poor-

ness of the conditions surrounding them, while leaving unawakened, and thus elimina-

ting a variety of tendencies forcibly active in the inhabitants of more favoured regions,

has set free one deep-seated tendency, all but dormant in them, the one towards a

structural differentiation typical of a higher and different order, of the Annulate

Animals.

The Pourtalesiadce are not alone among Echinoids to impart a peculiar aspect

to the abyssal fauna. Like them the Phormosomas are eminently deep-sea forms, the

ten species found by the Porcupine, the Challenger, the Blake and the Knight Errant

ranging from 219 metres to 5030 m., the average depth of the genus being 2625 metres.

In five out of the eleven Challenger stations where Pourtalesiadas Avere dredged, they

were found associated vvith Phormosomas. Higher up these are represented by species

of Asthenosoma.

As, among land animals and those of the sea that live near the shore, certain

types, properly belonging to and richly varied within the tropics, are found represented

in our temperate and even cold regions by one or the other of their forms, perhaps

somewhat modified, but still recognisable, thus also in the oceans, in a bathyraetrical

sense, certain types, properly littoral and highly developed in the favoured zones of

light, have outposts in the dark depths, sharing with true abyssal forms their reduced

conditions of existence.

In the adult state most of marine Evertebrates remain at their native station,

wandering within its precincts. Their embryonic and larval age is their period

of dispersal. Of numerous littoral forms, of different classes, tribes and orders,

currents must occasionally carry aAvay the free swimming larvag from the vicinity

of land far into the sea, and during the course of succeeding generations early

stages of many a species will in this way have reached the wide ocean. There they

will have sunk, their development accoraplished, all through depths full of dangers

and more and more ungenial, and a few of them will have settled on the bottom of

the abyss, and fewer still will have come to thrive there. Among these some will have

long retained their original character, and but slowl}^ been modified, while others will

have exhibited a latitude of variation unknown or rarely seen where they came from,

but upon the whole there will be reasons for assuming the less altered forms to be

newcomers, the more deviating to be old inhabitants of the deep. At present it is

too early to enter into these questions, — when the whole of the materials now on

corapetent hands shall have been worked ont, and a general view of the facts obtained,

the time will have arrived for knowing, whether the abyssal fauna may be derivable,

in the way mentioned, as a Avhole, froin the fauna of the littoral region, as from

its original stock, both being recent and coeval, though widely separated, or, in part,

from littoral forms no more existing, but fossil not far off. The results then arrived
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at Avill pevhaps eome to thvow soiiic light upon the relations of certain fossil foi'ms

iiow regarded as characteristic of separate geological periods.

Araong Archasonoinous genera, Goniocidaris, Aspidodiaderaa, Echinus are repre-

sented within the deep-sea habitats of the Pourtalesiada?, and along with them a few

littoral Spatangidas. Ainong the Prymnodesmians Kleinia, Maretia, Cionobrissus de-

scend to associate with Poui-talesia laguncula at depths of 630 and 1460 metres, and

well-known species of Brissopsis, Echinocardium, Spatangus, and a species of Maero-

pneustes, werc brought up from considerable depths by the Challenger and the Blake,

as also some genera and species unknown before. Linopneustes Murrayi Al. Ag. '),

found to live at 630 m. with Pourtalesia laguncula, has the elongated labriim and

short, angulate steimum of Mai'etia planulata, its episternum, its broad and naked

venti'al bivium with the three extended subanal plates, the same form of the plate 1

and 2-1-5 of the interradium 1, but its whole body is more convex, not so much ta-

pering posteriorly, the petals, level with the pei-isome, are more open and gradually

narrowing upward, and there is a narrow, peripetalous, peripheral fasciola of only

three or four minute tubercles in the transverse row. The two species of Homolampas "),

from 60 to 4500 metres, according to the figures and descriptions given by Al. Agas-

siz, also come near to Maretia, but the gradually narrowing petals are still more open,

their plates are much longer in relation to the breadth, and their pores are minute

and placed diagonally. Argopatagus Al. Ag. ''), an associate of Pourtalesia laguncula

at 1460 metres, to all appearance is not remotely akin to the foregoing, but apeta-

lous, the dorsal ambulacral plates being nearly equilateral hexagons with the pores al-

most central. Pala3otropus *), which lives in depths from 150 to 686 metres, is emi-

nently apetalous.

Among the Prymnadetes the ancient Ethmophract genus Hemiaster descends from

300 to 1463 metres, and there joins Pourtalesia laguncula. The Ethmolysians are

represented by two very remarkable forms of the group of Schizaster.

Aceste bellidifei'a Wyv. Thoms. °) appears to be a true deep-sea form, its habi-

tats being at 3500 and 5000 metres, the last shared with Pourtalesia rosea. Thanks

to Mr John Murray I can give, from actual observation, a description of its skeleton,

Pl. XX. The pedicels have been described above, j9. 53, Pl. X, fig. 96—98. In the

dorsal aspect the outline of the body is ob-cordate, frontally drawn in so as to form

a deep sinus, continuous with the large, bi'oadly lanceolate depression that occupies

the middle part of the anterior slope. The dorsal surface gradually rises backward to

far beyond the middle; then the calycinal system, for a small apical space, is horizon-

tal, the part behind it declining into the almost abruptly vei'tical, high, nearly flat, ellip-

tical anal surface. The ventral side, level along the middle line, posteriorly suddenly

bends upward at the suture between the stei"num and the episternum ; latei'ally it

') Eep. Chall. Ecliin., p. 167, pl. XXV, XXV b.

"-) Ib., p. 164, pl. XXIV.
3) Ib. p. 160, pl. XXII, fi^. 1—G.

^) Études, pl. XXXII, fio-. 200.
'") Voy. Challenger, I, p." 376. — Al. Ag., Rep. Chall. Eohin., p. 195, pl. XXXIL fig. 7— 11, XXXIII, a,

lig. 1—7.
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graduolly passes iiito the rounded flanks. These general features are those of Schizaster

canaliferus, the frontal sinus tliat of Sch. fragilis. — The perisouie, iipon t,he whole

disposed like that of Schizaster ^), is in soine points considerably modified. The in-

terradials 2 and 3, which, as in that genus, form the ridge bounding on either side the

great dorso-frontal depression, enter the peristome, as normal, each with a singie small

plate, foUowed by a pair of larger ones, of which the outer one is broad, the inner

narrow. Then come, in 2 a and 3 b, two fair-sized plates, and a terminal row of

eleven or tAvelve very minute plates, that look as if coalescent into three or four

slender and compressed, articulated plates, making the very top of the ridge. The 2

b and 3 a, of nearly equal hreadth throughout, Avith the last four or five plates leng-

thened, form the inner slope of the ridge, adjoining the frontal ambulacrum. The in-

terradia 1 and 4 are very much as in Schizaster canaliferus, Sch. japonicus and Sch.

fragilis, the plate 1 being subtriangular and internally extended so as to reach the 2,

while in 1 a the heteronomy is effected by the union of 2 and 3 into a singie plate.

In the interradium 5 the labrum is someAvhat longer than in Schizaster or Moira. The

sternum is less broad, the episternal angle distinct, the abdominal a plates a little be-

hind the b plates, the periproct being formed by b 5, 6, 7, a 4, 5, 6-, the anal mem-
brane, jig. 236, covered Avith rounded scales, has the excretoi'y opening someAvhat above

the centre. — In the ambulacral system the III, sunk in the large and open depression

of the forepart, is lanceolate, very broad, even more so than in young Schizasters, and

expanding aborally. The II and IV are narrow, their lirst seven pairs of plates of a

fair size; they terminate, not Avith a petaloid, sunken expansion of transverse plates,

but Avith a strongly compressed double series of minute plates, longer than they are

broad, level Avith the adjoining interradia, and bearing pores placed adorally and

diagonally throughout, indistinct or perhaps partly Avanting in the intra-fasciolar por-

tion of the inner roAv. The bivious ambulacra I and V are rather broad in the ventral

part, I a 2, b 3 and Y b 2, a 3 being larger than the rest, I a 5 and Y b 5 entering

the episternal angle, the terminal part gradually tapering, apetalous, the plates about

as broad as they are long, sub-hexagonal, the minute pores placed near the adoral

margin. — The peristome is normal, ficj. 235, transversely oval, altogether anterior, upright,

vertical, not ventral. The scales covering the buccal membrane are larger frontally,

the oesophageal opening transversely oval. someAvhat below its centre. — The calycinal

system, jig. 237 ,
placed on the apex of the body, a little behind the three fourths

of the total length from the front margin, comes more near to that of Schizaster cana-

liferus, jig. 238, than to that of Moira, in Avhich the distortion of the system is

carried very far. It is a little broader than it is long, the 1 and 4 being prominent.

In the specimen described the 1 and 2, and the 3, 4, 5 are united severally, only one

suture being visible, connecting the radials I and III. The I and 4 each have a large

sexual pore. The madreporite is central. — The singie fasciola, simple and undivided

all around, ansAvers to the peripetalous fasciola of Schizaster. Very nearly as in

that genus it traverses III, 3, 4, 2 b 4, 2 a 4, 5, ^ a 4, ^ b 4, II 7 and IV 7, 8,

') Études, pl. XXXI fig. 194.

K. Vet. Akail. Ilaiidl. Band in. N:n 7 12
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ascends lengthwise 1 b 4, 5, 6, A a 4, 5, 6, thus attaining 1 a S, 4 b 6, and crosscs I and

V at 11 or 12, and the odd interradiura on its eighth pair of plates.

With the evidently Schizasterian Aceste bellidifera for a guide it is not diöi-

cult to see the afiinity, though distant, of the very extraordinary Aerope rostrata

Wyv. Th. '), another inhabitant of the great depths, from 1460 to 3200 metres. Ac-

cording to the figures and descriptions given, its body is inuch more elongate, the

frontal ambulacrura much less sunk, the peristome elabiate and subcircular, not anterior,

but ventral, at the third of the entire length; the labrum is very long, the sternum

occupies the posterior third, the periproct is dorsal; the calycinal system has four

sexual pores; the madreporite is central. The pedicels of III are those of Aceste and

Schizaster, the fasciola has the sanae course, and the heteronomy of 1 appeai"s to be

the same. It is likewise apetalous.

Recent Echinoids coming near to the earliest Spatangida3, Adete, Ethmophract,

Meridosternous, were unknown to science, and indeed do not seem to exist in the

littoral belt. It was the good fortune of the late Sir Wyville Thomson to bring to

light, near Fayal, from a depth of 4850 metres the very singular Calymne relicta ^),

and to have to indicate, by a nomen triviale, the significance of the discovery. It

looks indeed like a relic from the Older Cretaceous or even the Oolitic period, com-

bining with a perfectly ethmophract calyx a general form like that of CoUyrites ellip-

tica or ovalis, a bivium widel}' separated from the calyx, a sternum composed of

several plates. But it is provided with a peripheral fasciola, a feature not foreign, it

seems, to Cardiaster. It is apetalous. Its near ally, Cystechinus Al. Ag., a deep-sea

form from 1900 to 4070 metres, at 2900 m. an associate of Poui-talesia hispida, Echino-

crepis and Spatagocystis, at 3950 m. of P. ceratopyga, at 4070 m. of that species

and P. carinata, Adete, Ethmophract, Meridosternous and Apetalous, has its bivium

dorsally joining the calyx.

Of the no less characteristic Urechinus Naresianus Al. Ag. ^), Pl. XXI, fig. 239—
242, I can speak from direct observation, thanks to the liberality of my English

friends to whom I am obliged for the inspection of duplicate specimens from the

Challenger Expedition. This species was brought up in the Southern Pacific and the

Antarctic from depths of 2500, 2600, and 3300 metres, from 2926 m. in company with

Pourtalesia hispida, P. carinata, Echinocrepis cuneata and Spatagocystis Challengeri, and

by the Blake among the Lesser Antillae, from 772 and 2200 metres. In the dorsal

aspect its outline is oviform, tapering behind, the surface entirely smooth, the calyci-

nal system nearly central; the ventral sux'face almost flat, the interradium 5 slightly

rising and convex, the subanal part soniewhat prominent; the peristotne, fig. 240, is

slightly sunk, sub-pentangular, with the small oesophageal opening in the centre of the

buccal membrane, which is covered with three circles of triangulär scales, the outer-

most of which are by far the largest. The periproct, fig. 241, rather wide, sub-orl^ien-

•) Voy. Challenger I, 380. At,. Agass. Rep. Clmll. Echin. p. 192, pl. XXXIII, XXXIII a, %. 8—12.
-) Voy. Chali. I, p. 39G. Al. Agass. Rep. Chall. Echin. p. L^S, pl. XXXIV.
^) Bepoi-t Chall. Eehinoidea p. 14G, pl. XXIX, lig. 1—4, XXX, XXX a, fig. 1—14. Report Blake Eehi-

iioidoa. p. 52, pl. XXVr, lig. 1—3.
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lar, is postcrioi', .soniuwhat sub-veiitral; the excretory openiiig occupics tlic ceiitrc; of tlie

ajial iijem))ra.uc whicli is covered with about live coiicentric rows of scales.

The ambulacral system is normal and closely resembling that of Anancites by

its lanccolate, nearly uniform radii, all level with the perisome. The peristomal for-

mula is normal. In the bivium the plates I a 2, 3, 4, I b 3, 4, 5, and Y b 2, 3, 4, V a

3, 4, 5, are lengthened, and the I a 4 and \ b 4 slightly expanded interioi'ly, so as

to iill up the feeble re-entering angle offered by the corresponding plates of the po-

sterior interradium, a structure commonly met with also in Holaster and other Merido-

sterni, and in the Prymnadetes, that is, in forms devoid of a subanal fasciola, and in

no wise to be compared with the Avell-known wedge-shaped, extended plates 6 + x,

present in all Prymnodesmic Spatangida3. Its defieiency in Ui-echinus is a sure sign

of the absence of a subanal fasciola, of Avhich not one of the several specimens care-

fully examined showed the least trace. There is, elose under the periproet, a dense

accumulation of ordinary miliary tubercles, not un like that seen in the same position

in some Brissi; it has no relation to the fasciola.

In all the five ambulacra, the plates, from 4 or 5, are very much alike, up to O

at least twice as broad as they are long, then longer in proportion to the breadth,

and finally, from 12 or 13, approaching to a somewhat equilateral hexagonal form.

The minute pore, from B or 10, becomes more distant from the adoral margin, gradu-

ally nearing the centre. Thus all the ambulacra are apetalous-.

The perisome presents the almost exceptional peculiarity of having the paired

interradia perfectly symmetrical, the two plates a 2 and b 2 of 2 and 3 being, as

observed hitherto in Pala3ostoma mirabile alone, united into single plates, and like-

wise the plates a 2 and b 2 oi 1 and 4. By this last unique mode of coalescence

these interradia have become symmetrical towards one another, and the heterononiy

of 1 is discarded. Hitherto Collyrites apparently was alone in presenting this regula-

rity, a feature that seemed to approximate it to the Cassidulidse. In the Holastrida^,

on the other hand, in Holaster, Anancites, Offaster ^), Cardiaster, the heterononiy, ren-

dered by the formula 1 a 2 -\- b 2 = 4 a 2:4 b 2^j, is distinctly seen in well

preserved specimens, though in. others it may be difticult to make out. Of Hemip-

neustes striatus Gm. ^) several specimens were subjected to repeated and careful scru-

tiny without yielding decisive evidence of the presuraable heteronoray, and now, being

convinced of the perfect regularity of the corresponding parts in Urechinus, I venture,

though always with some doubt, to give the figure, on the next page, of that species, as

another example of perisomal symmetry in that early group of the Spatangida?, the

Meridosterni, among which the asymmetry is still unsettled and, as it were, in its bc-

ginning, and far from presenting the definite and constant character it gradually

assumes in the Prymnadetes and the more recent Prymnodesmians.

The odd interradium, 5, is rather narrow; the labrum, expanded aborally, is

contiguous to I a i, :? and Y b 1, 2. The plate 5 b 2 simulates, as it were, by itself

') See the woodcut on the next page.

-) See above p. 15.

*) See the wood-cut.
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a small siib-pciitangular steriiuiii, coiitii^iious to I

which is ciitiroly separated froin /, wliile a 2,

slight re-eiitering- anglc, aiitl a 6— !), h 5—8 are pcriproctal, 10—16 clorsal, lengtheued,

a 3 and V h 3, toUowed by 5 a 2,

?, 4 and b 3, 4, 3 form toacthcr a

sub-hexagonal.

Hcmipiieustes radiatus Gm.

Wheri thc successive modifications of

the interradium 5 of tbc Spatangida) are

followed from the first appearance of the

group to our days, it is seen that in

the earliest, Collyrites '), after the labrum

there begins a double row of alternating

plates, in which the plates of the a series

are postei'ior to those of the b series, the

same order of sequenee that holds good

throughout the whole of the Spatangidaj.

There is no appearance of a true sternum.

In Heniipneustes the ventral plates of ei-

ther row, from the b 2 inclusively, extend

triangularly aeross the interradium, so as

to bring their points within a short di-

stance from the opposite ambulacrum, and

Offaster corculum GouiF. Echinospatagiis Ricordeanus Cotteau.

to leave only a minute pai"t of a 2 in contact with the labrum, the middle suture

thus becoming a zig-zag line of very wide turns. In Holaster ^), Cardiaster, Anancites ),

Offaster, this structure is so far modified that the b 2, still more expanded trans-

1) Études pl. XXIII.
-) Ib. pl. XXV.
3) Ib. pl. XXIV.
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versely, occupies tlic whole breadth of tlie intermdium, assuiniiig' u trapezoidal form,

and fully attains the ainbulacruui V, to whicli it becoiiies largely contiguous. By this

means the a 2 is pushed back, widely out of contact with the labrum, but retains,

like the two or thrce pairs of ventral plates, the triangulär, pointed shape and the

very oblique alternation, while the pre-anal, abdoiiiinal and dorsal plates, in propor-

tion as they are distant aborally, and become shorter and broader, hold a less oblique

position.

The large sternum of the higher Amphisternous Spatangidse so universally con-

sists of two equal symmetrical halves in regular juxtaposition, as to sceni hardly to

give room for a query vvhether it niay not, after all, owe its form to a direct modih-

cation of that of the Meridosterni. However, it will seem to me, — notwithstanding

the incompleteness of my materials, — that there really are indications of such a

possibility, of its having originated through a gradual transposition of the obliquely

placed a 2 and b 2 oi the Meridosterni. The Adete Echinospatagus no doubt is rightly

numbered among the Amphisternous Spatangida^ but the plate a. 2 of its sternum, in-

ferior in size, triangulär and asymmetrical, hängs behind the b plate, as if retarded

in its growth, and anteriorly would not attain the labrum, did not this come to meet

it with a lateral prolongation of its aboral margin. It may be allowable, from the

whole of this singular feature to look back for the existence of earlier forms, perhaps

undiscovered yet, still more evidently transitional, showing how the a 2, moving for-

ward, first began to interpose itself between the b 2 and the ambulacruin V, at the

same time exchanging its transversely cuneate shape for one more fitting its work and

the place it was striving to occupy. If so, the two halves of the sternum of the higher

Spatangida; ought not to have been formed simultaneously, but in such a way that

the b 2 alone had first been transformed into the future right plate, and, after that,

the a 2 into the left one. And this supposition appears to acquire some degree of

probability, when, leaving Echinospatagus behind, we look forward at the modifications

displayed by the SpatangidaB of låter appearance and higher order, modifications all of

which are continuations of what has been observed in those of a lower. Thus among
the Prymnadetes, some genera, as Pala^ostoma ^), Hemiaster ^), Agassizia, Schizaster,

are seen to exhibit what may be regarded as marks of this movement, in the a 2

being behind and attaining adorally with a narrow point only the ineeting labrum.

Among the Prymnodesmian forms the earliest, Micraster ^), still shows these traces of

the asymmetry, but through the Avhole series of the higher, Tertiary and recent ge-

nera ''), the symmetry and the exact juxtaposition oi a 2 and b 2, of the episternals

a 3 and b 3 the pre-anals a 4, b 4, and even of one or other of the anal pairs of

plates, Q.S a 5, b 5, is thoroughly established: their sutures have become rectilinear

by the disappearance of the posterior inner truncation, and tlie angular iniddle suture

is confined solely to the still alteriiating rows of abdominal and dorsal plates.

1) Etudes pl. XXXII.
2) Ib. pl. XXVI, XXX, XXXI.
3) Ib. pl. XXXIII.
') Ib. pl. XXXIV—XUI.
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I)le1 liiivc luizardcd liere this attciiipt to cxplixiii tlic ori^iii oF tlie Spatangcun doLil)

stcrmiiii in the hopc tliat otlier observers, uiore fortunatcj in pussessing riclicr materials,

will dccni it wortli a strict cxauiiiiation. At present, this theory may cventually be

found to stånd the test or not, the plate marked b b 2 in the skeleton of Ureehiniis

Naresianus Al. Ag. is to be set down as homologous to the b b 2 \x\ that of Offa-

ster, Anancites, Holaster, Hemipneustes, and its b a 2 homologous to their 5 a 2,

This striking character of the interradium 5 in the earliest among tlie Spatangida;,

thus met with again in Urechinus; its calycinal system, etlimophract and lengthened as

in CoUyrites and the Holastrida;; the abscnce of any heteronomy in 1, and the com-

plete symiuetry of the interradia 1 and 4, recalling CoUyrites and apparently Hemi-

pneustes; the coalescence of a 2 and b 2 known hitherto in the certainly very old-

fashioned Pryninadete, Palaiostoma, alone; the similarity of the tive aaibulacra, all of

theui level with the general surface; the subcircular form of the peristome; the narrow

adoral margin of the labrum not expanded transversely, and protruding as in the highcr

Spatangidtu, — all these features combine to set fortli the genus Urechinus — along

Avith Cystechinus and Calymne — as a true living member of the group of the Meri-

dosterni, by which the Spatangean type was first introduced, in the seas of the Meso-

zoic period, and which was long believed to be extinct. If Urechinus Naresianus —
or, lor vvliat we know, a Cystechinus or a Calymne — had been found fossil in some

Secondary or Tertiary stratum, any zoologist would have referred it, without hesita-

tion and rightly, to the »Ananchytidaj»; — but at the same time one featurc would

have caught his attention as strikingly peculiar and distinctive, the total absence in

the ambulacra of any trace of petaloid structure.

The recent Spatangidaä tliat live in the littoral belt, and the allied fossil forms

of Prymnadetes and Prymnodesmians, all have, for a common character, the dorsal

portions of their paired ambulacra, II and IV, I and V, transformed into more or less

developed petala, within which the plates are crow^ded, shortened while transversely

extended, and frequently more or less deeply sunk beneath the perisome, all this in

order to afford as large a space as possible to tlie increased number of pedicels changed

into triangulär, compressed leaflets, evidently subservient to respiration. Now, it will

have been remarked that in certain generic forms of Prymnadetes and Prymnodesmians

found to inhabit the great depths, the petals, when compared with those of the properly

littoral forms, are seen to be but feebly or not at all developed. In Homolampas

their plates are but slightly shortened, and the minute perforations of their pöres are

placed diagonally, not transversely; — and Argopatagus and Palteotropus are entirely

apetalous. The littoral forms of the Schizasters are provided with highly developed,

deeply sunk petala, while their representatives in the great depths, Aceste and Aerope,

in this point absolutely contrast with theni, having the paired ambulacra wholly apeta-

lous, narrowed in their dorsal portions, and level with the perisome. Thus, while in

the littoral Spatangidaj a tendency universally prevails towards having their dorsal

ambulacra with their pedicels moditied for branchial functions, there seems to obtain,

in the abyssal forms, within this part of their vital economy, a quiescence, that leaves

these same ambulacral plates and pedicels in undifferentiated simplicity, — a peculiarity,
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the significance of Avhich perhaps wilLbe fouiid, when the researches are brought to

a close that are just begun, on the gases contained in the abyssal waters.

Urechinus, Cystechinus and Calymne, Abyssal, Ethmophract, Meridosternous, and

true meinbers of the ancient group of Adetes, are most decidedly apetalous. Are there,

atnong the genera of that group, any forms extant that, from the structnre of their dorsal

ambulacra, may be put forth as the littoral or sub-littoral main stock, of which Urech-

inus and its living allies may be the deep-sea representatives? Anancites and Offaster

had the paired ambulacra level with the perisome. On the flanks the pores have their

perforations close together, rather diagonal, a little below the centre; in the dorsal

portion the crowded plates, at least twice as broad as they are long, with the per-

forations transverse, larger, separated, nearer to the outer and the adoral margins,

make very open and soniewhat rudimentary petals, that evidently were the sites of

branchial leaflets. Hemipneustes, combining v/ith the ancient character of an exquisite

zig-zag sternum an impressed III bearing peculiar peripodia, a produced and laterally

expanding labrura, a madreporite widely spreading within the strictly ethmophract

calyx ^), has its paired ambulacra semi-petaloid, the pores of I a, V b, II a, IV h,

being large, transverse, with the outer perforation a slit nearing the posterior margin,

while the pores of I 6, V a, II b, IV a decrease dorsally, as the former increase, and

become very minute and sub-median, finally diagonal. Holaster, also, has the I, V, II,

IV, semi-petaloid, but the pores of the anterior series not nearly so minute relatively,

and diagonal only very near the calyx. In Cardiaster the petala are almost completelj^

developed, the anterior pores somewhat less, but transverse and evidently branchial.

On the analogy thus clearly offered by the Prymnadete and Prymnodesmian

Spatangi, the conclusion to be drawn from this difference, in the structure of their

ambulacra, between the recent abyssal and those ancient Meridosterni, seems lawfully

to be, that these latter, Anancites, Offaster, Hemipneustes, Cardiaster, and others, among
which at least Anancites and Offaster lived in a polythalamian sediment comparable

to that of the great depths of the actual seas, were not truly abyssal, but inhabitants

of less deep, though oceanic parts of the Mesozoic sea. If they still survive in generi-

cally allied or altered forms, these are to be looked for on the sloping bottora betAveen

the littoral and continental shelves and the great depths. But Avhether extinct or still

living, they once had or yet have, in Urechinus, Cystechinus, Calymne, or in ancestors

of these, their representatives in the abysses of the ancient ocean, Avhich are those also

of our days.

It may be that the knoAvn species of the Pourtalesiada^, Avith apetalous ambu-

lacra, are the abyssal representatives of other members of their family provided Avith

developed petaloid branchial apparatus, and living nearer to the light and the air, in

the littoral zone or in the \'ast regions interjacent betAveen that and the great depths.

In a fossil state such forms may possibly one day be met with, in Cretaceous layers

enclosing Anancites and Echinothuria.

1) See woorlcut, p. 70.
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Plate i.

Pourtalesia Jeffreysi Wyv. Tiioms.

The ombulacral system coloured.

Fig. 1. The skeleton, deuuded ; dorsal aspect.

Fig. 2. The same, ventral aspect.

Fig. 3. The same, side view.

Fig. 4. The periproct and the anal membrane.
Fig. 5. A pedicellar peripodiura and tubercles.

Fig. 6. A lateral plate of an ambiilacrum, with a pedicellar pore marked *.

Fig. 7. The same from the inside.

Fig. 8. The sub-labial area of another speeiraen.
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Plate II.

Pourtalesia Jeffreysi Wyv. Thoms.

The ambulacral system coloured.

Fi^-. 9. The skeleton, laid ont. The plates 2 b 1 aud ii a 1 are necessarily foreshorteneil. The heleroiiomy

of.the interradials i, b 4 and 1, b o + 2, p. 14, as also the corresponding plates 4 a 2, 4 a 3,

A a 4, are marked with arched, dotted lines.



K Vet Aadem. Handl Bd 19, N? 7

,

S Loven, On Poiirtalesia, Pl H.

A,?'I ^.'festergren del Loven dir

O.Pourtalesia .Mfreysi WY. TH0M80N.

litTi.W ScWacTrter, StocKholm





PLATE III.



Plate III.

Pourtalesia JefFreysi Wyv. Thoms.

The anibiilacral system coloured.

Pig. 10. The ventral half of the skeleton, seea from the inside. The heteronomy marked as in tig. 9.

Fig. 11. The dorsal half of the skeleton, seen from the inside.

Fig. 12. The infra-frontal recess seen from the peritoneal cavity, and from the left.

Fig. 13. Longitndinal section of the hindmost part of the skeleton, the candal prolongation, the periproct,

and the anal raembrane: am.

Fig. 14. The dorsal termination of the ambulacnim V, from the inside.
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Plate IV.

Pourtalesia Jeffreysi Wyv. Thoms.

Pig. 15. The sub-labial region, from the outside, showing the arabulacrals 1 1 and Vi, \1 a 1 and b 1,

IV a 1 and bl, the four spherids, p. 40, and the four pedicellar peripodia.

Pig. 16. The same from the insida, showing the part bent in into tlie infra-fronfal recess, the niinute iabrum,

5, and the four pedicels.

Fig. 17. Part of the same, placed so as to show the internal trabecules.

Fig. 18. The infra-frontal recess, p. 7, 28, scen from the peritoneal cavity, and from behind, sliowing the

peristome with the buccal membrane and a part of the oesophagus, the neural collar (and vessel)

and the raain trunks proceeding from it.

Fig. 19. The same, from the left side.

Fig. 20. The buccal membrane, with the oesophageal opening, p. 29.

Fig. 21. The top of a sub-labial pedicel.

Pig. 22. The same, in a state of contraction.

Pig. 23. One of the sexual tubes.

Pig. 24. A part of the palate of the infra-frontal recess, showing its crowded tubercles and a niinute pore.
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Plate v. •

Pourtalesia Jeffreysi Wyv. Thoms.

The ambulacral system coloured.

Fig. 25. The calycinal system and the surrounding area, p. 79.

Fig. 26. The same from the inside.

Fig. 27. The calycinal system and surrounding area, in another specimen.

Fig. 28. The same from the inside.

Fig. 29. The termination of the front ambulaorum.

Fig. 30. The articulating end of a spine, p. 24.

Fig. 31. The corresponding tubercle.

Fig. 32. The lower end of a spine.

Fig. 33. A calcareous fibre rising from the coUar.

Fig. 34. A fibre with its processes, side view.

Fig. 35. Another fibre, front view.

Fig. 36. An oar-like spine; shortened.
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PLATE VI.



Plate VI.

Pourtalesia laguncula Al. Ag. Pourtalesia carinata Ai,. Ag.

The iiinbulacral system coloured.

Fig. 37. 'riie skeleton of P. laguncula, veutral view, p. 17.

¥ig. 38. Tlie skeleton of P. laguncula, another speoimen, ventral view.

Fig. 39. Tlic sub-oral region of the same.

Fig. 40. The sub-oral region of the specimen tig. 37.

Fig. 41. A peristomal pedicel and spherid, of the same.

Fig. 42. The sub-oral area of P. carinata.

Fig. 43. The same, from another spucimen.

Fig. 44. Peristomal part of the same area, from the specimen fig. 42.

Fig. 45. The infra-frontal reoess, seen from the peritoneal cavity; left

Fig. 46. The involuted part of the labial region.
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PLATE VII.



Plate VII.

Pourtalesia carinata Al. Ag. P. ceratopyga Al. Ag. P. laguncula Al. Ag. Echinocrepis cuneata Al. Ag.

Fig. 47. Peripodia and spliperidia of the arabulacrals V a 1 and V h 1 in P. carinata.

Fig. 48. The sub-oral region of P. ceratopyga; ambulacrals coloured.

Fig. 49. A part of the same, in a different position.

Fig. 50. A part of tlie same with pedicels, spines, and spherids.

Fig. 51. The calycinal system of the same, with the surrounding region, p. 80.

Fig. 52. The same parts in P. laguncula.

Fig. 5.3. The sub-oral region of Echinocrepis cuneata; ambulacrals coloured.

Fig. 54. The calycinal system and surrounding area in the same.
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PLATE VIII.



Plate VIII.

Pedicels of Spatangidae.

P. 45—56.

¥ig. 55. A filament witb its rod, iVom a phyllodean pedicel in Schizaster japoniciis Al. Ao.

Fig. 56. The same, in Urechiims naresianiis Al. Ag.

Pig. 57. The same, from a sub-anal pedicel in Bchiiiocardium cordatum Penn.

Pig. 58. The same, from a phyllodean pedicel in the same species.

Pig. 59. The same, from a sub-anal pedicel in Lovenia elongata Gkay.
Fig. 60. The same, from a phyllodean pedicel in the same species.

Fig. 61. Tips of filaraeiits from phyllodean pedicels in the same.

Pig. 62. The same, in Metalia maculosa Gm.

Pig. 63. The basal part of the rod in a filament of a phyllodean pedicel in Abatus Philippii Lov.

Pig. 64. The circular disk of a phyllodean filament in Maretia planulata Lamck. The filaments are only

partially left entire, and cut down in the greater portion of the half.

Fig. 65. The disk of a subanal pedicel in Agassizia scrobiculata Val.
Fig. 66. Monstrens bifurcation of a filament, from a sub-anal pedicel in Brissopsis lyrifera Porb.

Fig. 67. The disk of a phyllodean pedicel in Aceste bellidifera "VVyv. Thoms.
Fig. 68. The same, iateral view.

Fig. 69. The top of a ventral pedicel, V, in Meoma grandis Gray.
Pig. 70. The terminal part of a frontal pedicel, III, in the same; side view.

Pig. 71. The same, from above.

Pig. 72. The disk of a phyllodean pedicel in Palceotropus Josephinse Lov.

Pig. 73. The terminal part of a sub-anal pedicel in the same.

Fig. 74. The top of a sub-anal pedicel in Brissus compressus Lamck, seen from the under si<le.

Pig. 75. The same, in Brissus mediator n., seen from the under side.

Pig. 76. A ring, pseWon, from a sub-anal pedicel in Lovenia elongata Gray.

Pig. 77. The same, in Abatus Philippii Lov.

Pig. 78. Laminse from the phyllodean disk in Maretia planulata Lamck.
Fig. 79. A sub-anal pedicel of the same, mutilated.
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PLATE IX.

K. Sv. Vet. Ak:id. Haiull. Band. 19. N:o 7.



Plate IX.

Pedicels of Brissopsis lyrifera Forbes.

Fi?. 80. The tip of a filament from a phyllodean pedicel, side view. p. 45.

Pig. 81. The same, eiid view, seen from above.

Fig. 82. Optioal section of the same, highly raagnified.

Fig. 83. Terminal part of a simple, ventral pedicel, p. 47.

Fig. 84. The same of another specimen.

Fig. 85. The top of a sub-anal pedicel, p. 48.

Fig. 86. The disk of a frontal pedicel, p. 54.

Fig. 87. Optical section of the margin of the same.

Fig. 88. Pigment-cells from the same.

Fig. 89. Optical section of an intra-laraellar part of the disk.

Fig. 90. Longitudinal section of the wall of the tube of a frontal pedicel, p. 55.
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PLATE X.



Fig. 91.

Kg. 92.

Fig. 93.

Fig. 94.

Fi?. 95.

Fig. 96.

Fia-. 97.

Fig. 98.

Fig. 99.

Fig. 100.

Fig. 101.

Fig. 102.

Fig. 103.

Fisj. 104.

Fig. 105.

Fig. 106.

Fig. 107.

Fig. 108.

Fig. 109.

Fie. 110.

Fis- 111.

Plate X.

Pedicels of Spatangidae.

P. 52—56.

Tiie terminal part of a frontal pedicel in Abatus Philippii l,ov.

Half the disk of a frontal pedicel in Heraiaster expergitus Lov.

The terminal part of a frontal pedicel in Agassizia scrobiculata Val.

A quadrant of the disk of a frontal pedicel in Moira atropos Lamck.
The basal part of one of its laminfe.

A part of the disk of a frontal pedicel in Aceste bellidifera Wyv. Thoms.

The basal part of one of its laminfe; side view.

The same, seen from the under side,

The basal part of a laraina from a frontal pedicel in Kleinia luzonica Gray, frora tlie under side.

A quadrant of the disk of a frontal pedicel in Schizaster fragilis DiJB. & Kor.
A part of the disk of a frontal pedicel in Schizaster japonicus Al. Ag.

The basal part of one of its laminae, from the under side.

The same, from above.

The tip of a simple frontal pedicel, in Maretia planulata Lamck.; side view.

The same, in Metalia maculosa Gm.; side view.

The top of a frontal pedicel in Metalia frontosa n.; seen from above.

The same, from Lovenia elongata Gray; side view.

The same; end view.

Tlie same, spicular framework, in Spatangus purpiireus O. F. M.; side view.

The tip of a simple, ventral pedicel, V, in Moira atropos Lamck.
The same, in Schizaster japonicus Al. Ag.
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PLATE XL



Plate XI.

Pedicels of Echinidae, Echinoneidae, Cassidulidae and Spatangidae.

P. 47, 49, 54.

Fig. 11 "2. The disk of a pedicel in Toxopneustes droebaehensis O. F. M., showing the larainse and the coii-

verginar muscular fibves; p. 49.

Fig. 113. The central circular space of the same, showing the angular depression and the plicatures of the

surface.

Fig. 114. The same seeii from the under side, showing the psellion.

Fig. 115. A part of the same more highly magnified.

Fig. 116. The disk of a pedieel in Echinoneus semihinaris Lamck., from above
; p. 50.

Fig. 117. The same, from the under side, with the psellion.

Fig. 118. The terminal part of a pedicel in Ehynchopygus pacificus Al. Ag., p. 56.

Fig. 119. The same, in a different state.

Fig. 120. The disk of a frontal pedicel in Echinocardium cordatum Penn., with the enormously developed

spicule; p. 56.

Fig. 121. A rod from one of the filaments of the same, somewhat shortened, with the basal circlet.

Fig. 122. Another form of the large spicule under the disk, in the same species.

Fig. 123. The same spicule, double.

Fig. 124. Another, spinous form of the large spicule.

Fig. 125. Another form of the same.

Fig. 126. Another smaller form of the same.

Fig. 127. The disk of one of the frontal pedicels in Echinocardium flavescens O. F. M.
Fig. 128. Two of its filaments with part of the ring, psellion.

Fig. 129. The rod from one of its filaments.

Fig. 130. Spicules from its ring.

Fig. 131. The terminal part of a frontal pedicel in Breynia Australasise Le.\ch.
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PLATE XII.



Plate XII.

Peripodia of Neonomous Echinoids.

P. 56.

Echinoueidse.

IV u I; 111 o.

Pig. 132. Echinoiieus semihuiaris Lamck.

Cassidulidae.

Phyll. IV «;; Sub-aii. Va, V b 22; Front. 111 n.

Fig. 133. Pygorrliyiichus panificus Al. Ag.

Spatang-idse.

Phvll. TV al; Siib-an. \ b, \o; Front, llln; Pefal. lin.

Adeti.

Fig. 134. Holaster scaniensis Cotteau.

Fig. 135. Atiancites ovata Leske.

Fig. 136. Heniipneustes radiatus Gm.

Prymn adeti.

Fig. 137. Eehinospatagus Ricovdeauus Oottr.\u.

Fig. 138. Hemiaster Fourneli Cotteau.

Fig. 139. Pahieostoma mirabile Gbav.

Fig. 140. Sctizaster japonioiis Al. Ag.

Fig. 141. Agassizia scrobiciilata Val.

Fig. 142. Faoriua chinensis Geay.

Prymnod esmii.

Fig. 143. Brissopsis lyrifera Forb.

Fig. 144. Brissus Scillse Lamck.
Fig. 145. Spataiigus purpureus O. F. M.
Fig. 146. Lovenia elongata Gray.
Fig. 147. Maretia plamilata Lamk.
Fig. 148. Ecliiiiocardiuiii cordatnm Penn.

Ponrtalesiad».

Fig. 149. Pourtalesia .leffrevsi Wyv. Th.
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PLATE XIII.

K. Sv. Vet. Akad. Handl. Band. 19. N:o Z.



Plate XIII.

Tiarechinus princeps Laube.

P. 11, 64.

Fig. 150. The sjDecimen from the "K. K. Geologische Eeichs-Anstalt", Yienna, dorsal view; maguified abont

niue times.

Fig. 151. The same, ventral view.

Fig. 152. The same, showing the plates.^^

Fig. 153. The same, side view.

Fig. 154. The same, showing the plates.

Fig. 155. Tbe calyx of the same.

Fig. 156. One of the sexual? pores.

Fig. 157. Granulation of the intenadia.

Fig. 158. The adoral part of an ambulacnim.

Fig. 159. The aboral part of the same.

Fig. 160. One of the large tuberoles of the interradia.

Fig. 161. The specimen from the "K. K. Hof-Mineralien Cabinet" Vienna, ventral view.

Fig. 162. Another specimen, from the same collection, dorsal view.
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PLATE XIV.



Plate XIV.

Abatus cavernosus Phil.

P. 20, 25, 46, 74.

Fig. 163. A young specimen, measuring 2,3 inm., taken out of oiie of tlie deepened petalii by the late Pro-

fessor Peteks of Berlin. It is jejuiie, astomous, aproctic. Ventral view.

Fig. 164. The same, dorsal view.

Fig. 164, A. Tbe calycinal region.

Fig. 165. The buocal membrane, entire, unpierced, the oesophageal and of the alimentary canal with ils lunuii

appeariiig on its inside. To be compared with the woodcut p. 26, representing the same parts

in a specimen a little more advanced, in which the oesophageal opening has pierced the buccal

membrane centrally.

Fig. 166. The calycinal region from the inside, showing the blind excretory extremity of the iutostine touching

the closed membrane centrally.

Fig. 167. The peristomal region from the inside, showing the blind oesophagus restiiig ngainst the Iniccal

membrane.

Fig. 168. The blind excretory end of the intestine, suspended to the peritoneal lining.

Fig. 169. A spherid, optical section.

Fig. 170. A tubercle.

Fig. 171. A spine with the larval envelope.
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PLATE XV.



.Plate XV.

Echinocardium flavescens O. P. M.

P. 26, 46.

Fig. 172. A youiig speciraen, measuriug 1,7 mm., denuded of its spiiies; ventral view. The oesophagus lias

already pierced the buccal membrane.
Fig. 173. The same; dorsal view. Tiie periproct, just formed, high up on the back. The fasciolre have begim

to appear. In the frontal ambulacrum, III, a single pediocl, others beiiig pvobably löst. The
details of the calycinal system were obscured by some opaque substance contained in the iiitostine,

and could not be made out properly.

Fig. 174. The peristomal region of a specimen measuring 3 mm.
Fig. 175. A part of the peristomal region of a specimen between fig. 173 and 174.

Fig. 176. The top of a phyllodean pedicel in the early state, fig. 172.

Fig. 177. Another with two rods beginning to form.

F^ig. 178. The filaments with their rods a little more advanced.

Fig. 179. Another witii the psellion.

Fig. 180. Another with the rudiments of three filaments.

Fig. 181. The disk of a phyllodean pedicel in a young specimen measuring 5,3 mm., with eight filaments in

a circle and a ninth filament beginning an inner series.

Fig. 182. Spicules from its psellion.

Fig. 183. The peristomal part of an interradium from the inside, showing the transverse laminse, p. 26.
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Plate XVI.

Palaeostoma mirabile Grät.

P. 27, 45. 53.

Fig. 184. A lialf-gTowD specimen, dorsal view.

Fijf. 185. The same, ventral view.

Fig. 186. The same, sida view.

Fig. 187. The peristomal region, with the pentaugular stoma, the valves, the lirst spherids etc.

Fig. 188. The peristome, with the valves, from the iuside.

Fig. 189. The valves, from the outside.

Fig. 190. The calyx with the two sexual pores.

Fig. 191. The e.Kcretory openiDg with its valves.

Fig. 192. A phyllodean pedicel.

Fig. 193. Aiiother phyllodean pedicel, both showing what seems to be a central protuberance.

Fig. 194. The disk of a frontal pedicel, p. 53.

Fig. 195. Spicules from a pedicellar tube.

Fig. 196. A tubercle.
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PLATE XVII.

K. Sv. Vet. Akad. HaiiJI. Baud. 19, X;o 7.



PiATE XVII.

The Calycinal System of Spatangidae.

P. 74.

Pig. 197. The calvx of a sjjeciraen of Echinocardium Havescens O. F. M., raeasiiring 3,5 : 3 mm.
Fig-. 198. The same, at 7 ; 6 mm.
Fig. 199. The same, at 8 : 6 mm.
Fig. 200. The same, at 9 : 7,5 mm.
Fig. 201. The same, at 9,5 : 8 mm.
Fig. 202. The same, at 10,5 : 9 ram.

Fig. 203. The same, at 10,5 : 9 mm.
Fig. 204. The same, at 12 : 10 mm.
Fig. 205. The same, at 14,5 : 12 ram.

Fig. 206. The same, at 30 ; 26 mra.

Fig. 207. The same, at 36 : 32 rara.

Fig. 208. The calyx of Palieotropiis Josephiiuie Lov.
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PLATE XVIII.



Plate XVIII.

The Calycinal System of Spatangidae.

P. 74,

Fig. 209. The calyx of a specinien of Spataiitrus puvpureus O. F. M., of 5:4 ram.

Fig. 210. The same, at 13,5 : 12 mm.
Fig'. 211. The same, at 14:13 ram.

Fig. 212. The same, at 15 : 14 mm.
Fig-. 213. The same, at 15 : 14 ram.

Fig. 214. The same, at 16 ; 15 mrn.

Fig. 215. The same, at 18 : 16 mm.
Fig. 216. The same, at 19 : 18 mm.
Fig. 217. The same, at 24 : 21 rara.

Fig. 218. The same, at 23:22 mm.
Fig. 219. The same, at 53:50 mm. A sitigie madveporic pore, marked*, outsidc the calyx.

Fig. 220. The calyx of Abatus caveniosus Phil.

Fig. 221. The same of Hemiaster buio Al. Brogn.

F^ig. 222. The same of Hemiaster expergitus Lov.
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PLATE XIX.



Platk XIX.

The Calycinal System of Bris»opsis; young of Echinus.

P. 75.

Fig. 223. The ealyx of a specimen of Brissopsis lyrifera FoRB., of 9 : 7 mm.
Fig. 224. The same, at 11:9 mm.
Fig. 225. The same, at 1.5 : 12 ram.

Fig. 226. The same, at 15 : 13 mm.
Fig. 227. The same, at 16 : 13 mm.
Fig. 228. The same, at 38 : 35 mm., having a nuraber of madreporic pores in the iiiterradium 5.

Fig. 229. The same, at 42 : 38; the costal 2 without sexual pore.

Fig. 230. The same, at 44 : 40; the madreporite spreading outside tlie sexual pore in the costal 1.

Fig. 231. The same in a nearly full-grown specimen, with a larger number of madreporic pores in the interra-

dium 5, and a few in the ambulacrura I.

Fig. 232. Echinus sp. voung, 0,6 mm., astoraous, aproctic, jejune, same specimen as that desca'ibed in Etudes

p. 27, pl.'XVli, fig. 149—152; dorsal view; p. 25.

Fig. 233. The same, ventral view.
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PLATE XX.



Plate XX.

Aceste bellidifera Wyv. Thoms. Schizaster canaliferus Lamck.

P. 88.

Fig. 234. The skeleton of Aceste bellidifera Wyv. Thoms., laid ont.

Fig. 235. The buocal raembrane of the same.

Pig. 236. The anal membrniie of the same.

Fig. 237. The calycinal system of the same.

Fig. 238. The calycinal system of Schizaster canaliferus Lamck.

I
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PLATE XXI.
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Plate XXI.

Urechinus Naresianus Al. Ag.

P. 90.

Fig. 239. The .?kel'etoii of Urechinus Naresianus Al. Ag., laid out.

Fig. 240. The buccal membrane of the same.

Fig. 241. The anal membrane of the same.

Fig. 242. The calycinal system of the same.
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