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THE PAL^EONTOGRAPHICAL SOCIETY was established in the year

L847, for the purpose of figuring and describing British Fossils.

Each person subscribing One Guinea is considered a Member of the Society, and

is entitled to lite Volume issued for the Year to which the Subscription relates. The

price of the Volume to Non-subscribers is Twenty-five Shillings net.

Subscriptions are considered to be due on the 1st of January in each year.

The Annual Volumes are now issued in two forms of Binding : 1st, with all

the Monographs stitched together and enclosed in one cover ; 2nd, with each of the

Monographs in a paper cover, and the whole of the separate parts enclosed in an

envelope. Members wishing to obtain the Volume arranged in the latter form

are requested to communicate with the Secretary.

Most of the back volumes are in stock. Monographs or parts of Monographs

already published can be obtained, apart from the annual volumes, from Messrs.

Dulau and Co., Ltd., 34-36, Margaret Street, London, W. 1, who will forward a

complete price list on application.

Members desirous of forwarding the objects of the Society can be provided

with plates and circulars for distribution on application to the Secretary, Dr. A.

Smith Woodward, British Museum (Nat. Hist.), South Kensington, London, S.W. 7.

The following Monographs are in course of preparation and publication :

The Cambrian Trilobites, by Mr. Philip Lake.

The Palaeozoic Asterozoa, by Dr. W. K. Spencer.

The Ordovician and Silurian Mollusca, by Dr. Wheelton Hind.

The British Bellerophontacea, by Dr. F. R. Cowper Reed.

The Pliocene Mollusca, by Mr. F. W. Harmer.

The Pleistocene Mammalia, by Prof. S. H. Reynolds s

Owing to scarcity of paper, the Council has decided to omit from the

present volume the usual lists of members and publications. Full particulars can

be. obtained from the Secretary.

Members deceased during 1917: Dr. C. T. Clough, Sir Charles Holcroft,

E. J. Power, Esq., and Miss A. F. Yule.

New member: Dr. Wyatt Wingrave,



ANNUAL REPORT OF THE COUNCIL
FOR THE YEAR ENDING 31st DECEMBER, 1916.

BEAD AND ADOPTED AT THE

ANNUAL GENERAL MEETING,

HELD AT THE APARTMENTS OF THE GEOLOGICAL SOCIETY, BURLINGTON HOUSE

30th MARCH, 1917.

Dr. HENRY WOODWARD, F.R.S., President,

IN THE CHAIR.

The Council in presenting its Seventieth Annual Report, regrets that, owing to

the various difficulties of existing circumstances, its publications still remain in

arrear. Palseontological research continues to make progress, and there is no lack

of offers of Monographs to the Society ; but authors are hindered by many draw-

backs, and the increased cost of publication necessarily reduces the amount of the

annual issue. The volume for 1915, which was ready for distribution in October,

1916, contains another instalment of Mr. W. K. Spencer's Monograph of "Palaeozoic

Asterozoa," with four plates, and the first part of a Monograph of " Wealden and

Purbeck Fishes," by Dr. A. Smith Woodward, with ten plates. The volume for

1916 is planned to contain instalments of the Monographs of "Pliocene Mollusca,"

" Paleeozoic Asterozoa," " Cambrian Trilobites," " British Graptolites," and

" Wealden and Purbeck Fishes," altogether with twenty-six plates.

The delay in the publications again increased the balance at the bank, and the

Council resolved, from patriotic motives, to invest £400 in Exchequer Bonds,

1920, bearing interest at 6 per cent.

Among members who have died during the year, the Council desires especially

to refer to Mr. C. T. Clough, Mr. Bedford McNeill, Mr. Clement Reid, and



Miss A. F. Yule. These were all valued supporters of the Society, and Mr. Clement

Reid had not only served on the Council but had also contributed an index to the

Monograph of the " Devonian Fauna " by the Rev. G. F. Whidborne. To replace the

losses sustained, the Council would welcome the help and personal influence of

the membei's in making the work and needs of the Society more widely known

among those who are interested in the study of fossils. It would also appreciate

the more sympathetic co-operation of the various Field Clubs and Natural History

Societies.

The thanks of the Society are due to the Council of the Geological Society for

permission both to store the stock of back volumes, and to hold the Council

Meetings and Annual General Meeting in their apartments.

In conclusion, it is proposed that the retiring members of the Council be Dr.

Kitchin, Mr. Oke, and Dr. Strahan ; that the new members be Mr. H. A. Allen,

Mr. E. Heron-Allen, Rev. H. N. Hutchinson, and Dr. C. T. Trechmann ; that the

President be Dr. Henry Woodward ; the Treasurer, Mr. Robert S. Herries ; and

the Secretary, Dr. A. Smith Woodward.

Annexed is the Balance-sheet.
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Council and Officers elected March, 1917.

{ttsfttnt.

HENRY WOODWARD, Esq., LL.D., F.R.S., F.G.S.

P. A. Bather, Esq . D.Sc., F.R.S.

Rev. Canon Bonnet, D.Sc, F.R.S.

fite-jusitonts.

G. J. Hinde, Esq., Ph.D., F.R.S.

E. T. Newton, Esq., F.R.S.

tantil.

H. A. Allen, Esq., F.G.S.

C. W. Andrews, Esq., D.Sc, F.R.S.

G. Barrow, Esq., F.G.S.

Miss M. C. Crosfield.

H. Dewey, Esq., F.G.S.

Walcot Gibson, Esq., D.Sc, F.G.S.

Herbert L. Hawkins, Esq., M.Sc, F.G.S.

E. Heron-Ai.len, Esq., F.L.S., F.G.S.

John Hopkinson, Esq., F.L.S., F.G.S.

Rev. H. N. Hutchinson, M.A., F.G.S.

Miss M. S. Johnston.

C. T. Trechmann, Esq., D.Sc, F.G.S.

S. Hazzledine Warren, Esq., F.G.S.

Prof. W. W. Watts, LL.D., F.R.S.

Henry Woods, Esq., M.A., F.R.S.

George W. Young, Esq., F.G.S.

tiwmtx.

Robert S. Herries, Esq., M.A., F.G.S.

Itaiarg.

A Smith Woodwakd, Esq., LL.D., F.R.S., British Museum (Nat. Hist.), South Kensington,

London. S.W. 7.

'fatal Secretaries.

Bath— Rev. H. H. Winwood, M.A., F.G.S.

Berlin Messrs. Fkiedlander & Son.

Cambridge—11 . Woods, Esq., M.A., F.R.S.

Hertfordshire—J. Hopkinson, Esq., F.G.S.

Oxford—Prof. W. J. Sollas, F.R.S.

Staffordshire—Dr. Wheelton Hind, F.G.S.
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PHOLIDOPHORITS. 105

widely apart, are not much shorter than the pectorals ; but each comprises only

about 10 rays, the foremost fringed with fulcra which are larger than those of the

pectoral and especially stout at the base. In the original of PI. XX, fig. 6, the

foremost pelvic fin-ray is ornamented with longitudinal flutings of enamel. The

dorsal fin is best preserved in the same specimen, with about 16 smooth rays

which rapidly decrease in length backwards. In a larger specimen (Mus. Pract.

Geol. no. 28438) there are three or four slender basal fulcra besides conspicuous

fringing fulcra above, and some of the fin-rays are marked by a longitudinal

line of enamel. The anal fin, which is well behind the dorsal, is comparatively

small with 9 or 10 rays, best seen, though crushed, in the type specimen (PL XX,
fig. 5, a.). Its fulcra are very slender and deeply overlapping, and its broad

articulated rays bear some smooth longitudinal strips of enamel. The caudal

fin is also best seen in the type specimen, as already described (p. 102). All the

fin-rays are much expanded laminae, obliquely overlapping : their appearance of

stoutness, therefore, in the fossils depends upon the direction in which they are

exposed.

Nearly all the scales are conspicuously ornamented with coarse plications

ending in sharp prominent serrations. As counted along the course of the lateral

line they are regularly arranged in from 40 to 45 transverse series ; and the series

above the origin of the pelvic fin comprises 13 or 14 scales, of which the seventh

or eighth is crossed by the lateral line. On the flank of the abdominal region

about six scales in each series are deeper than broad, that crossed by the lateral

line and the one immediately below being especially deepened. The two or three

lowest ventro-lateral scales are not so deep as broad ; and one of these seems to be

bent along its long axis to form the edge of the ventral surface of the fish. All these

scales are very conspicuously ornamented by the oblique pectinations throughout

their depth ; but the postero-superior angle is sometimes rounded or truncated,

while on the less deepened scales of the caudal region the pectinations gradually

become restricted to the lower part and sometimes on the caudal pedicle disappear.

Among the rhombic scales of the ventral surface (PL XX, fig. 8) and the dorsal

border, there is also sometimes a tendency to similar reduction of the ornament. On
the scales of the abdominal region the lateral line is marked only by a posterior

notch and an occasional perforation ; but on the rhombic scales in the hinder half

of the caudal region (PL XX, fig. 7), it forms a sharp smooth ridge, which is also

occasionally perforated in the middle. There is slight irregularity in the

arrangement of the scales at the insertion of the paired fins ; and on the inner

side of each pelvic fin (PL XXI, fig. 4, plv.) there is a peculiar row of two small scales

and a posterior large elongate-oval scale, less ornamented than usual. As shown

by the type specimen (PL XX, fig. 5) a large elongate-ovoid ridge-scale, finely

rugose but not serrated, occurs on the upper border of the caudal pedicle at the

origin of the caudal fin. There are no prominent ventral ridge-scales (PL XXI,

14



106 WEALDEN AM) PURBBCK FOSSIL FISHES.

iio-. h. All the principal scales are united by a peg-and-socket joint, which is

strengthened by a low vertical ridge on their inner face (PI. XX, fig. 7ft).

Horizon ami Localities.—Middle Purbeck Beds: Swanage; Upway, near

Weymouth.

2. Pholidophorus granulatus, Egerton. Plate XXI, figs. 5, 6.

1854-55. Pholidophorus granulatus, P. M. Gr. Egerton, Ann. Mag. Nat. Hist. [2], vol. iii, p. 434 ;

and Figs, and Descripts. Brit. Organic Remains (Mem. Geol. Sutv.), dec. viii, no. 4, pi. iv, figs. 1, 2.

1895. Pholidophorus granulatus, A. S. Woodward, Catal. Foss. Fishes, Brit. Mus., pt. iii, p. 470.

Type*—Imperfect fish ; Dorset County Museum, Dorchester.

Specific Characters.—A very robust species, attaining a length of about

30 cm. ; maximum depth of trunk equalling about one-third of the total length of

the fish. Head and opercular bones finely tuberculated or rugose, the tubercu-

lations extending over the dorsal scales of the abdominal region. Fin-rays smooth

and stout, and fulcra comparatively large. Pelvic fins arising far in advance of

the middle point of the trunk, and the dorsal fin opposed to them. Scales large,

ornamented with very fine oblique ridges, which radiate slightly and end at the

hinder margin in delicate serrations ; several series of flank-scales deeper than

broad ; lateral line inconspicuous.

Description of Specimens.—The type specimen displays well the squamation

of the trunk and the paired fins ; but it is deepened a little by crushing in the

ventral region, and the head bones are broken and displaced. Of the median fins

it exhibits only fragments. The other known specimens are still more imperfect,

but they show several of the most important characters of the genus and species.

One of these specimens (PI. XXI, fig. 5) is interesting as proving that in the

abdominal region there is a narrow flattened ventral face between the paired fins.

The roof of the skull, partly shown in PI. XXI, fig. G, is broad and not much
arched from side to side. The parietals (pa.) and squamosals (sq.) are not more
than one-third as long as the frontals, and their external face is closely ornamented
with radiating rows of fine tubercles. They are crossed by a groove for the

transverse slime-canal, and their hinder margin is deeply overlapped by the

supratemporals. Each frontal (fr.) is nearly twice as wide behind as in front,

slightly excavated for the large orbit at the outer border, and bifurcating at

the front border, where the antero-external angle is less produced than the

antero-internal angle, which must have rested on the mesethmoid. The median
frontal suture is deeply jagged between the middle of the orbits, but otherwise

only slightly wavy. A narrow supraorbital margin is nearly smooth, but the

greater part of the frontal is closely ornamented by radiating rows of fine

tubercles, which are fused into coarser ridges on the anterior bifurcating portion.
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The longitudinal slime-canal is marked by a few pores. Remains of the supra-

temporal and post-temporal plates behind are also closely and finely tuberculated.

The opercular apparatus is shown in inner view in PI. XXI, fig. 5. The

operculum (op.) is narrow above owing to the rounding of the postero-superior

angle, and its depth to the middle of the lower border equals its maximum width.

The large suboperculum (sop.) is half as deep as the operculum, and bears the

usual antero-superior prominence. The preoperculum is much expanded at its

angle, and the interoperculum is relatively small. The opercular bones and

remains of branchiostegal rays in the type specimen are finely granulated.

Although the neural and haemal arches in the vertebral axis are well ossified,

the centra must have been extremely delicate, for there is scarcely a trace of

them in the known specimens.

The scales are regularly arranged in about 45 transverse series ; and there

are 16 scales in the series above the origin of the pelvic fins, the ninth from

below being traversed by the slime-canal of the lateral line. On the flattened

ventral surface of the abdominal region they are rhombic and nearly equilateral,

deeply overlapping, and ornamented in their exposed portion with fine radiating

ridges, which end behind in serrations and pass forwards into tuberculations.

On the lateral edge of this ventral area each scale is bent along its antero-

posterior diagonal. On the flank. of the abdominal region the dorsal and ventral

scales are also rhombic and nearly equilateral ; but in each series eight or nine

scales are deeper than broad, the deepest being those of the lateral line and the

three horizontal rows beneath it. In the anterior series (PI. XXI, fig. 5a) these

scales are very deeply overlapping, and all are conspicuously ornamented with the

fine radiating ridges, which end at the hinder border in serrations. On the

principal scales the ridges cover nearly the whole of the exposed surface, leaving

only a small triangular rugose or tuberculated area near the lower border ; but on

most of the abdominal scales they pass forwards into tuberculations or rugae.

Further back and on the caudal region (fig. 56) the fine radiating ridges gradually

become shorter, leaving the rest of the scale smooth ; until towards the end of

the caudal pedicle both ridges and serrations disappear. In the anterior part of

the abdominal region (PI. XXI, fig. 5a) the lateral line is marked only by a slight

ridge and posterior notch on the scale ; but further back and in the caudal region

(fig. 56) it opens by a prominent perforation on most of the scales. In all the

scales of the abdominal region the peg-and-socket articulation is large, while the

inner rib is broad and prominent (PI. XXI, fig. 6a) ; in the hinder half of

the caudal region (fig. 66) both the articulation and the inner rib disappear.

There are enlarged scales round the anus near the origin of the anal fin.

The position of the fins is shown in the type specimen, but they are imperfect

in all known specimens. The pectoral fins, which comprise about 18 rays, are not

much more elevated than the pelvic fins, which comprise 10 or 12 rays and are
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Fringed with stout Fulcra. The pelvic pair is inserted nearer to the pectorals than

bo the anal, directly opposite the origin of the dorsal fin, which begins with 5 or 6

very stoul but small basal fulcra, more or less enamelled, and comprises not less

than 12 rays, perhaps 2 or :'> more. The anal fin must have been comparatively

small ; in the original of PI. XXI. fig. 5, there are the bases of 9 rays, with traces

of stout basal fulcra.

Horizon and Locality.—Middle Purbeck Beds : Swanage, Dorset.

o. Pholidophorus purbeckensis, Davies. Plate XXII, figs. 1— 3.

1887. Pholidophorus purbeckensis, W. Davies, Geol. Mag. [3], vol. iv, p. 337, pi. x, figs. 2—4.

1888. Pltolidoji/mriis purbeckensis, W. Davies, in R. Damon, Geol. Weymouth, ed. 3, Suppl. pi. xix,

fig. 1.

1895. Pholidophorus jmrbeckensis, A. S. Woodward, Catal. Foss. Fishes, Brit. Mus., pt. iii, p. 460.

Type.—Imperfect fish ; British Museum.

Specific Characters.—Attaining a length of 8—10 cm. Length of head with

opercular apparatus about equal to the maximum depth of the trunk and nearly

one-quarter of the total length of the fish. Head and opercular bones smooth or

feebly rugose ; teeth stout and sometimes slightly recurved. Fulcra smooth,

unusually large and stout on all the fins. Pelvic fins inserted about midway

between the pectoral and anal fins ; dorsal fin opposed to the space between the

pelvic and anal fins, with about 10 rays, the length of the foremost and longest

somewhat less than the depth of the trunk at its insertion ; anal fin also with about

10 rays, as elevated as the dorsal; length from insertion of anal fin to that of

caudal fin about equal to maximum depth of trunk. Scales large and smooth, the

hinder margin not serrated ; those of the lateral line much deepened, some four

times as deep as broad ; two scales above and below those of the lateral line also

moderately deepened ; lateral line forming only a feeble ridge.

Description of Specimens.—The type specimen (PI. XXII, fig. 1), obtained by

Mr. Robert Damon from the Lower Purbeck of the Isle of Portland, lacks the

greater part of the head, but displays well the contour of the trunk in side-view,

with fragments of all the fins. It also shows satisfactorily the squamation.

Another specimen, much splintered by crushing, also figured by Davies (loc. cit.

1887, pi. x, tig. 2), gives the proportions of the head and caudal fin, and displays

the characteristic large fulcra on the dorsal fin. A still finer specimen, with all

the fins, is represented somewhat magnified in PI. XXII, fig. 2, with a further

<'ii largernent of the fin-fulcra in fig. 2a. A dwarf example evidently of the same
from a corresponding horizon at Teffont, Wiltshire, is shown enlarged twice

in PI. XXII, fig. 3.

shown in a specimen figured by Davies (1887, pi. x, fig. 2), and in another
Swanage (B.M. no. P. L2347), the postorbital part of the cranial roof is very
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feebly but coarsely rugose. So far as can be observed in other specimens, the

cheek-plates, mandible, and opercular bones are for the most part smooth, but bear

occasional prominent tubercles. The cheek-plates seem to be arranged as ordi-

narily in Pholidophorus, but they are often much broken by crushing (as in the

original of PL XXII, fig. 3). The large orbit as usual is crossed by a very stout

parasphenoid bone ; and an inner bone of the mouth, perhaps the vomer, bears a

few stout conical teeth. The mandibular suspensorium is inclined forwards below,

so that the quadrate articulation is beneath the hinder half of the orbit. The

maxilla is gently arched, with comparatively small teeth. About half the length

of the mandibular ramus is occupied by its elevated coronoid portion.

As shown in the type specimen (PI. XXII, fig. l,pop.) the narrow preoperculum

is gently curved forwards below and not much expanded at the angle, where it is

grooved and pitted by the slime-canal but otherwise smooth. As shown from

within in PI. XXII, fig. 3, the suboperculum (sop.) is scarcely half as deep as the

operculum (op.), while the interoperculum (iop.) is large, long, and narrow. The

branchiostegal rays are short and broad ; and there seems to be a long and narrow

gular plate in the specimen figured by Davies (1887, pi. x, fig. 2), though this

interpretation is not certain.

The axial skeleton of the trunk is always more or less obscured by the

squamation, but a close series of vertebral centra in the form of delicate ossified

cylinders is seen in side-view in B.M. no. P. 8379, and an isolated centrum occurs

in end-view in the same specimen. Traces of similar centra and short delicate

ribs are also seen in the original of PI. XXII, fig. 2.

In the pectoral arch the supraclavicle (PI. XXII, fig. 1, scl.) is about three

times as deep as broad, with the outer face and hinder margin smooth. The

narrow exposed portion of the clavicle is marked by longitudinal ridges or plica-

tions. Two postclavicular scales are clearly seen above the pectoral fin both in

the original of PI. XXII, fig. 3, and in B.M. no. 40635, the lower being about as

broad as deep, the upper much deeper than broad, and tapering upwards. In the

pectoral fin (PI. XXII, fig. 2) the foremost ray is much stouter than the others,

and seems to have borne large fulcra. The pelvic fins are not much smaller than

the pectorals, and their foremost ray bears at least six large and deeply overlapping

smooth fulcra, which extend nearly to its distal end. The dorsal and anal fins,

the former just in advance of the latter, are similar in size and shape, each with

about ten divided rays, which rapidly decrease in length backwards, and of which

the foremost is fringed nearly to the end with eight or nine large and deeply

overlapping smooth fulcra. The relatively large forked caudal fin, with nearly

twenty rays, is similarly fulcrated, but the dozen fulcra above and below rapidly

decrease in size distally and do not reach the extremity of the foremost ray.

In all the fin-rays the segments between the articulations are somewhat longer

than broad.
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All the Bcales are smooth, with no posterior serrations. They are strengthened

on their inner face with a stout vertical ridge, and those of the abdominal region

are united by a large peg-and-socket articulation. They are arranged in nearly

10 regular transverse series; and above the origin of the pelvic fin the series

comprises 1 1 or 12 scales, of which the lateral line traverses the seventh or eighth

from the ventral border. In the abdominal region (PI. XXII, fig. la), the scales of

the lateral line are from four to three times as deep as broad; the next scales

above and below these 1 are about twice as deep as broad; the next above and

below are still somewhat, deeper than broad; those dorsally and ventrally are

smaller and nearly equilateral, or even broader than deep. The very narrow

flattened ventral face of the abdominal region is covered with small rhombic

seales; and there seem to have been slightly enlarged and modified scales, with

two or three posterior denticulations, round the anus. In the caudal region

( PI. XXII, fig. \h) the scales of the lateral line still remain somewhat deeper than

broad, and they are crossed very obliquely by the slime-canal. The other caudal

scales are rhombic and nearly equilateral, with a tendency to the rounding of the

hinder and upper margins. There is no conspicuously enlarged ridge-scale on

the caudal pedicle above or below, but there seem to be two or three short and

broad dorsal ridge-scales. The lateral line is marked only by a faint smooth ridge.

Horizons and Localities.—Lower Purbeck Beds: Portland, Dorset; Teffont,

Wiltshire. .Middle Purbeck Beds : Swanaere, Dorset."O^j

4. Pholidophorus brevis, Davies. Plate XXII, figs. 4, 5.

L887. Pholidophorus brevis, W. Davies, Geol. Mag. [3], vol. iv, p. o38, pi. x, fig. 1.

Type.—Imperfect fish ; British Museum.

Specific Characters.—A stout mutation of P. purbeclcensis, with a comparatively

short and robust caudal region.

Description of Specimens.—The type specimen (PL XXII, fig. 4), from the

Upper Purbeck Beds, is distorted, so that the head is accidentally shortened and
the abdominal region deepened, but it evidently represents a shorter and stouter

fish than the Lower Purbeckian J', purbeclcensis. Part of a second specimen, in

counterpart in the Egerton and Enniskillen Collections, indicates an equally stout

form (PI. XXII, fig. 5).

In the latter fossil the head appears to exhibit its true shape; and its length

to the back of the opercular apparatus clearly equals the maximum depth of the

lk
- Traces of a coarse rugosity are seen on the cranial roof. Stout conical

th. some with a slightly curved apex, occur in both jaws of the type specimen.

- less than half as deep as the operculum in both specimens,

e remains of the very delicate ring-vertebras are preserved especially
m the counterpart of the specimen figured in PL XXII, fig. 5.
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The pelvic, dorsal, and anal fins are rather well shown in the type specimen

(PI. XXII, fig. 4), which also retains fragments of the pectorals and caudal.

The former appear to agree in all respects with the corresponding fins of P.

purbeckensis, being only slightly smaller in proportion to the depth of the trunk.

The scales are also evidently similar to those of the earlier species just mentioned.

In both specimens they are much fractured, and nearly all are exposed from the

inner face, displaying the strong vertical rib, with the peg-and-socket articulation

in the abdominal region. They are, however, clearly smooth and without posterior

serration.

Horizon and Locality.—Upper Purbeck Beds : Upway, near Weymouth, Dorset.

Genus CERAMURUS, Egerton.

Ceramurus, P. M. Gr. Egerton, in Brodie's Fossil Insects, 1845, p. 17.

Generic Characters.—Trunk slender fusiform, and head relatively large ; noto-

chord persistent, surrounded with spaced ring-vertebra? ; ribs short and delicate.

Fin-fulcra few, long and slender. Pectoral and pelvic fins long, but few-rayed

;

dorsal and anal fins not extended, the former in advance of the latter ; caudal fin

long, but probably somewhat forked. Squamation absent on flanks, except,

perhaps, a rudiment anteriorly ; a short series of robust ganoid ridge-scales on both

borders of the hinder half of the caudal region.

Type Species.—Ceramurus macrocephalus, irom the English Purbeck Beds.

1. Ceramurus macrocephalus, Egerton. Plate XXII, fig. 7.

1845. Ceramurus macrocephalus, P. M. Gr. Egerton, in Brodie's Fossil Insects, p. 17, pi. i, fig. 2.

1895. Ceramurus macrocephalus, A. S. Woodward, Greol. Mag. [4], vol. ii, p. 401; and Catal. Foss.

Fishes, Brit. Mus., pt. iii, p. 489.

Type.—Nearly complete fish ; British Museum.

Specific Characters.—A slender species, at least 4*5 cm. in length. Length of

head with opercular apparatus nearly twice as great as the maximum depth of

the trunk, and contained about four-and-a-half times in the total length of the fish.

Pectoral and pelvic fin-rays about equal in length : dorsal fin with about 10 rays,

opposed to the pelvic pair ; anal fin with 8 or 9 rays, completely behind the

dorsal. Caudal ridge-scales smooth, those of the upper border especially acumi-

nate, each being produced into a long point.

Description of Specimens.—This species is known only by three specimens :

the type discovered in the Middle Purbeck of Dinton, Wiltshire, by the Rev. P. B.

Brodie (shown enlarged in PI. XXII, figs. 7, 7a) ; a more imperfect fish discovered
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i ii the Lower Put-beck of Teffont, Wiltshire, by the Rev. W. R. Andrews (B.M.

no. P. 9850); and a nearly complete specimen from an unrecorded locality near

Weymouth (B.M. no. 1*. 7506). The type specimen is preserved in counterpart,

but the head and caudal fin are crushed and imperfect, while a vein of calcite

crosses obliquely the hinder end of the abdominal region. Remains of the cranial

roof show that the bones are smooth or only faintly rugose. The frontals (fr.)

form a symmetrical pair separated by a straight median suture, and excavated

laterally by a large orbit. The parietals (pet.), which are also a symmetrica] pair

divided by a straight median suture, are each longer than broad, and marked

behind by a large groove for the transverse slime-canal. They are well seen again

in inner view in B.M. no. P. 9850. The parasphenoid, which is displaced, is very

stout. The mandibular suspensorium must have been inclined forwards, and the

small fan-shaped quadrate (qh-), with its posterior cleft for the symplectic, is seen

in the fossil below the front of the orbit. Remains of the opercular apparatus

show that it is smooth.

The vertebral centra are delicate rings, which appear to have been arranged in

a spaced series, so that in their crushed condition in the type specimen most of

them are exposed in end-view. Some of those in the abdominal region of B.M.

no. P. 7506 are in side-view, and shown to be slightly constricted. Towards the

end of the caudal region the centra may have been incomplete, and in the upturned

extremity they are apparently absent. In advance of the dorsal fin the neural

arches are much shorter than their appended spines, which are loosely apposed and

seem to have nearly reached the dorsal border. Beneath the dorsal fin the short

neural arches bear extremely short spines. The ribs shown in the type, but best

seen in B.M. no. P. 9850, are short and delicate throughout the abdominal region.

The short neural and haemal spines in the caudal region are fused with their

respective arches, and these also probably with the vertebral rings. Where the

axis is upturned within the caudal fin, the haemal spines are enlarged and

thickened as usual. There are no traces of intermuscular bones.

The fins consist of long, slender rays, with distant articulations, and apparently

not forked more than once at the distal end. Each is fringed by a few very long

and slender fulcra, which are conspicuous by their enamelled surface. The clavicle

i<7.) is relatively large and much curved, widest below, and with a thin laminar

expansion in its anterior concavity. Above the left clavicle, which is displaced

backwards in the type specimen, there is a deep and narrow supraclavicle (scl.).

There also seem to be remains of large, smooth postclavicular scales. Both the

pectoral and pelvic fins are crushed close to the body, and display their character-

istic fulcra. One of the pelvic fin-supports is seen, slightly expanded proximally,

much constricted mesially, more widely expanded distally. The length of the

longest rays of the short dorsal fin is greater than the depth of the trunk at their

insertion, and the elongated fulcra are especially stout at the base. Nine supports,
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of which those anteriorly are stouter than the rest and somewhat winged, can be

counted in front of the vein of calcite in the type fossil. The anal fin, which is

slightly less elevated than the dorsal, comprises 8 or 9 rays, which, when

adpressed, nearly reach the base of the caudal fin. Five fulcra are conspicuous

on the anterior margin. The caudal fin, known only in the type specimen, is

imperfect, and distorted upwards so that its precise shape is uncertain, but it seems

to have been forked.

The only traces of scales on the trunk are immediately behind the pectoral

arch, but these may represent merely postclaviculars. Robust, smooth, over-

lapping ganoid ridge-scales, however, are conspicuous on both borders of the

caudal pedicle. The dorsal series begins above the middle of the anal fin, the

scales all very sharply pointed (PI. XXII, fig. 7b) and gradually increasing in

size until they pass into the upper caudal fulcra. The ventral series comprises

only three smaller and less acuminate scales, occupying the hinder half of the

space between the anal and caudal fins.

Horizon and Locality.—Middle and Lower Purbeck Beds : Vale of Wardour,

Wiltshire. Purbeck Beds : near Weymouth, Dorset.

Genus PLEUROPHOLIS, Egerton.

Pleuropholis, P. M. Gr. Egerton, Figs, and Descripts. Brit. Organic Remains (Mem. Geol. Surv.), dec. ix,

1858, no. 7.

Generic Characters.—Trunk elongate-fusiform, with rounded back and sharp

ventral border; upper caudal lobe conspicuous. External bones smooth, or deli-

cately ornamented with rugoe and tuberculations ; sensory canal on cheek-plates

with branches ; mouth very small, with minute teeth ; maxilla more or less arched,

the oral margin convex. Vertebral centra annular; ribs short and delicate.

Fulcra present on all the fins. Pelvic fins well developed, but smaller than the

pectorals ; dorsal and anal fins longer than deep, opposite ; caudal fin forked.

Squamation complete ; scales thick and moderately overlapping ; those of the

middle of the flank excessively deepened, covering nearly the whole of it, each

strengthened within by a broad rib and exhibiting a peg-and-socket articulation
;

dorsal and ventral scales few, relatively small and rhomboidal. Lateral line

deflected, passing down the second or third deepened flank-scale and then

traversing the uppermost row of small ventral scales.

Type Species.—Pleuropholis attenuata, from the English Middle Purbeck Beds.

Remarks.—The osteology of the head in Pleuropholis is still very imperfectly

known, but its cheek-plates seem to resemble those of Pholidophorus in being only

in a single series. The most remarkable feature of the genus is the deflection of

the lateral line ; but it must be added that in one species from the Lithographic

Stone of Bavaria Miss Mary S. Johnston has also discovered slight traces of a

15
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slime-canal on the deepened flank-scales of the caudal region (Geol. Mag. [5],

vol. vi, 1909, p. 311), and there are similar traces in Plenropholis serrata described

below (p. 121).

Pleuropholis occurs chiefly in the Lithographic Stone (Lower Kimmeridgian)

of Bavaria and France, bul is also known by fragments in the Wealden of Belgium

(R. H. Traquair, " Les Poissons Wealdiens de Bernissart," Mem. Mus. Roy. Hist.

Xat. Belg., vol. v, 1911, p. 45, pi. ix, figs. 1—3).

A.
.--—T"~

:
v '

B.

Fio. 35.

—

a. Pleuropholis attenuata, Egerton; type specimen, about twice nat. size.—Middle Purbeck
Beds : Apsel Lane, Sutton Mandeville, Wiltshire, b. Pleuropholis longicauda, Egerton; type specimen,
nut. size.—Middle Purbeck Beds; Swanage, Dorset, c, d. Pleuropholis serrata, Egerton ;

portions of

flank-scales, outer (c) and inner (d) views, enlarged.—Pm-beck Beds ; Hartwell, near Aylesbury,
Buckinghamshire. After Egerton.

1. Pleuropholis attenuata, Egerton. Text-figure 35a.

1854. Pleuropholw attenuatua, J. Morris {ex Egerton, MS.), Catal. Brit. Foss., ed. 2, p. 3:39 (name

only).

1858. Pleuropholis attenuatus, P. XT. G. Egerton, Figs, and Descripts. Brit. Organic Remains (Mem.
Geol. Surv.), dec. ix, no. 7, p. 1, pi. vii. fig. 1.

1895. Pleuropholis attenuata, A. S. Woodward, Catal. Foss. Fishes, Brit. Mus., pt, iii, p. 483.

Type.—Imperfect fish ; apparently lost.

I 'haracters.—The type species [known only by one specimen 5 cm. in

length]. Length of head with opercular apparatus somewhat exceeding maximum
nk and contained about five times in total length of fish; caudal

slender, about half as deep as deepest flank-scale. Opercular bones
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smooth. Pelvic fins arising midway between the pectorals and the anal ; dorsal

fin, with 10 rays, arising opposite the origin of the anal fin, which comprises at

least 12 rays, and arises nearly midway between the pectoral and caudal fins.

Scales smooth, not serrated.

Remarks.—This species is still known only by the type specimen discovered by

Mr. H. W. Bristow, which is now missing. The above definition is based on

Egerton's description and figure (reproduced here in Text-fig. 35a).

Horizon and Locality.—Middle Purbeck Beds : Apsel Lane, Sutton Mandeville,

Wiltshire.

2. Pleuropholis formosa, sp. nov. Plate XXII, fig. 8; Plate XXIII, figs. 8—11;

Text-figure 36.

Type.—Nearly complete fish ; British Museum.

Specific Characters.—A slender, regularly fusiform species, attaining a length

of about 7 cm. Length of head with opercular apparatus about equalling maximum
depth of trunk, and contained from five to six times in total length of fish ; caudal

pedicle about two-thirds as deep as deepest flank-scale. Opercular bones smooth.

Pelvic fins arising slightly nearer to the anal than to the pectorals ; dorsal fin,

with 9 or 10 rays, arising just behind the origin of the anal, which is somewhat

larger, with 11 or 12 rays, of which the length of the foremost is somewhat less

than the depth of the trunk at its insertion. Scales smooth, not serrated.

Description of Specimens.—The type specimen, though fractured, seems to

exhibit the general shape of the fish, with the complete caudal fin and enough

remains of the other fins to indicate their position and proportions (PI. XXIII,

fig. 8). Parts of five smaller specimens on the same slab of limestone show various

additional details ; and several distorted examples obtained by the Rev. W. R.

Andrews and others from the same horizon and locality confirm and extend our

knowledge of the osteology of the species.

All the external bones of the head and opercular apparatus seem to have been

smooth, covered with shining ganoine, and marked only by the occasional ridges

and pores of the slime-canals. The cranial roof slopes gently downwards and

forwards, without any marked bend in the frontal region; but in the basicranial

axis the parasphenoid, as seen in side view crossing the orbit (PI. XXIII, fig. 9, pas.),

is much arched, inclining downwards and forwards as it leaves the pro-otic region,

and then turning upwards to the short ethmoid region. The orbit is very large,

and there is a delicate ossification in the sclerotic. The single series of cheek-

plates round the orbit is narrow, and marked only by the large slime-canal, which

traverses the orbital margin as usual. The mandibular suspensorium is much

curved forwards, so that the quadrate articulation is beneath the anterior half of

the orbit, and the gape of the mouth is very small. The entopterygoid (PL XXIII,
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fig. '.'. enpt) is a relatively large delicate lamina of bone, while the ectopterygoid

(ecpt.) forms a stout bar at its lower border in front of the quadrate. The

maxilla and premaxilla are unknown. The mandibular ramus (md.) is especially

short and deep, and its dentary portion must have been comparatively small.

There seem to be traces of minute conical teeth near the front of both jaws.

The operculum, displayed partly from within, partly as an impression in

PL XXIII, fig. (
.) (op.), is not less than two-thirds as wide as deep, and narrowed

towards the upper end. Its outer face is somewhat convex, and quite smooth,

though marked by a feeble waviness concentric with the lines of growth. The

suboperculum and interoperculnm are comparatively small : the former is much
widci- than deep, while the latter seems to taper upwards into a point between the

operculum and preoperculum. The preoperculum, seen from within in PI. XXIII,

fig. 9 (pop.), is sharply bent at the expanded angle, the tapering upper and lower

Fig. 36.

—

Pleuropholis formosa, sp. nov. ; restoration, somewhat enlarged.—Lower Purbeck Beds; Teffont,
Wiltshire.

limbs being nearly equal in size and at right-angles to each other. It is traversed

by a conspicuous slime-canal, from which two or three straight branches radiate

backwards at the angle. There are trace's of large branchiostegal rays below the

interoperculnm.

The axial skeleton of the trunk is usually obscured by the thick squamation,
but delicate cylindrical vertebral centra are observable in some broken specimens
discovered by the Rev. W. R. Andrews (B.M. no. P. 9851).

Each of the pectoral fins comprises a dozen rays, of which the length of the

longest about equals that of the head without operculum. Near its base the

fringing fulcra are normal, but in its distal half they are more widely spaced and
each bears an ovate expansion at its apex (PL XXIII, fig. 10). The pelvic fins are
only about two-thirds as large as the pectorals, with not less than rays and
normal slender fulcra. The dorsal and anal fins are about equally elevated, with

L rays respectively, of which the length of the foremost is less than the
the trunk at its insertion. As shown when the squamation is removed

Kill, fig. 11), each ray is separated from its corresponding support by a
intercalated rod, as in the existing Amia. All the rays bifurcate once or

'tally, with wide articulations. As in the type specimen, the fulcra are
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usually slender and normal, becoming very small before disappearing distally ; but

in one specimen (B.M. no. P. 6304) the fulcra of the anal fin bear expansions like

those already described on the pectoral fulcra. The caudal fin is nearly complete

in the type specimen, displaying its 16 rays, of which 4 in the middle are well

spaced. Its deeply overlapping fulcra are very slender, and become minute distally

before they disappear. The upper caudal lobe of the. body is prominent.

As shown by the type specimen, all the scales are smooth, without posterior

serrations, and they are arranged in about 40 regular transverse series. All,

except those near the end of the tail, are strengthened within by a broad vertical

ridge, and united by a peg-and-socket articulation. The deepened flank-scale

occurs in more than 80 of these series before it begins to subdivide on the caudal

pedicle, being from four to five times as deep as its complete width in the front

part of the abdominal region, and gradually becoming not much more than twice

as deep as wide before subdivision on the caudal region. Each scale exhibits a

slightly sigmoidal bend, and its lower end is truncated, while its upper end tapers

a little as it curves forwards. Above each large flank-scale there are two other

scales, of which the lower at least is deeper than wide ; and there seem to be

indications of the large flattened dorsal ridge-scales, such as are well seen in an

example of another species of Pleuropholis from the Lithographic Stone of Cirin,

Ain, France, in the British Museum (no. P. 4691a). The foremost upper scale is

traversed by the slime-canal of the lateral line, which then passes down the second

deepened flank-scale, and continues its course along a row of nearly square scales

adjacent to the lower ends of the deepened flank-scales. Usually in the fossils the

tubular excavation of the lateral line is exposed, but Avhen a scale is perfect its

only mark is a faint ridge. In the abdominal region there are four scales, wider

than deep, beneath that of the lateral line, the lowest apparently forming the

ventral ridge. At the base of the anal fin one row occurs beneath the lateral line,

while in the caudal region beyond there seem to be three rows. On the caudal

pedicle the deepened flank-scale is divided by a transverse suture into two, then

into three scales, and the terminal scales are very small and rhombic. The lateral

line ends abruptly at the insertion of the lowest of the four spaced caudal fin-rays.

The acutely pointed and deeply overlapping caudal ridge-scales which pass into

the fulcra of the caudal fin above and below are only moderately enlarged.

Immature Fish (PL XXII, tig. 8).—The immature Pleuropholi*, only about

3 cm. in length, shown enlarged in PI. XXII, fig. 8, has a relatively large head

;

but it may well be the fry of the species now described. It still lacks all the

scales except the middle portion of those of the flank, and thus displays the

internal skeleton. The remains of the head are much broken by crushing, but

the curved parasphenoid is distinct in side view, and the relatively small mandible

is observable. The course of the persistent notochord is indicated by a vacant

space, but the neural and haamal arches are well calcified. In the abdominal
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region, the righl and left halves of each neura] arch are separate both from each

other and from the neural spine, which is comparatively short ; the ribs, which do

qoI reach the ventral border, arc very slender, but attached to rather stout

triangular ossifications abutting on the notochord. In the caudal region both the

neural and haemal arches are fused with their recurved spines, which are also

small. Beneath the upturned end of the notochord the haemal arches supporting

the caudal fin are much enlarged and thickened; and in'tlie upper caudal lobe

there are traces of a separate series of short rods below the fulcral ridge-scales.

Fulcra are not clear on any of the fins except the caudal, but the rays and their

supports are well calcified. Six divided rays and one short simple anterior ray

are seen in one of the pelvic fins. Nine and eleven divided rays respectively can

be counted in the dorsal (fig. 8tt) and anal fins, besides a few short simple rays in

front, each ray (except perhaps anteriorly) being separated from its corresponding

support by a short intercalated rod, as in Amia. It may be added that there are

t races of ganoine on some of the rudimentary flank-scales. White granular

material, probably phosphatic, in the body-cavity may represent food.

Horizon and Locality.—Lower Purbeck Beds: Teffont. Vale of Wardour,

Wiltshire.

3. Pleuropholis crassicauda, Egerton. Plate XXIII, figs. 12, 13.

1858. Pleuropholis crassicaudus, P. M. G. Egerton, Figs, and Descripts. Brit. Organic Remains

(Mem. Geol. Surv.), dec. ix, no. 7, p. 3, pi. vii, fig. 2.

1895. Pleuropholis crassicaudata, A. S. Woodward, Catal. Foss. Fishes, Brit. Mns., pt. iii, p. 48-i,

pi. xiv, fig. 5.

Type.— Portion of fish; British Museum.

Specific Characters.—As I', formosa, so far as known, but the trunk relatively

deeper, its maximum depth a little exceeding the length of the head with

opercular apparatus.

Description of Specimens.—The type specimen in the P. B. Brodie Collection

(PI. XXIII, fig. 12) is too imperfect for specific determination, but it evidently

represents the same species as a more nearly complete specimen from the same
horizon and locality shown enlarged in PL XXIII, fig. 13. The latter may
therefore be used for the specific diagnosis, as above.

The type specimen (PI. XXIII, fig. 12) seems to show the complete length of

he head, with indications of the very large orbit, stained black, the short ethmoid
and the narrow postorbitals traversed by a large slime-canal. The upper

preoperculum, also with a conspicuous slime-canal, is distinct; and the

rly complete operculum, abouf two-thirds as wide as deep, is seen to be
lut marked with a slight vvaviness concentric with the lines of growth.
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The second specimen (fig. 13), of which the jaws, shown mainly in impression,

are somewhat displaced forwards, exhibits also traces of an ossified sclerotic.

Only fragments of the fins are preserved, but the places of origin of allexcept

the dorsal are seen in the second specimen, where the extent of the forked caudal

is also traceable. Stout deeply overlapping fulcra fringe the pelvic, anal, and

caudal fins, those at the origin of the lower lobe of the caudal fin in the type

specimen being displaced and especially conspicuous. The distantly articulated

rays in the lower caudal lobe are especially well enamelled.

The scales must have been in about 40 transverse series. Some of the

deepened flank-scales in the type specimen exhibit an irregular waviness of the

outer face, doubtless following lines of growth, while those of the second specimen

are exposed from within, showing the broad vertical ridge on their inner face, and

the peg-and-socket articulation. The caudal scales preserved in the type specimen

are clearly not serrated, while those in the second specimen, though bearing the

internal ridge, lack the peg-and-socket articulation. As shown in PL - XXIII,

fig. 13, the lateral line curves down the second deepened flank-scale to traverse

the usual ventral row of nearly equilateral scales ; as shown on the tail of the type

specimen, its course is marked by a slight smooth ridge on the outer face.

Horizon and Locality.—Middle Purbeck Beds: Durdlestone Bay, Swanage,

Dorset.

k Pleuropholis longicauda, Egerton. Plate XXIV, figs. 1,2; Text-figure 35b.

lfi-58. Plewropliolh longicaudus, P. M. Gr. Egerton, Figs, and Descripts. Brit. Organic Remains (Mem.

Geol. Snrv.), dec. ix, no. 7, p. 3, pi. vii, fig. 4.

1895. Pleuropholis longicaudata, A. S. Woodward, Catal. Poss. Fishes, Brit. Mus., pt. iii, p. 483.

Type.—Imperfect fish ; apparently lost.

Specific Characters.—Imperfectly known, but attaining a length of about 9 cm.,

and the head with opercitlar apparatus occupying somewhat more than one-sixth of

this length. Probably distinguished from all other known species by the depres-

sion of the head, which seems to have been scarcely more than half as deep as the

middle part of the trunk. Scales smooth, not serrated ; the rhombic dorsal and

ventral scales often produced to a sharp point at their postero-inferior angle.

Description, of Specimens.—The type specimen (Text-fig. 35b, p. 114), which

was in Mr. W. R. Brodie's Collection, cannot now be traced, and the description and

figure given by Egerton are insufficient to diagnose the species. One specimen in

the British Museum, however, from the Middle Purbeck Beds of Swanage, is

labelled " Pleuropholis longicaudus " by Egerton, and two other specimens from

the same formation and locality also seem to belong to this species. It may,

therefore, probably be defined as above.

The head seems to be crushed upwards in the type specimen. Its compara-
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tively small size is best shown in the original of PI. XXIV, fig. 1, but the bones are

so much broken by crushing that their outlines are rather obscured. The relatively

large orbit is bounded behind, below, -and in front by the single series of smooth

cheek-plates, which are traversed by the usual circumorbital slime-canal. The

gape of the mouth is evidently small. The opercular bones, partly seen also in

PI. XXIV, fig. 2, are smooth. The large angularly-bent preoperculum is marked

only by the groove of the slime-canal. The operculum is about two-thirds as wide

as deep, and the suboperculum is relatively small. The interoperculum seems to

be triangular in shape and deeper than wide, its apex rising between the lower end

of the operculum and the preoperculum.

Delicate ring-vertebrae and short slender ribs are exposed by the removal of

the scales in the specimen labelled by Egerton (B.M. no. P. 1101).

The bases of about nine very stout rays are seen spread out in the pectoral fin

of PI. XXIV, fig. 1 ; and the foremost pectoral ray in fig. 2 bears a regular series

of very slender fulcra. The pelvic fins, which are shown in two specimens to

arise midway between the pectorals and the anal, also consist of unusually stout

rays. The dorsal and anal fins arise directly opposite each other, but are incom-

pletely known.

The scales are clearly all smooth without any posterior serrations. The depth

of the deepest flank-scale, above the pelvic fins, slightly exceeds four times its

complete width (fig. 2a). The rhombic dorsal and ventral scales are often pro-

duced into a sharp point at their postero-inferior angle, and both the dorsal and

ventral ridge-scales are sharply pointed behind (figs, la, 2a). Two rows of

scales intervene as usual between the principal flank-scales and the dorsal ridge-

series, the lower being slightly the deeper ; while five small scales occur below

each principal flank-scale as far back as the pelvic fins, the uppermost being

traversed by the lateral line. The ventral scales become fewer behind, as already

described in P. formosa (p. 117), and the stout ventral ridge-scales are compara-

tively small.

Horizon and Locality.—Middle Purbeck Beds : Swanage, Dorset.

5. Pleuropholis serrata, Egerton. Text-figure 35c, n.

1858. Pleuropholis serratus, P. M. G-. Egerton, Figs, and Descripts. Brit. Organic Remains (Mem.

Geol. Surv.), dec. ix, no. 7, p. 5, pi. vii, figs. 5—9.

1895. Pleuropholis serrata, A. S. Woodward, Catal. Foss. Fishes, Brit. Mus., pt. iii, p. 487.

Type.—Imperfect fish ; collection of late Dr. John Lee, Hartwell.

Specific Characters.—Imperfectly known, but a comparatively stout fish

attaining a length of about 10 cm. Head and opercular bones smooth. Scales

also smooth, but those of the deepened flank-series with fine oblique serrations on

the hinder border.
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Description of Specimens.—All the known examples of this species are much
crushed and broken, but it is easily distinguished from the other Purbeckian

species by its less elegant proportions and by the serration of the principal

flank-scales. Both the head and opercular bones are shown to have been smooth.

The vertebral centra are preserved as delicate cylinders, with very little constriction.

The fulcra on the anal fin are very slender. The fine oblique serration of the

principal flank-scales has already been described and figured by Egerton, who

also notes the broad thickened band on the inner face connected with the peg-and-

socket articulation (Text-fig. 35c, d, p. 11 -A). There is an occasional opening for

slime-apparatus in these scales, but the lateral line as usual clearly passes along

the row of small scales immediately below. The dorsal and ventral scales do not

appear to be serrated.

Horizon and Localities.—Purbeck Beds : Hartwell and Bishopstone, Bucking-

hamshire.

Family OligopleuimDjE.

These are the latest primitive teleosteans which retain fulcra on all the fins.

They occur chiefly in the Lower Kimmeridgian (Lithographic Stone) of France

and Germany, though they also range through Cretaceous formations. Some

Wealden and Purbeck fossils have been wrongly referred to OUgopleurus itself on

imperfect evidence (see p. 129), but a maxilla (PI. XVII, fig. 8), from the Middle

Purbeck of Swanage, may perhaps belong to the allied genus (Eonoscopus, Costa.

This bone much resembles the maxilla of Megalurus and Amiopsis, but it agrees

still more closely with the same bone in two specimens of GUonoscopus cyprinoides,

from the Lithographic Stone of Bavaria, in the British Museum (as already

mentioned in Geol. Mag. [4], vol. ii, 1895, p. 151, pi. vii, fig. 9). It is much laterally

compressed, and more than twice as deep behind as in front ; its hinder margin is

slightly excavated, while its anterior end is produced into a stout incurved portion

for articulation with the palatine. Its outer face is almost smooth, being very faintly

rugose, and the oral margin is only slightly sinuous. The teeth do not vary much

in size, and are small, but stout and conical, with the blunt enamelled apex turned

somewhat inwards. They are hollow and smooth, and closely though irregularly

arranged. Some teeth are broken away from the gaps observed in the series.

Family Leptolepim;.

Genus LEPTOLEPIS, Agassiz.

Leptolepis, L. Agassiz, Neues Jahrb. fur Min., etc., 1832, p. 146.

Oxygonius, L. Agassiz, in Brodie's Fossil Insects, 1845, p. 16.

Tharsis, C. G. Griebel, Fauna der Vorweli, Fische, 1848, p. 145.

Sarginites, 0. Gr. Costa, Atti Accad. Pontan., vol. v, 1850, p. 285.

Megastoma, O. G. Costa, loc. cit., 1850, p. 287,

16
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Generic Characters.—Head large and teeth minute; sclerotic ossified. Maxilla

arched, with a slightly convex tooth-bearing border; mandible prominent, and

dentary rising sharply into a thickened, obtuse elevation near its anterior end
;

preoperculum broad mesially, with a large inferior limb, marked with radiating

ridges; suboperculum large, but smaller than the trapezoidal operculum, from

which it is divided by an oblique suture. Vertebral centra in the form of much-

constricted cylinders, with little or no secondary ossification. Pelvic fins relatively

large; dorsal fin about as long as deep, opposed to the pelvic pair or to the

space between the latter and the anal ; anal fin small, not much extended ; caudal

fin deeply forked. Scales completely covering^he trunk ; no enlarged or thickened

ridge-scales.

Type Species.— Leptolepis bronni (L. Agassiz, Poiss. Foss., vol. ii, pt. i, 1888,

*s«3S?

Fio. 37.

—

Leptolepis dubius (Blainville) ; restoration of skeleton, scales omitted, reduced in size.—Lower
Kimmeridgian (Lithographic Stone) ; Bavaria. From British Museum Catalogue of Fossil Fishes.

p. 13; pt. ii, 1844, pp. 133, 294), from the Upper Lias of AViirtemberg, Bavaria,

France, and England.

Remarks.—The most characteristic bone of Leptolepis is the dentary of the

mandible (PI. XXIII, fig. 7). The genus has a very wide distribution both in time

and space, ranging from the Upper Lias to the Lower Cretaceous in Europe, and

from Spitzbergen in the north to Australia in the south. The later species as a

rule (e. g. Leptolepis dubius. Text-fig. 37) exhibit more secondary ossification in

the vertebrae than the earlier species ; but a Kimmeridgian form from King Charles

Land (L. nathorsti, A. S. Woodward, Bihang K. Svensk. Vet.-Akad. Handl.,

vol. xxv, sect, iv, no. 5, 1900, p. 4, figs. 2—11) and the Purbeckian species

described below seem to have primitive vertebral centra like those of L. bronni.

1. Leptolepis brodiei, Agassiz. Plate XXIII, figs. 1— 6.

1845. Leptolepis brodiei, L. Agassiz, in P. B. Brodie, Foss. Insects, p. 15, pi. i, figs. 1, ::.

1845. Leptolepis nanus, P. M. G. Egerton, in P. B. Brodie, op. cit., p. 15, pi. i, fig. 5.
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1845. Oxygonius tenuis, L. Agassiz, in P. B. Brodie, op. cit., p. 16, pi. i, fig. 4.

1850. Sarginites pygmseus, O. G. Costa, Atti Accad. Pontan., vol. v, p. 285, pi. vi, figs. 6—8.

1850. Megastoma apenn.imim, O. G. Costa, loc. cit., vol. v, p. 287, pi. vi, figs. 9, 10.

1853. Sarginites pygmseus, O. G. Costa, loc. cit., vol. vii, p. 7, pi. i, fig. 4.

1853. Megastoma apenninum, O. G. Costa, loc. cit., vol. vii, p. 8, pi. i, fig. 3.

1879. Leptolepis neocomiensis, F. Bassani, Verhandl. k. k. geol. Keichsanst., p. 164.

1882. Leptolepis neocomiensis, F. Bassani, Denkschr. k. Akad. Wiss. Wien, math.-naturw. CI.,

vol. xlv, p. 204, pi. ii, figs. 1—5.

1895. Leptolepis brodiei, A. S. Woodward, Geol. Mag. [4], vol. ii, p. 150, pi. vii, figs. 5, 6 ; also Catal.

Foss. Fishes Brit. Mus., pt. iii, p. 515.

1912. Leptolepis brodiei, F. Bassani and G. D'Erasmo, Mem. Soc. Ital. Sci., XL [3], vol. xvii, p. 229,

pi. iv, fig. 6.

1915. Leptolepis brodiei, F. Bassani and G. D'Erasmo, Palaeont. italica, vol. xxi, p. 12, pi. i, figs. 4—6.

Type.—Imperfect fish ; British Museum.

Specific Characters.—A small species, attaining a length of about 5 cm., but

usually smaller. Length of head with opercular apparatus exceeding the maximum
depth of the trunk, and contained about four times in the total length of the fish

;

width of caudal pedicle at least half the maximum depth of the abdominal region.

Vertebrae from 40 to 45 in number, about half being caudal ; the centra smooth ;

the neural and haemal spines in the caudal region nearly straight. Pelvic fins

arising about midway between the pectoral and anal fins, opposite to the anterior

half of the dorsal, which has 10 or 11 bifurcated rays besides 2 or 3 shorter

simple rays in front ; anal fin with about 7 rays, arising nearer to the caudal than

to the pelvic fins.

Description of Specimens.—The type specimen, which is shown enlarged in

PL XXIII, fig. 3, is a little distorted by the crushing upwards of the ventral border

of the hinder abdominal region, while its caudal region is imperfect and lacks the

caudal fin. The clavicles of the fish may also be slightly crushed backwards. It

shows, however, most of the characteristic features of the species. The second

specimen figured by Brodie is similarly crushed, and is important as displaying

the distinctive shape of the dentary bone (PL XXIII, fig. 4). Other specimens in

the Brodie Collection, and still finer examples discovered by the Rev. W. R. Andrews,

nearly complete our knowledge of the species. Two of these seem to show the

true shape of the trunk and the proportions of the caudal fin (PL XXIII, figs. 5, 6).

All these fishes have the appearance of immaturity, Avith a relatively large

orbit, which is often marked by a black stain. The head and opercular bones are

smooth, and the slime-canals are relatively large, as shown especially by the frontals

when exposed from below (B.M. no. P. 7635). The slender parasphenoid is nearly

straight, but curves upwards a little both in front and behind. The mandibular

suspensoriuni is inclined much forwards, so that the articulation is beneath the

middle of the orbit. In one specimen discovered by Rev. W. R. Andrews (B.M.

no. P. 6305) minute teeth seem to occur on the slender arched maxilla, which has
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a thickened upper border. In three specimens the ceratohyal is shown as a simple

hour-glass-shaped bono, without any ossified filament connecting its ends. The

preoperculum, as usual, is sharply bent at its angle, with a relatively large lower

limb j and there seem to be two or three ridges radiating backwards from the

slime-canal on the slight expansion at the angle. There are not less than 10

branchiostegal rays, of which the foremost are relatively small, slender, and spaced.

The exact number of the vertebras is uncertain, but there are about 22 in the

abdominal region and at least 20 in the tail. About four are comprised within

the branchial region, and there are five or six in the upturned end which supports

the caudal fin. As shown both by the type specimen and by others, the centra

are delicate constricted cylinders pierced by a considerable remnant of the noto-

chord, and their outer surface is smooth, not strengthened by longitudinal ridges.

The neural arches are longest in the anterior half of the abdominal region, where

they support loosely-apposed stout neural spines as far back as the origin of

the dorsal fin (PI. XXIII, fig. 3). Beneath the dorsal fin the neural arches are

much shortened, without separate neural spines, and in the caudal region they

are also short, sharply inclined backwards, and symmetrical with the haemal arches.

The slender arched ribs extend nearly to the ventral border, and the expanded

haemal arches supporting the caudal fin are all separate (PL XXIII, fig. 5).

Intermuscular bones, very delicate, are seen only lying across the neural spines in

the abdominal region.

As shown in both the specimens figured by Brodie (re- figured in PI. XXIII,

figs. 3, 4), the pelvic fins are not much less elevated than the pectorals. They

comprise 7 or 8 rays, and seem to be inserted opposite the front half or the

middle of the dorsal, their position varying in the fossils according to the manner

in which they are crushed. The dorsal fin is especially well seen in the type

specimen, where its maximum depth somewhat exceeds that of the trunk (fig. 3).

Its foremost three rays are short and simple, gradually increasing in length ; next

there are 1 or 1 1 rays which bifurcate, and are distantly articulated in their

distal half and slightly diminish in size backwards. Of the fin-supports the

foremost two or three are fused together at an acute angle, while above the others

there are distinct traces of the short intercalary pieces which are well known in

Amia and several fossil Amioids. The remote anal fin, best seen in PI. XXIII,
fig. 6, is small, and comprises only about 7 rays, rapidly shortening backwards.

Its rays also bifurcate and are distantly articulated in their distal half. The forked

caudal fin is especially powerful (PI. XXIII, figs. 5, 6), with distantly-articulated

bifurcating rays, of which the five or six shortest in the middle of the fork are spaced.

Stout sigmoidally-bent fulcral rays are seen at its base both above and below (fig. 6).

The thin cycloidal scales are often seen in the fossils, marked only by the

concentric lines of growth ; but no enlarged or thickened ridge-scales have been
observed.
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It may he added that in one of the specimens figured (PL XXIII, fig. 5, c.) the

intestine is conspicuous, filled with white faecal matter.

Immature Fishes.—The type specimen of the so-called Leptolepis unmix, which

is re-drawn enlarged in PL XXIII, fig. 2, is obviously an immature example of

Leptolepis much shortened by distortion, and there is nothing to distinguish it

from L. brodiei. Below and in front of the large orbit, which is stained black, the

characteristic dentary bone is conspicuous. The telescoped vertebras irregularly

overlap, but the crushed dorsal and pelvic fins remain almost in their natural

relative positions. The base of the caudal fin is widened by the distortion.

There can also be no doubt that the immature fishes named Oxygonitis tenuis

by Agassiz are very young individuals of Leptolepis, almost certainly of L. brodiei.

Their relatively large and delicately ossified vertebral column is a well-known mark

of immaturity. 1 The type specimen, which is re-drawn enlarged in PL XXIII,

fig. 1, is made a little slender by crushing, but not otherwise distorted. Its skull

is missing, but the orbit is marked by a black stain, and the characteristic jaws are

seen. The relative width of the opercular apparatus is also clear. The feebly

ossified vertebral centra, in close series, are much deeper than long, not constricted,

and apparently about 40 in number. Slight traces of the pectoral fins and the

small remote anal fin are preserved, while the dorsal and pelvic fins are nearly

complete, though depressed by crushing. The large forked caudal fin is also well

displayed. Among other specimens labelled by Brodie, one in a group in the

British Museum (no. P. 70o4) exhibits very clearly the ascending process of the

dentary bone, and others show that the fins must have been as in L. brodiei.

Horizon, and Locality.—Lower Purbeck Beds : Vale of AVardour, Wiltshire.

Specifically indeterminable fragments of Jjeptolepis have also been found in the

Wealden. Among them may be specially noted the dentary bone of the mandible

shown enlarged in PL XXI II, fig. 7.

Genus JETHALION, Minister.

Jtthalion, G. von Mhnster, Neues Jahrb. f. Min., etc., 1842, p. 41.

Generic Characters.—As Leptolepis, but dentary bone of mandible gradually

deepening from the symphysis backwards without any marked thickening, and

vertebral centra much strengthened by secondary ossification in fine longitudinal

ridges.

'/'///» Species.—Mthalion hnorri (Clupea hnorri, H. D. de Blainville, Nouv.

Diet. d'Hist. Nat., vol. xxvii, 1818, p. 331), from the Lower Kiinmeridgian (Litho-

graphic Stone) of Bavaria.

1 W. C. Mcintosh and A. T. Masterman, The Life-Histories of the British Marine Food-Fishes

(1897), p. 415.
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Remarks.—This geilus occurs chiefly in the Lithographic Stone of Bavaria.

France, and Northern Spain (A. vidali, II. E. Sauvage, Mem. R. Acad. Cienc.

Barcelona [3], vol. iv, no. ;>
> :>, 1903, p. 13, pi. ii, fig. 2). One species has been

identified from the Wealden of Belgium (A. robustus, R. H. Traquair, Poiss. Weald.

Bernissart, Mem. Mus. Roy. Hist. Nat. Belg., vol. v. 1911, p. •"><>, pi. xi), and the

same or ;i closely allied form is recorded from the Lower Cretaceous of Castella-

mare, Naples (F. Bassani and G. D'Erasmo, Mem. Soc. Ital. Sei. XL [3], vol. xvii,

1912, p. 234, pi. iii, fig. 3, pi. vi, figs. 1, 2, text-figs. 13—15; also (J. D'Erasmo,

Palseont. Italica, vol. xxi, 1915, p. 15, pi. i. fig-. 8, text-fig. 22). Dr. Traquair's

Fi... 38. Mthalion robustus, Traquair ; restoration of skeleton, scales omitted, reduced in size.- Wealden;
Bernissart, Belgium. After R. II. Traquair. br., branchiostegal rays; (/..clavicle: mn., mandible;
mx., maxilla ; o., orbit ; op., operculum; pop., preoperculum ; s.o., cbeek-plates ; s.op., suboperculum.

sketch of the restored skeleton of the Wealden A. robustus is reproduced in Text-

fig. 38.

1. iEthalion valdensis, A. S. Woodward. Text-figure :'»'.»

L907. Leptolepis valdensis, A. S. Woodward, Ano. Mag. Nat. Hist. [7 |, vol. xx. p. 93, pi. i.

Type.—Imperfect fish ; British Museum.
Specific Characters.—A stout spec.es attaining a length of about 40 cm.

Length of head with opercular apparatus exceeding the maximum depth of the
trunk, which equals aboul one-third the length from the pectoral arch to the base
ol the caudal fin, and would probablv equal aboul one-fifth of the total Length of
the fish. Vertebras 60. Pelvic fins arising midway between the pectoral and anal
tins, opposite the front half of the dorsal, which arises much nearer to the occiput
than to the caudal fin and comprises 18 to 20 rays; anal fin with about L4 rays,
arising slightly nearer to the caudal than to the pelvic pair. Scales rather large
and very deeply overlapping, some feebly crimped.

DescrilAion •'' Specimen:—The type specimen (Text-fig. 39) is still unique,
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but exhibits most of the characters of the species in the counterpart halves of a

slab of clay. The mandibular suspensorium is clearly inclined forwards, so that

the articulation of the lower jaw must have been directly beneath the hinder part

of the orbit. The hyomandibular bone (Inn.) bears a rather long process for the

suspension of the operculum (op.), which is too imperfect to show its shape

completely. The angle of the preoperculum (pop.) is much expanded, and its

tapering ascending limb is upright. The suboperculum (sop.) must have been

about four times as broad as deep. Fifteen branchiostegal rays (br.) can be

counted, the upper seven being expanded and in close series, the lower eight being

':--:''-.'. '

op cp. pop.

Fig. 39.

—

JEthalion vahlensis, A. S. Woodward; type specimen, nearly one-half nat. size.—Weald Clay;
Southwater, Sussex. British Museum, no. P. 10-140. In-., branchiostegal rays; cl., clavicle; hm.,

hyomandibular; op., operculum; pop., preoperculum; ptt., post-temporal; scl., snpraclavicle ; sop.,

suboperculum.

narrower bars and more widely spaced. All the opercular apparatus is smooth,

not ornamented. The total number of vertebras is about GO, half being in the

abdominal region. The centra are about as long as deep in the anterior part of

the caudal region, but are somewhat shorter than deep both in the abdominal

and in the hinder part of the caudal region. They are well ossified, and their

primitive double cone is strengthened by secondary bone arranged in fine, close,

longitudinal ridges. The ribs are stout, apparently borne on very short transverse

processes, and extending to the ventral border of the fish. The fixed neural and

hasmal arches in the caudal region are also stout and gently arched. The hinder

end of the vertebral column turns only slightly upwards, and its haemal arches are

expanded without fusion. The intermuscular bones are much obscured by the

scales in the fossil, but there are traces of them above the vertebral column

in the abdominal region, and both above and below this column in the caudal

region.

The post-temporal bone (ptt.) is a thick plate, almost triangular in shape, and

the supraclavicle (scl.) is a deep and narrow bone. The clavicle (cl.), as shown in

impression, is expanded into a large smooth plate above the pectoral fin, which
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is inserted close to the ventral border. When adpressed to the trunk this fin

extends at least half-way to the insertion of the pelvic fins. The latter are

smaller than the pectorals, and their supports are a pair of elongated thin laminae,

which meet in the middle line and are thickened along their outer borders. The

dorsal fin arises well in front of the middle point between the occiput and the

caudal fin, comprising 18 to 20 rays, of which the three foremost are short,

undivided, closely pressed together, and gradually increase in length. The length

of the fourth or longest dorsal fin-ray somewhat exceeds two-thirds of the depth

of the trunk at its insertion. The anal fin resembles the dorsal, but is much

smaller, and comprises only ^'^ or 14 rays. The remains of the caudal fin-rays

show that they are comparatively stout and closely articulated. The fulcral scales

at the base of the upper caudal lobe are especially stout, and are continued up the

foremost ray as a short fringe.

The scales are relatively large, cycloid, and smooth, occasionally with feeble

traces of a radiating pectination at the hinder border, but usually exhibiting

structural lines, including wavy concentric markings. They are scarcely displaced

in the fossil, and are seen to be deeply overlapping, with the exposed area narrow

and deep. The lateral line is scarcely traceable, but seems to produce a slight

depression along some scales in a series above the vertebral column.

Remarks.—The fossil thus described evidently belongs either to Leptolepis or

to Mthalion, but the absence of the mandible leaves its reference to one or other

of these two genera uncertain. It was originally assigned to Leptolepis, but the

extent of the intermuscular bones and the close articulation of the caudal fin-rays

are suggestive rather of Mthalion ; its general resemblance to the species of

Mthalion described by Traquair from the Wealden of Bernissart, Belgium, is

indeed noteworthy. It may, therefore, best be placed provisionally in the latter

genus. Its number of vertebrae exceeds that of all the known species of both

Leptolepis and Mthalion, except A. vidali from the Upper Jurassic of Spain.

Horizon mid Locality.—Weald Clay: Southwater, Sussex.

Genus PACHYTHRISSOPS, novum.

Parathrixxo})*, C. R. Eastman (non Sauvage, 1875), Mem. Carnegie Mus. Pittsburgh, vol. vi (1914),

p. 423.

Generic Characters.—Head as in Leptolepis, but the elevation of the dentary

relatively broad and less thickened. Vertebral centra much strengthened by

secondary ossification in fine longitudinal ridges, short and deep in the abdominal

region, sometimes longer in the tail. Pelvic fins relatively large ; dorsal and

anal fins acuminate, the dorsal about as long as deep, arising opposite or just

in advance of the origin of the anal fin, which is equally deep and usually more
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extended ; caudal fin deeply forked. Scales very delicate, often not preserved

in the fossils.

Type Species.—Pachythrissops lasvis, from the English Pnrbeck Beds.

Remarks.—The two species defined below were originally referred in error to

Oligoplenrus, and are proved by the new specimens now described to belong to

the Leptolepidse. They seem to be generically identical with a fish from the

Lithographic Stone of Bavaria named Parathrissops furcatus by Eastman (Mem.

Carnegie Mus. Pittsburgh, vol. vi, 1914, p. 423, pi. lix, fig. 2), which is distinguished

by the characters of its dorsal and anal fins. The generic name Parathrissops,

however, is preoccupied by Sauvage (Bull. Soc. Sci. Yonne, vol. xlv, pt. ii, 1891,

p. 37). The species also bear some resemblance to Eurystethus brongniarti (H. E.

Sauvage, Bull. Soc. Geol. France [3], vol. vi, 1878, p. 629, pi. xiii, fig. 2), from the

Kimmeridgian of Morestel, Ain, France, but this fish is too imperfectly known for

precise comparison.

1 . Pachythrissops lsevis, sp. nov. Plate XXIV, figs. 3—5 ; Plate XXV, figs. 1— 3.

1890. Oligopleiirus (?) vectensis, A. S. Woodward, Proc. Zool. Soc, p. 346, pi. xxviii, tigs. 2—4,

pi. xxix, figs. 1—3.

Type.—-Immature fish ; British Museum.

Specific Characters.—-The type species, probably attaining a length of 50 cm.,

but usually smaller. Length of head with opercular apparatus much exceeding

maximum depth, also much exceeding distance between paired fins, and occupying

nearly one-quarter of total length of fish. Operculum smooth, but with slime-pit

defined by two ridges on outer face at point of suspension ; preoperculum with

few radiating ridges near the angle. Vertebras 35 in abdominal, nearly 30 in

caudal region ; the centra of the latter longer than the former, and marked by a

sharp lateral ridge. Dorsal and anal fins arising directly opposite, the former

with about 18, the latter with slightly more than 20 rays.

Description of Specimens.—The type specimen (PI. XXV, fig. 1) is a small fish,

which must probably be regarded as immature. It is shown in direct side view,

apparently not distorted, but its vertebral axis is not well preserved, and the ribs

are scarcely seen. All the known larger specimens are fragmentary, and one of

these (PI. XXIV, fig. 4) was wrongly referred to Lepidotus minor by L. Agassiz,

Poiss. Foss., vol. ii, pt. i (1844), p. 269, pi. xxix c, fig. 12.

The head is much crushed and broken in the type specimen, but enough is

clear both in this and other specimens to identify with the same species the roof

of a skull shown in PI. XXIV, fig. 3. Here the specimen is somewhat flattened

by vertical crushing, but the bones are complete as far forwards as the front of

the orbit. The occiput is well ossified, and its upper portion is formed by a supra-

occipital in the middle with a pair of epiotics at the sides. The supraoccipital

17



130 WEALDEN AND PURBECK FOSSIL FISHES.

(socc.) occupies the middle third, and bears a vertical median crest on its hinder

hollowed face. The epiotic (epo.) is very prominent on each side, triangular in

shape when viewed from above, nearly as long as broad, and united in a finely-

toothed suture with the next otic element in front. Its upper face, like that of

the supraoccipital, is smooth, and must have been overlapped by the supratemporal.

Each parietal (pa.) is slightly more than twice as long as broad, meeting its fellow

in an almost straight median suture, and deeply interdigitating with the frontal

anteriorly. The middle of its hinder half is raised into a coarsely rugose boss, in

which the partly reticulating ridges tend to radiate from the transverse groove of

the slime-canal. Its anterior half is nearly smooth. Each squamosal (sq.) is about

as wide as the pair of parietals, and equally long. It unites in a slightly wavy

suture with the corresponding parietal, and in small digitations with the frontal,

while its outer border is somewhat concave. Its outer face is nearly smooth, with

some irregular pitting and longitudinal grooving. The relatively large frontals

(Jr.), which also meet in a nearly straight median suture, are much narrowed

between the relatively large orbits, and resemble the squamosals in the irregular

grooving and pitting of the nearly smooth outer face. The postfrontals or sphen-

otics (ptf.) form a conspicuous pair of smooth, truncated prominences about as long

as wide. There is a well-marked median depression in the cranial roof, beginning

behind between the parietal bosses, and widening and deepening to the greatest

extent between the hinder part of the orbits. The whole appearance of the bones

suggests a considerable development of the slime-apparatus. The otic region and

the basioccipital are well ossified, and the parasphenoid is comparatively stout,

bearing an elongated patch of minute teeth where it underlies the hinder part

of the orbit (seen in B.M. no. 21974). In some specimens there are broken

traces of very thin cheek-plates. As shown in the type specimen, the mandibular

suspensorium is arched forwards, so that the articulation for the mandible is

beneath the middle of the orbit. The hyomandibular is a deep and much expanded

thin lamina, of bone, but is known only in a crushed specimen (B.M. no. P. 4535).

It is strengthened b}r a vertical ridge, from which a short ridge proceeds at

right-angles to an elongated articular process for the operculum. The triangular

quadrate is cleft behind to accommodate a rod-shaped symplectic, and articulates

above with a large triangular metapterygoid. The ectopterygoid (best seen in

PL XXIV, fig. 4, eept.) is an arched, thin lamina of bone tapering forwards, and

the entopterygoid seems to be still thinner. It is uncertain whether these elements

bore teeth. As shown in the type specimen, the premaxilla is more extended

backwards than usual in Amioids ; and, as seen in another specimen (B.M. no.

P. 4535), it bears a single series of small but stout, hollow, conical teeth. The

maxilla, of which the middle portion is broken away in the type specimen, is

relatively large and arched, with a flattened and nearly smooth outer face, and the

convex oral border bearing minute teeth. Its posterior half is overlapped by two
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supramaxillae, of which the posterior is the larger, and excavated in front for the

anterior, which is elongate-triangular in shape. In the mandible, the dentary bone

is relatively large, and its posterior end extends along the lower border almost as

far as the position of the mandibular articulation. Though well shown in the

type specimen, its complete shape is better seen in the original of PI. XXV, fig. 2.

The bone is truncated at the symphysis, and gradually rises in its middle portion

into a high and stout coronoid process, which inclines a little backwards and ends

abruptly behind. Beyond this process the tapering posterior end of the bone is

much shorter than in the corresponding part of Leptolepis. The lower half of the

bone is bent inwards along an obtuse-angled longitudinal ridge beginning below

the middle of the symphysis, and this face is marked by large pits and a groove,

which indicate a considerable development of slime-apparatus. The outer face

is for the most part smooth, but there is a little rugosity near the oral border,

which (as shown in PI. XXIV, fig. 4 a) bears small, hollow, smooth, and bluntly-

conical teeth.

The hyoid arch, seen in PL XXIV, fig. 4, is relatively large, the ceratohyal

(c/i.) being laterally compressed, mesially constricted, and deepest behind at its

articulation with the epihyal (eph.). Its upper angles seem to be united by a rod

of bone as in Leptolepis. The basihyal (bh.) is very short.

The preoperculum (PI. XXV, fig. 1, pop.) is sharply angulated, with the lower

limb nearly as long as the upper limb, and the anterior border much thickened.

This thickening is smooth and widest at the bend, from which a few coarse ridges,

more or less fused into a reticulation, radiate backwards over the thin triangular

expansion. The traversing slime-canal is very large. The operculum {op.) seems

to have been two-thirds as wide as deep, and is also thickened along its anterior

border, from which at the point of suspension a short ridge diverges at an acute

angle downwards and backwards, as if to bound a slime-pit (PI. XXV, fig. 1 a).

The outer face is entirely smooth. The suboperculum (sop.) and interoperculum

are comparatively small, and both these and the broad upper branchiostegal rays

are smooth. The lower branchiostegal rays, of which some are seen below the

ceratohyal in PI. XXIV, fig. 4 (br.), are slender, rod-shaped, and spaced.

As shown in several specimens, but especially well in the original of PI. XXIV,

fig. 4, the gill-arches bear a close series of large bony gill-rakers (g.r.) which are

smooth, laterally-compressed elongated cones, each with a notch just above its

base of attachment. Similar gill-rakers appear to occur in Leptolepis (B.M. no.

P. 3674), MhaUon (B.M. no. 37042), and Thrissops (B.M. no. P. 917).

The vertebras in the type specimen (PI. XXV, fig. 1) are in undisturbed series,

but they are somewhat broken, and not so well seen as in some of the portions of

larger individuals. About 35 can be counted in the abdominal, 26 in the caudal

region. The centra are all well ossified, the primitive double cone being thick and

forming two wide rims, between which the secondary ossification is in fine longi-
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tudinal ridges, producing a striated appearance on superficial view. When a

centrum is isolated and exposed on the articular face (PI. XXV, fig. 3), a median

perforation is seen for a persistent strand of the notochord. All the abdominal

vertebral centra are deeper than long, with gently rounded sides, and their

appended arches are loosely articulated. The foremost centrum is not united with

the basioccipital, but (as shown in PI. XXIV, fig. 4<) it is peculiar in consisting of

two fused discs, which are limited by a sharp line, the front disc bearing a slight

prominence above for the support of the first neural arch, the second bearing a

similar pair of slight prominences below to carry the first pair of ribs. The

second centrum (sometimes also the third centrum) again exhibits prominences,

but all the other abdominal centra are pitted for the reception of both the neural

arches and ribs. The caudal vertebral centra are more elongated, about as long

as deep, and their secondary ossification is disposed so as to form a sharp median

longitudinal ridge on each side. Their appended arches are more firmly fixed in

the sockets than those in the abdominal region, even if they are not fused. The

arches are almost destroyed in the type specimen, but they are seen in others, as

in the fragment represented in PI. XXIV, fig. 5 The neural arches are compara-

tively small and delicate, and unite by large anterior zygapoph}r ses, but they are

obscured in the abdominal region by the numerous well-developed intermuscular

bones which overlie them. In the caudal region the neural and haemal arches are

nearly symmetrical, and sharply curved backwards, and a few intermuscular bones

occur both above and below the vertebral centra. The stout gently-curved ribs

extend to the ventral border of the fish, each with a slightly expanded articular

head and a wide groove along its anterior or outer face.

The stout clavicle, of which the upper half is shown in PI. XXV, fig. 1 (<*/.),

bears a large lateral expansion which is nearly smooth, only marked by a few

vertical ridges and grooves or wrinkles at the upper end. The long and narrow

supraclavicle (scl.) is similarly ridged, and traversed by a large slime-canal. The

pectoral fin must have been relatively large, its rays when adpressed to the trunk

(as in the type specimen) reaching two-thirds of the distance to the insertion of

the pelvic fins. The pelvic fin-supports (PI. XXIV, fig. 5, ph.) are long and

narrow laminas, widest at the articular end, tapering forwards, strengthened by a

rib-like thickening along the outer edge, and apparently fixed together along the

thin inner edge. The pelvic fin-rays, about 10 in number, are deeply imbricating

and closely articulated distally. The dorsal and anal fins are shown in the type

specimen to be acuminate in front and directly opposed, but their details are better

seen in other specimens. In the dorsal fin there are about 18 rays, of which the

anterior four are simple and gradually increase in length, while the fifth is the

longest, and this and the following are divided and articulated distally (B.M.

no. P. 4536). The foremost support is fan-shaped, bearing the first three rays

(PI. XXIV, fig. 5, d.), and the other supports are winged at the articular end.
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The anal fin is as deep as the dorsal and closely similar, but more extended,

probably with not less than 23 rays. The long foremost support is rod-shaped,

and the wings at the articular ends of the other supports are short. The forked

caudal fin is well shown in the type specimen, with the step-shaped articulations

of its thicker rays. All the hasmal spines within the base of the caudal fin are

stout, and two bearing the middle rays arc 1 slightly expanded. There are no

traces of fulcra on any of the fins.

Remains of rather large cycloidal scales are seen in the original of PI. XXIV,

fig. 5, but they must have been very thin, and are usually absent in the fossils.

Remarks. —When examples of Pachyihrissops Isevis were first described, they

were provisionally ascribed to the Wealden species treated below ; but the form is

readily distinguished by the characters of the opercular apparatus and the sharp-

ness of the lateral ridge on the caudal vertebras, besides by the proportions of

the head.

Horizon and Locality.—Middle i'urbeck Beds : Swanage, Dorset.

2. Pachythrissops vectensis, A. S. Woodward. Plate XXIV. figs. 6, 7; Plate

XXV, figs. 4, 5; Text-figure 40.

1890. Oligopleurus vectentix, A. S. Woodward, Proc. Zool. Soc, ]>. 34fi, pi. xxviii, fig. 1.

1911. Oligopleurus vectensis, E. H. Traquair, Poiss. Wealdiens de Bernissart, (Mem. Mus. Roy. Hist.

Nat. Belg\, vol. v), p. 47, pi. x.

1913. Oligopleurus vectensis, E. S. Goodrich, Proc. Zool. Soc, p. 84.

Type.—Head; British Museum.

Specific Characters.—Attaining a length of a little more than a metre. Length

of head with opercular apparatus about equal to the distance between the paired

fins. Operculum apparently without slime-pit, smooth, or faintly rugose, but

fimbriated at the postero-superior border; preoperculum with a few strong

radiating ridges spaced over the lower limb. Vertebras 35 in abdominal region
;

centra in caudal region not longer than those in abdominal region, without any

sharp lateral ridge, but slightly indented above and below to produce a broad

rounded lateral ridge. [Fins imperfectly known. J Scales ornamented with sparse

pustulations, and more or less fimbriated at the hinder border.

Description of Specimens.—The type specimen is an imperfectly preserved skull

and mandible shown of one-half nat. size from the right side in Text-fig. 40. The

greater part of a fish (PI. XXV, fig. 4) discovered by Mr. Reginald W. Hooley,

F.G.S., exhibits the head and most of the vertebral axis, besides some remains

of fins. Other more fragmentary specimens make known a few additional details.

The skull is always more or less crushed and broken, but many of its principal

features are shown in the fossils. As seen in the type specimen, there is a well-
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ossified supraoccipital, bearing a vertical median crest on its posterior face; and

on either side of this there are remains of an equally well-ossified epiotic. These

bones are exposed as a narrow rim at the posterior border of the cranial roof.

As in P. Isevis, each parietal bone is longer than wide, and the squamosal is

relatively wide, though not much longer than the parietal. The large frontal

bones, as shown in the type specimen and in Mr. Hooley's fish (PI. XXV, fig. 4),

are narrowed between the orbits; but, as also shown in Mr. Hooley's specimens,

they are much expanded in the postorbital region and overlap the well-ossified

postfrontals to an undetermined extent. The parietals, squamosals and frontals

are marked only by fine radiating ridges and an occasional trace of the slime-canal,

Kill

Fig. 40.

—

Pachythrissops vectensis, A. S. Woodward; type skull, right lateral view, one-half nat. size.

—

Wealden
; Isle of Wight. British Museum, no 12013. ag., articulo-angular ; </., dentary; enpt.,

entopterygoid
; </., gill-rakers; Inn., hyomandibular; mjd., metapterygoid ; pmx., premaxilla; qu.,

quadrate: so., portion of hinder cheek-plate.

but along the middle of the cranial roof there is a well-marked depression, which

is widest and deepest between the hinder part of the orbits. The type specimen

proves that the ethmoid region is comparatively small. Fragments of very thin

cheek-plates occur in the type specimen (Text-fig. 40, so.) and in the,original of

PI. XXV, fig. 4; and a single broad series is seen to cover the postorbital region

of the cheek in PI. XXIV, fig. 6, so. These plates are nearly smooth, but are

marked with slight radiating ridges or finibriations. They are also traversed by
the slime-canal near the orbital border. The mandibular suspensorium curves

forwards so that the articulation for the mandible is beneath the hinder part of the

orbit. The hyomandibular (PI. XXV, fig. 5) is much expanded at the upper end,

with an apparently double-headed articulation; and, as in other fishes in which
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the preoperculum is relatively large, the process (p.) for the suspension of the

operculum is much elongated. Just below the latter process the bone is antero-

posterior^ compressed and rises to a sharp vertical crest along its outer face.

The triangular quadrate (Text-fig. 40, (pi.) is cleft postero-superiorly for the

rod-shaped symplectic (PI. XXV, fig. 4, sy.), and articulates above with a large

triangular metapterygoid (mpt.). Its articular condyle for the mandible is

somewhat constricted from the main part of the bone, and has a robust inwardly-

directed process arising from its base. The entopterygoid (enpt.) is an elongated

thin lamina of bone, bluntly pointed in front, truncated behind, slightly convex on

the oral face, and inclined inwards towards the parasphenoid. The ectopterygoid

(PL XXV, fig. 4, ecpt.) is a narrower elongated lamina, more rapidly tapering in

front. It is toothless along the lower border, but its oral face, like that of the

other pterygoid plates, has not been seen. The premaxilla, imperfectly shown in

the type specimen (Text-fig. 40, pmx.), is comparatively small, but longer than

deep. The large maxilla (Text-fig. 40 and PI. XXV, fig. 4, mx.) is arched, and

its outer face is nearly smooth, marked only in places with a faint rugosity; its

convex oral border exhibits the points of attachment of clustered minute teeth.

Its posterior two-thirds are overlapped by two supramaxillae, of which the

posterior is the larger and excavated in front for the anterior, which is very long

and narrow and tapers forwards. The outer face of the posterior supramaxilla is

slightly rugose, and bears a ridge along the lower margin of its antero-superior

extension. The articulo-angular bone of the mandible (Text-fig. 40, ag.) is short

and deep, and its lower portion is ornamented with fine longitudinal rugae. The

very large dentary (d.), which is imperfectly known, is evidently truncated at the

symphysis, and its lower half is sharply bent inwards, separated from the upper

half by an obtuse longitudinal ridge.

The hyoid arch, partly seen in the original of PL XXV, fig. 4, is relatively

large, and the upper branchiostegal rays, attached to the epihyal, are especially

large smooth laminae of bone (br.).

The preoperculum, incomplete and abraded in the type specimen, is best seen

in PL XXIV, figs. 6 (pop.), 6 a. It is sharply angulated, with a relatively large

lower limb, and a great smooth expansion behind. The anterior border is much
thickened and smooth, and from this thickening six or seven coarse ridges radiate

over the outer face of the lower limb. The operculum (op.) is imperfect in all the

specimens, and the proportions of the suboperculum and interoperculum are

uncertain. The operculum seems to have been smooth or only faintly rugose,

except at its postero-superior border, where it is finely fimbriated.

A single vertebral centrum attached to the occipital region of the type

specimen is completely ossified, deeper than wide, and very short, marked on the

sides by fine striations which extend between a thickened rim anteriorly and

posteriorly. The neural and haemal arches are inserted in pits. As shown by the
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large fish (PI. XXV, fig. 4), all the vertebral centra are of this type, except that

they are generally longer in proportion to their depth. There seem to be 34 or

35 in the abdominal region, but the number of caudals is uncertain. The centra

in the caudal region are scarcely longer than those in the abdominal region, but

they differ in exhibiting a slight lateral indentation above and below a rounded

median lateral ridge. The neural arches in the abdominal region are long and

slender, but most of them are broken and displaced, and obscured by the

overlapping intermuscular bones. The stout, gently-arched ribs are well shown,

reaching the ventral border, each impressed by a longitudinal groove. The neural

and haemal arches in the caudal region are firmly fixed in their sockets in the

centra.

The remains of the clavicle (PL XXV, fig. 4, cl.) and supraclavicle (scl.) include

a wide, nearly smooth, exposed portion; and a large smooth plate of bone (x.)

shown behind the skull is probably the post-temporal, much expanded, as in

Thrissops. The long pectoral fin-rays (pet.) are very closely articulated distally.

The pelvic fins (plv.), with slender supports, are much smaller than the pectorals,

and are evidently inserted nearer to the anal than to the latter. Of the anal fin (a.),

only a fragment remains with at least 1 7 rays. As the anterior supports are

relatively long and stout, this fin must have been acuminate. The dorsal and

caudal fins are unknown.

Scales are seen in some of Mr. Hooley's specimens, all large, thin, and cycloidal,

and deeply overlapping. They are most conspicuously marked by the concentric

lines of growth ; but some exhibit sparse pustulations, usually in rows, on the

smooth exposed face, besides fine fimbriations at the hinder margin (PI. XXIV,
fig. 7).

_

Horizon and Localities.—Weald Clay: Atherfield, Isle of Wight; Berwick,

Sussex.

Genus THRISSOPS, Agassiz.

Thrissops, L. Agassiz, Poiss. Foss., vol. ii, pt. i, 1833, p. 12.

(-leneric Glut racier*.—Head as in Leptolepis, but smaller, and the dentary bone

with a broader, less thickened elevation. Vertebral centra much strengthened by

secondary ossification in longitudinal ridges, of which the median lateral is usually

very prominent ; no centra much deeper than long. Ribs especially stout. Pelvic

fins relatively small ; dorsal and anal fins acuminate and opposite, the former small

and short-based, the latter much extended ; caudal fin forked. Scales thin, com-

pletely covering the trunk ; no enlarged or thickened ridge-scales.

Type Species.— Thrissops formosus (L. Agassiz, Poiss. Foss., vol. ii, pt. i, 1833,



THRISSOPS. 137

p. 12; vol. ii, pt. ii, 1844, p. 124, pi. Ixva), from the Lithographic Stone (Lower

Kimmeridgian) of Bavaria.

Remarks.— Thrissops seems to range in Europe from the Middle Jurassic

(Oxfordian) to the Lower Cretaceous ; but without a knowledge of their cranial

osteology, the systematic position of the later species usually ascribed to this genus

must remain uncertain. They closely approach the Ichthyodectidae or Chirocen-

tridae.

1. Thrissops curtus, sp. nov. Plate XXVI, fig. 1.

Type.—Imperfect fish ; British Museum

Specific Character*.—At least 1G cm. in length. Length of head with opercular

apparatus nearly equalling maximum depth of trunk, and contained from four to five

times in total length of fish ; maximum depth of trunk contained about two-and-a-

half times in length from pectoral arch to base of caudal fin. Pelvic fins half as

large as pectorals, inserted nearer to the anal fin than to the latter ; dorsal fin, with

13 rays, arising behind the origin of the anal fin, which is slightly more elevated in

front and comprises 30 rays ; caudal fin very deeply forked and lobes slender.

Description of Specimen.—The type and only known specimen (PI. XXVI, fig. 1)

lacks the jaws, but is otherwise nearly complete. In the skull the ethmoidal region

is very short and small, and the parasphenoid is seen crossing the relatively large

orbit. A short ridge inclined upwards at the back of the occiput may perhaps be

the thickened upper border of a triangular supraoccipital crest such as seems to

occur in Thrissops formosus (Brit. Mus. no. P. 917). The preoperculum is vaguely

shown to be much expanded at the angle and marked with several fine radiating

ridges. The operculum, which is smooth, is widest below, and its maximum width

is at least three-quarters of its depth. It seems to show a peculiar slime-pit near

its point of suspension like that already described in Pachytlirissops Isevis (p. 131,

PI. XXV, fig. la). The suboperculum, which is also smooth, is slightly more than

one-third as deep as the operculum. The vertebral centra are evidently well

ossified, but are not clearly seen except at the end of the tail, where they bear

the usual sharp median lateral ridge. Over twenty vertebrae can be counted in the

caudal region. The neural arches in the abdominal region are separated from the

neural spines, which reach the dorsal border. Some of the anterior spines of this

series have a small laminar expansion at their lower end. The stout grooved

ribs, of which there are over twenty pairs, reach the ventral border. The neural

and haemal arches in the caudal region are fused both with their spines and with

the corresponding centra; they are slender, short, and much inclined backwards.

At least nine haemals are included in the base of the caudal fin. Intermuscular

bones occur only in the dorsal part of the abdominal region. Behind the skull,

the post-temporal is a large, smooth, rhomboid plate, nearly as wide as deep,

18



138 WEALDEN AND PITRBECK FOSSIL FISHES.

strengthened by a ridge extending diagonally from its antero-superior angle. The

supraclavicle is relatively deep and narrow, and the clavicle is much arched.

The anal fin comprises 27 rays, with three gradually lengthening fulcral rays in

front, and its anterior acumination is about three-quarters as deep as the trunk at

its insertion. The dorsal fin is slightly less elevated, with only 10 ordinary rays

preceded by three fulcrals. Traces of the usual thin scales are seen, none with

ornament.

Remarks.—Although the abdominal part of the vertebral column in the type

specimen is somewhat displaced by crushing, the •arrangement of the neural arches

and ribs suggests that it has not been much shortened. The species is therefore

peculiar in the shortness of the trunk, and it differs from the only known species

from Portland (T. portlandicvs, A. S. Woodward, Catal. Foss. Fishes, Brit. Mus.,

pt. iii, 1895, p. 525, pi. xviii, fig. 4) not only in this feature, but also in the more

remote insertion of the dorsal fin.

Horizon and Locality.—Lower Purbeck Beds: Isle of Portland. The strati-

graphical position was determined by the collector of the type specimen, Mr. .J. R.

Short. The exact horizon of 7
'. portlandicus was not recorded by the collector.

2. Thrissops molossus, sp. nov. Plate XXVI, fig. 2.

Type.—Imperfect fish ; British Museum.

Specific Characters.—At least 35 cm. in length. Head remarkably short and

deep. Length of head with opercular apparatus nearly equalling maximum depth

of trunk, and about one-fifth of total length of fish ; maximum depth of trunk

contained about three-and-a-half times in length from pectoral arch to base of

caudal fin. Caudal fin very deeply forked and lobes slender.

Description <>l' Specimen.—There is no doubt that the fragmentary fish shown

of one-half the natural size in PI. XXVI, fig. 2, represents a hitherto unrecognised

species, but it is too imperfect for precise determination. The cranium is lacking,

but the adjacent remains are sufficiently undisturbed to show that the head is

unusually short and deep. The ossified border of the sclerotic of the very large

eye is well preserved, and the mandibular suspensorium and jaws are also seen.

The stout rod-shaped symplectic occurs below the hyomandibular, evidently fitting

into a cleft of the large fan-shaped quadrate. The pterygoid bones form an

extensive laminar expansion above the maxilla, which is gently arched and bears

a regular close series of small conical teeth. Of the premaxilla only a fragment

remains. The mandible is very imperfect, but its articulation is clearly below the

hinder border of the orbit, and its oral border bears conical teeth which are larger

than those of the maxilla. The remains of the operculum are bordered behind by
part of the clavicle, and its width is thus shown to equal half the length of the
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head. The lower branchiostegal rays are very slender. The parts of the trunk

preserved seem to be almost in their natural position, but some of the abdominal

vertebra? are displaced above the fossil, while the upper lobe of the caudal fin is

torn away and displaced below. The axial skeleton is typically that of Thrissops,

and the middle haemal spine at the base of the caudal fin is much- expanded. The

stoutness and length of the anterior supports of the anal fin show that this must

have been very deep and acuminate in front.

Horizon and Locality.—Middle Purbeck Beds : Swanage, Dorsetshire.

SUPPLEMENT.

Hybodus basanus, Egerton (p. 5). Plate XXVI, fig. 3.

Mr. Reginald W. Hooley, F.G.S., has obtained from the top of the Weald Clay

in the typical locality, Atherfield, Isle of Wight, the well-preserved small head

partly shown in PI. XXVI, fig. 3. In the front part of the jaws it displays some

of the characteristic teeth ; and at the limits of the gape of the mouth there are

remains of the labial cartilages, as already described (p. 7, PI. II, figs. 1 a, 1 b).

Even allowing for some vertical crushing, however, the skull clearly differs from

the well-preserved specimen from Pevensey (PI. II, fig. 1) in being relatively

shorter and broader, with less widened postorbital processes. As seen from above

(PL XXVI, fig. 3), the supraorbital flanges are well developed, and the interorbital

width exceeds half the total length of the cranial roof. The posterior depression

(p.f.) is less elongated than in the best-preserved Pevensey specimen. The small

rostral prominence is evidently broken away by accident. The occiput (PI. XXVI,
fig. 3 ft) is especially well shown, only abraded at its median vertical crest, which

is still best seen in the skull already mentioned on p. (3. The occipital face is more

than half as deep as wide, and its most conspicuous feature is the large excavation

for the notochord (».) in the basioccipital region, resembling that in Notidanus

(Hexanchus)

.

l The foramen magnum (f.m.), seen above this excavation, is com-

paratively small. A pair of deep pits (v.) in the cartilage flanking the foramen

magnum would probably be pierced by the foramina of the vagus nerves.

Hybodus sulcatus, Agassiz.

The two fragments of a dorsal fin-spine named Hybodus sulcatus by Agassis

(Poiss. Foss., vol. iii, 1837, p. 44, pi. x b, figs. 15, 16), though originally stated by

1 C. Gegenbaur, Unteisuchungen zuv vergleichenden Anatomie der Wirbelthiere.—III. Das

Kopfskelet der Selachier (1872), p. 120, pi. iv, fig. 2, pi. xv, fig. 2.
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Mantell to have been obtained from the Chalk of Lewes, are generally regarded as

Wealden fossils (S. J. Mackie, The Geologist, vol. vi, 1863, p. 242, and A. S.

Woodward, Catal. Foss. Fishes, Brit. Mus., pt. i, 1889, p. 275). A renewed

examination of these fragments, however, suggests that they are from a ferruginous

concretion in the Chalk, and not from any Wealden deposit. As already suspected

by M. Leriche (Mem. Soc. Geol. Nord, vol. v, 1906, p. 91), they are parts of the

dorsal fin-spine of a Chimaeroid fish ; but they still remain unique. The anterior

border of the spine is less compressed to an edge than usual, and it is ornamented

with a few large and irregularly arranged tubercles (not shown in Agassiz' figures).

The longitudinal ribbing of the lateral faces is coarser and more marked than in

any other known Chimasroid spine. The specimen may perhaps belong to a

species of Ischyodus.

Hybodus subcarinatus, Agassiz (p. 10).

Lepidotus mantelli, Agassiz (p. 36).

According to Mr. J. Wilfrid Jackson, the type specimens of Hybodus sub-

carinatus and the so-called Tetragonolepis mastodonteus (= small dentary of

Lepidotus) are in the Cumberland Collection in the Manchester Museum.

Fig. 41.

—

Lepidotus minor, Agassiz ; restoration with amended dorsal and anal fins, to replace the restoration

given in Text-fig. 14, p. 28.

Lepidotus minor, Agassiz (p. 27). Plate XXVI, fig. I.

Dr. F. Du Cane Godman, F.R.S., has lately given to the British Museum the

large specimen of the stout variety of Lepidotus minor, from the Middle Purbeck

Beds of Swanage, shown of one-third the natural size in PI. XXVI, fig. 4. It is

important as displaying the complete dorsal fin, which is proved to have been

wrongly drawn in the restoration of the species in Text-fig. 14, p. 28. A new

restoration with the dorsal and anal fins amended is accordingly given in Text-

fig. 41. The specimen is much lateral]) compressed by crushing, so that the left
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half of the cranial roof is bent downwards and has slipped partly beneath the

right half. The mouth is also opened, and the ventral part of the abdominal

region is displaced downwards. The large characteristic smooth maxilla (mx.) is

well seen, with part of the supramaxilla, and the ectopterygoid (ecpt.) and

quadrate (qu.) are exposed. The small upper postorbital cheek-plate seems to.be

subdivided by a vertical suture ; the large postorbital is also divided transversely

in its lower half, but this may be merely an accidental crack. The tubercular

ornament of the opercular bones is unusually extensive and dense. Remains of

the paired fins show their relative proportions. The enamelled fulcra in the

dorsal fin are slightly curved, forming a convexly arched border ; the closely

divided and articulated fin-rays seem to be complete, and resemble those of

L. mantelli (see PI. VII, fig. 7). Some of the anterior scales of the flank are

coarsely serrated in their lower half, but further back the corresponding scales do

not exhibit more than one denticnlation above the produced postero-inferior angle,

and this soon disappears at the beginning of the tail. From the produced angle,

and sometimes from the denticulation above, a faint oblique ridge extends forwards

over the scale. The upper slime-canal, which begins as usual on the third row of

scales below the dorsal ridge, descends and becomes a little irregular near the

dorsal fin.

SUMMARY AND CONCLUSION.

Little is added to our knowledge of the Wealden and Purbeck fish-fauna by

the fossils discovered in the corresponding formations on the European continent.

Even in the great collection described by Traquair, 1 from the Wealden of Bernis-

sart, Belgium, there is only one genus, the Macrosemiid Notaijogits, additional to

those represented among the English fossils. At Bernissart no Selachian remains

are known, but in north Germany- there are teeth and spines of Hybodus much

resembling those now described. In north Germany several tine specimens of

Lepidotas have also been discovered,3 but of other ganoids there are only teeth

and fragmentary jaws, chiefly referable to Pycnodonts.

So far as known, therefore, the fishes of the Wealden and Purbeck formations

are essentially Jurassic, and not mingled with any typically Cretaceous forms.

Most of them are, indeed, the specialised and evidently final representatives of the

Jurassic families to which they belong, and very few can be regarded as possible

ancestors of fishes which followed in Cretaceous and later times.

1 E. H. Traquair, " Les Poissous Wealdiens cle Bernissart," Mem. Mus. Roy. Hist, Nat. Belgique,

vol. vi (1911), pp. 1— 65, pis. i—xii.

2 W. Dunker, Monographie der Norddeutschen Weaklenbildung. Brunswick, 1846.

8 W. Bianco, " Beitrage zur Kenntniss der Gt&ttmig Lepidotus," Abhandl. geol. Specialk. Preussen

u. Thuring. Staaten, vol. vii (1887), pt. 4, pp. 1—84, pis. i—viii.
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Among the Selachians, the well-preserved skulls of Hybodus basanus are

especially interesting, because they exhibit much more resemblance to those of

the Notidanidse than to the skull of the modern Cestracion, to which Hybodus is

commonly regarded as nearly allied. The teeth of some of the Lower Jurassic

species of Hybodus, indeed, seem to pass into those of the earliest known species

of Notidanus 1
; just as the high-cusped teeth of the Wealden H. basanus are closely

similar to some of the Middle and Upper Jurassic teeth of Orthacodus* which seem

to pass into those of the primitive though typical Lamnidse of the Cretaceous

period. Some of the more generalised Hybodonts, when better known, may

therefore prove to be ancestral to several later t}rpes of sharks.

Hybodus hasunns is also noteworthy in having only one pair of hooked cephalic

spines instead of the two pairs, of nearly equal size, which characterise the early

Liassic species. 3 In one species of the allied genus Asteracanthus, from the Oxford

Clay of Peterborough, the late Mr. Alfred N. Leeds observed that of the two pairs

of cephalic spines one was much smaller than the other. There was thus probably

a similar reduction of one pair in some species of Hybodus, which eventually

resulted in its complete loss.

The occurrence of a dwarf species of Acrodus in the Wealden is paralleled by

that of a similar dwarf species in an estuarine deposit of nearly the same age in

Bahia, Brazil. ' This is almost the last appearance of the genus, the latest known

species being Acrodus levis from the Gault.

No remains of Crossopterygians have hitherto been found in the Wealden, and

the only specimen from the Purbeck Beds is that of the typically Jurassic I'ml inn

now described. The ornament of the scales clearly distinguishes it from the

Cretaceous Macropoma.

Among Chondrosteans the Palgeoniscidas are represented for the last time by

the genus Goccolepis, which is too specialised to be ancestral to the later sturgeons.

The representatives of Lepidotus are interesting as including a comparatively

generalised species, L. minor, which might even be Lower Jurassic, besides a large

.and highly specialised species, L. mantelli, which could not be earlier than Upper

Jurassic, and might be Lower Cretaceous. The vertebral ossifications in the latter

species are particularly remarkable.

The Pycnodonts also comprise both generalised and moderately specialised

1 Compare Hybodus polyprion, Ag., with Notidanus muensteri, Ag. (A. S. Woodward, Geol.

Mag., [3] vol. iii (1886), p. 257, pi. vi, figs. 1—5).
2 O. Jaekel, Sitzuugsb. Gesell. naturf. Freuude, Berlin, 1898, p. 139, text-fig. 2; F. Priem,

Bull. Soc. Geol. France, [4] vol. xii (1912), p. 254, with figs. A large tooth apparently of

Orthacodus, from the Danian of Scandinavia, has been described as Ozyrhina lundgreni, J. W. Davis,

Trans. Eoy. Dublin Soc, [2] vol. iv (1890), p. 393, pi. xxxix, figs. 8—13.
3 See Hybodus delabechei (Charlesworth), A. S. Woodward, Catal. Foss. Fishes, Brit. Mus.,

pt. i (1889), P . 259, pi. viii, fig. 1.

* Acrodus nitidus, A. S. Woodward, up. at. (1889), p. 297, pi. xiv, fig. 8.
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forms, but no exclusively Cretaceous genera. The specimens of Microdon ratlin tux

and Mesodon parvus from the Purbeck Beds are especially well preserved to show

the osteology, and a study of them has led to several new observations. 1 There

can no longer be any doubt as to the close relationship of these fishes to the

Lepidotus-\ike ganoids.

The Purbeckian specimens of Ophiopsis and Histionotys make some additions to

our knowledge of the osteology of the more generalised Macrosemiidse, which

emphasise their affinity to the Eugnathidse. The curious development of large

slime-pits in the preoperculum and supratemporal bones of ffistionotus still awaits

explanation. If the new genus Enchelyolepis be rightly placed in the same family,

its very thin cycloidal scales are particularly interesting and novel.

Besides the remains of typical Eugnathidae of Jurassic facies, one example of

the later Cretaceous genus Neorhombolepis is described from the Wealden.

Either this, however, or a nearly similar genus also occurs in the apparently

Lower Cretaceous estuarine deposit in Bahia, Brazil, 2 already mentioned, while

the closely-related Otomifla is found in the Neocomian of Mexico.*

Amiopsis, though so closely similar to Amia, still retains the short dorsal fin

which distinguishes the Jurassic members of the family. It is a Cretaceous

genus.

The Purbeckian Aspidorliynchvs fisheri seems to be the latest species of the

genus hitherto discovered. The specimens now described show much of the

osteology, and suggest that the supposed close relationships of the Aspidorhyn-

chidse to the Lepidosteidas need further examination. The Wealden remains of

Bt'lonostomus are unfortunately too fragmentary for discussion.

The Pholidophoridre occur for the last time, and the Purbeckian species of

Pholidophorus are interesting for the strength of their fins. P. ornatus and P.

granulatus are especially similar to species from the Upper Jurassic Lithographic

Stone of Germany and France. The almost scaleless Ceramunis may be regarded

as a highly specialised member of the family. Some of the Purbeckian specimens

of Pleuropliolis are in an unusually good state of preservation, and add to our

knowledge of the osteology of the genus.

Among the Leptolepidae, which are also essentially Jurassic fishes, may perhaps

be recognised some of the ancestors of the typical physostomous teleosteans of the

later Cretaceous seas. They evidently connect the more typical " ganoids " with

the primitive Elopidas which are so abundant in marine Cretaceous formations.

By a relative enlargement of the supraoccipital and otic bones in the skull, a

1 A. S. Woodward, " Notes on the Pycnodont Fishes," Geol. Mag., [6] vol. iv (1917), pp. 385

—

389, pi. xxiv.

2 A. S. Woodward, " The Fossil Fishes of the English Chalk " (Palaeont. Soc, 1911), p. 256.

3 Otomitla speciosa, J. Felix, Palaeontographiea, vol. xxxvii (1891), p. 189, pi. xxix, fig. 3, pi. xxx,

figs. 3—5.
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partial fusion of the haemal spines at the base of the caudal fin, and an increased

development of the intermuscular bones, some of them may have become Clupeidae.

By nearly the same changes, such genera as Pachythrissops and Thrissops may

also have passed into the Ghirocentrus-hke fishes, which were as numerous in the

Cretaceous fauna as the Elopines and Olupeoids, and are represented at the present

day by a genus (Chirocentrus) which retains a remnant of the primitive spiral

valve in the intestine.
1

It is therefore interesting to compare the fishes of the Wealden and Purbeck

estuary with those of the contemporaneous seas in the European area. It is only

unfortunate that the latter are thus far very imperfectly known. Fish-remains are

not uncommon in some of the marine Neocomian formations of France which seem

to be contemporary with at least the later Wealden deposits, but they are all very

fragmentary. 2 So far as determinable, nearly all of them are typically Jurassic ;

though it should be remembered that these are durable fossils such as the teeth

and fin-spines of sharks, and the teeth and jaws of Pycnodonts and Lepidotus.

More delicate skeletons may have been destroyed beyond recognition, as suggested

by the discovery of an otolith which may be Clupeoid. 3 Among these fossils,

however, both in France and in Switzerland there are a few Selachian teeth 4 so

closeby similar to those of the Lamnidge that they evidently indicate the appearance

of the modern type of shark which became so abundant and widely spread in the

later Cretaceous seas. Well-preserved fishes in another Neocomian formation in

the Voirons, Switzerland, 5 include recognisable forerunners of the Chirocentrids

(Spathodactylus neocomiensis) and Clupeoids (Crossognathus sabaudianus, Glupea

<titfni tin, and Glupea voironensis) , those referred to Glupea itself showing distinctly

the characteristic ventral ridge-scutes. The Clupeoid Grossognathus also occurs in

the Hilsthon of Hanover, which seems to correspond with the uppermost part of

the Weald Clay. The marine fish-fauna of Europe before the end of Wealden

times was thus distinctly in advance of the estuarine fauna so far as known, and

approached the later Cretaceous fauna in its Lamnid sharks, Chirocentrids, and

Clupeoids.

The nearly contemporaneous estuarine deposit on the coast of Bahia, Brazil, to

which reference has already been made, shows that the Lower Cretaceous fish-

1 Cuvier and Valenciennes, Histoire Naturelle ties Poissons, vol. xix (1846), p. 100, pi. 565.
2 M. Leriche, " Sur quelques Poissons du Cretace du Bassin de Paris," Bull. Soc. Geol. France,

[4] vol. x (1910), pp. 455—469, pi. vi.

* Otolithus (Clupeidarum ?) neocomiensis, F. Priem, "Poissons Fossiles du Bassin Parisien"

(Publ. Ann. Paleont,, 1908), p. 37, text-figs. 11—14.
4 Lamna (Odontaspis) gracilis, L. Agassiz, Poiss. Foss., vol. iii (1843), p. 295, pi. xxxviin,

figs. 2—4. Odontaspis macrorhiza mut. infracretacea, M. Leriche, Bull. Soc. Gcol. France, [4] vol. x

(1910), p. 459.

F. J. Pictet, " Description des Fossiles du Terrain Ne'ocomien des Voirons" (Mater. Paleont.

Suisse, ser. 2, 1858), pp. 1—54, pis. i— vii.
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fauna of that region was essentially the same as in Europe. According to the

discoveries of Mr. Joseph Mawson, 1
it includes such typical survivors of the

Jurassic fauna as Acrodus, Lepidotus, Megalurus, and probably Belonostomus,

besides a few more advanced forms, among Avhich a Chirocentrid (Ohiromystus

mawsoni) and a Clupeoid (Diplomysius longicostatns) are clearly recognisable.

The only unique fish found here is a gigantic Coelacanth, Mawsonla, as highly

specialised as the Upper Cretaceous Macropoma. The fish-remains hitherto

recorded from the supposed Neocomian of Mexico, 2 the United States,
3 and East

Africa4 are also of an essentially Jurassic facies. It is therefore evident thai a

specially rapid evolution of sharks, skates, and teleosteans occurred in Middle
( 'retareous times.

In conclusion, the author desires to express his thanks to the many friends who

have facilitated this work. He is especially indebted to the Director of the

Geological Survey, Dr. F. L. Kitchin, and Mr. H. A. Allen ; to the President and

Committee of the Dorset Field Club, and Captain John E. Acland of the Dorset

County Museum; to the late and present Woodwardian Professors at Cambridge,

and Mr. Henry Woods of the Sedgwick Museum; to the Curators of the Museums

of Devizes, Hastings, Manchester, Sherborne School, Warwick, and York ; to the

late Mr. Charles Dawson ; and to Mr. Reginald W. Hooley. He also owes both

the drawings on the plates and the new text-figures to Miss Gertrude M.

Woodward.

1 J. Mawson and A. S. Woodward, " On the Cretaceous Formation of Bahia (Brazil) and on

Vertebrate Fossils collected therein," Quart. Journ. Geol. Soc, vol. lxiii (1907), pp. 128—139, pis. vi—

viii. See also A. S. Woodward, Quart. Journ. Geol. Soc, vol. lxiv (1908), pp. 358—362, pis. xlii,

xliii ; and D. S. Jordan, Ann. Carnegie Mus. Pittsburgh, vol. vii (1910), pp. 23—34, pis. v—xiii.

2 J. Felix, Palaeontograpkica, vol. xxxvii (1891), pp. 189—194, pis. xxviii—xxx.

3 E. D. Cope, Journ. Acad. Nat. Sci. Philad., [2] vol. ix (1894), pp. 411—447, pis. xix. xx ; J. W.

Gidley, Proc. U.S. Nat. Mus., vol. xlvi (1913), pp. 445—448, text-figs. 1—4.

1 E. Hennig, Sitzungsb. Gesell. naturf. Freunde, Berlin, 1913, pp. 309, 315.
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PLATE XXI.

Fio. Pagk

1. Belonosfomus hooleyi, sp. now ; left flank-scale, outer view, lacking lower

end and part of outer face, one-and-a-half times nat. size.—Wealden
;

Atherfield, Isle of Wight. The type specimen. Collection of Reginald

W. Hooley, Esq., F.G.S. 100.

2. Ditto ; dorsal scale, outer view, three times nat. size.—Wealden ; Isle of

Wight, Mantell Collection (B. M. no. 2841 9). 100.

3. Ditto (?) ; right flank-scale, outer view, one-and-a-half times nat. size.

—

Wealden; Sevenoaks, Kent. Sedgwick Museum, Cambridge. 101.

4. Pholidophorus omatus, Agassiz; imperfect bead and abdominal region,

right lateral and ventral view, one-and-a-half times nat. size.

—

Middle Purbeck Beds ; Swanage, Dorset. Museum of Practical

Geology, London, no. 284:39. ag., angular; l>r., branchiostegal

rays; <!., clavicle; d., dentary ; top., interoperculum ; mx., maxilla;

op., operculum; orb., orbit; pet., pectoral fin; pic, pelvic fin;

pop., preoperculum ; scl., supraclavicle ; S9., postorbitals ; sop., sub-

operculum. 103.

5. Pholidophorus granulatus, Egerton
;
greater part of fish, right lateral and

ventral view, two-thirds nat. size, with some anterior flank-scales

(5 a) and some caudal flank-scales (5 b), outer view, enlarged one-

and-a-half times.—Ibid. Beckles Collection (B. M. no. P. 6379).

op., left operculum, inner view ; sop., left suboperculum, inner view. 106.

(). Ditto; portion of roof of skull, upper view, showing frontals (/<'.), left

parietal (pa.), and right squamosal (*'/.), nat. size, with some anterior

flank-scales (6 a) and caudal scales (<)/>), inner view, enlarged one-

and-a-half times.— Ibid. Enniskillen Collection (B. M. no. P. 3605). l<»'i.
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PLATE XXIT.

Fig. Pagk.

1. PJiolidophorus purbeclcensis, Davies; imperfect fish, right lateral view,

one-and-a-half times nat. size, with some anterior flank-scales I 1 a)

and caudal scales (W>), outer view, enlarged three times.—Lower

Purbeck Beds; Isle of Portland. The type specimen. Damon

Collection (B. M. no. P. 6171). pop., preoperculum ; scl., supra-

clavicle. 108.

2. Ditto; nearly complete fish, right lateral view, one-and-a-half times nat.

size, with foremost anal fin-ray and fulcra (2 a) enlarged four times.

-Ibid. British Museum, no. P. 8378. 108.

3. Ditto; small fish, right lateral view, twice nat. size.—Lower Purbeck

Beds; Teffont, Vale of Wardour, Wiltshire, iop., interoperculum

;

op., upper part of operculum ; sop., suboperculum. P. 13. Brodie

Collection (B. M, no. P. 7640). 108.

L Pholidophonis brevis, Davies ; imperfect fish, left lateral view, one-and-a-

half times nat. size.—Upper Purbeck Beds ; Lpway, near Weymouth.

The type specimen. Egerton Collection (B. M. no. 1'. 107*1). 1 1".

•"). Ditto; head and anterior abdominal rearion, much broken by crushing,

one-and-a-half times nat. size, with some tiank-scales (~><C, inner

view, enlarged twice.— Ibid. Enniskillen Collection (B. M. no.

P. 3607). HO.
6. Pholidojpliorus limbatus, Agassi/,; front of anal fin with fulcra, four times

nat. size, for comparison with fig. 2 ft.— Lower Lias; Lyme Regis,

Dorset. Egerton Collection (B. M. no. P. 1047 A).

7. Geramxirus macrocephalus, Egerton; distorted fish, loft lateral view, wirh

counterpart of head (7ft), two-and-a-half times nat. size, and three

caudal ridge-scales (7 b), enlarged ten times.—.Middle Purbeck Beds;

Dinton, Vale of Wardour, Wiltshire. The type specimen. Brodie

Collection. (B. M. no. P. 7639). </., clavicle; Jr., frontal; pa.,

parietal; qu., quadrate ; scl., supraclavicle. 111.

8. Pleuropholis, sp. ; immature 6sh, fight lateral view, three times nar. size,

with dorsal fin (8ft) enlarged five times.— Lower Purbeck Beds;

Teffont, Vale of Wardour, Wiltshire. Rev. W. R. Andrews" Collec-

tion (B. M. no. P. 9846). 117.
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PLATE XXIII.

Fia. PAGE.

1. Leptolepis brodiei, Agassiz ; very small immature fish, right lateral view,

four times nat. size.—Lower Purbeck Beds ; Vale of Wardour,

Wiltshire. The type specimen of Oxygonius tenuis, Agassiz. P. B.

Brodie Collection (B. M. no. P. 473"). 1 25.

2. Ditto; immature fish shortened by distortion, right lateral view, five

times nat. size.—Ibid. The type specimen of Leptolepis nanus,

Egerton. P. B. Brodie Collection (B. M. no. P. 7637). 125.

3. Ditto; fish lacking most of caudal fin, left lateral view, twice nat. size.

—

Ibid. The type specimen. P. B. Brodie Collection (B. M. no.

P. 7635). 123.

4. Ditto; distorted fish, three times nat size.-— Ibid. P. B. Brodie Collection

(B. M. no. P. 7635 a). 123.

•">, 6. Ditto; two well-preserved specimens of trunk, left lateral view, twice

nat. size.—Lower Purbeck Beds; Lime Kiln Quarry, Teffont, Vale

of Wardour, Wiltshire. Rev. W. R. Andrews' Collection (B. M.

nos. P. 9847, 48). c, coprolitic matter in intestine. L23.

7. Leptolepis, sp. ; right dentary bone, inner view, twice nat. size.—Wealden

(Wadhurst Clay); Broad Oaks, Brede, near Hastings. Teilhard and

Pelletier Collection (B. M. no. P. 11904). L25.

8. PleuropJiolis formosa, sp. nov. ; nearly complete fish, left lateral view,

twice nat. size.—Lower Purbeck Beds; Teffont, Wiltshire. The

type specimen. British Museum, no. P. 10986. 115.

9. Ditto; head, left lateral view, three times nat. size.— Ibid. British

Museum, no. P. 10955. ecpt., ectopterygoid ; enpt., entopterygoid
;

mil., inaudible; <>ji., operculum; pas., parasphenoid
; /"»/'., pre-

operculum. 1 1 f>.

1". Ditto; foremost pectoral fin-ray bearing expanded fulcra, enlarged ten

times.—Ibid. British Museum, no. P. 9851. 116.

11. Ditto; part of anal fin, showing supports, five times nat. size.— Ibid.

British Museum, no. P. 10986. 1 hi.

12. PleuropJiolis crassicauda, Egerton; imperfect fish, right lateral view,

twice nat. size.—Middle Purbeck Beds; Durdlestone Bay, Swanage,

Dorset. The type specimen. P. B. Brodie Collection (B. M. no.

P. 7647). lis.

13. Ditto; fish with incomplete fins, left lateral view, twice nat. size.—Ibid.

British Museum, no. 43615. 118.
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PLATE XXIV.

Fig. Page.

1. Pleuropholis longicauda, Egerton ; head and abdominal region, left lateral

view, nat. size, with some dorsal scales (1 a) and some ventral scales

(1 h) enlarged four times.—Middle Purbeck Beds; Swanage, Dorset.

British Museum, no. 40724. 12<).

2. Ditto; imperfect fish, left lateral view. nat. size, with some scales (2a)

enlarged twice.—Ibid. British Museum, no. P. 7664. 120.

3. Pachj/thrissops Idsvis, sp. nov. ; roof of skull, lacking end of snout, nat.

size.—Ibid. British Museum, no. P. 12212. epo., epiotic ; Jr.,

frontal; pa., parietal; ptf., postfrontal (sphenotic) ; .sore, supra-

occipital; sq., squamosal. 129.

4. Ditto ; remains of head and three anterior vertebrae, right lateral view,

two-thirds nat. size, with some lower teeth (4 a) enlarged twice.

—Ibid. Portion of specimen figured as Lepidotus minorbj L. Agassi/.,

Poiss. Foss., vol. ii, pt. i (1844), pi. xxixc, fig. 12. Enniskillen

Collection (B. M. no. P. 4219). bh., basihyal; br., branchiostegal

rays: ch., ceratohyal; d., dentary; ecpt., ectopterygoid ; eph., front

of epihyal ; g.r., gill-rakers on gill-arch. 129.

•
r
). Ditto; middle portion of trunk, right lateral view, nat. size.— Ibid.

British Museum, no. 44845. d., dorsal fin-supports and fin; pic,

pelvic fin-supports with fins. 132.

6. Pachythrissops vectensis, A. S. Woodward; portion of head, left lateral

view, with lower expansion of right preoperculum (6a), one-quarter

nat. size.—Weald Clay; Atherfield, Isle of Wight. Collection of

Reginald W. Hooley, Esq., F.G.S. op., operculum ; pop., pre-

operculum; so., postorbital cheek-plates. 134.

7. Ditto ; scale, nat, size.—Ibid. Collection of Reginald W. Hooley, Esq.,

F.G.S. 136.
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PLATE XXV.

Fig. Fag's.

1. Pachythrissops Jsevis, sp. nov. ; nearly complete fish, left lateral" view,

nat. size, with part of operculum (1 a) enlarged six times to show

slime-pit.—Middle Purbeck Beds; Swanage, Dorset. The type

specimen. British Museum, no. 40433. br., branchiostegal rays

;

cl., clavicle; op., operculum; pop., preoperculum ; scl., supraclavicle

;

sop., suboperculum. 129.

2. Ditto; left dentary, outer view, one-third nat. size.—Ibid. British

Museum, no. 36083. 131.

3. Ditto; vertebral centrum, end view to show perforation by notochord,

nat. size.—Ibid. British Museum, no. 21974. 132.

4. Pachythrissops vectensis, A. S. Woodward; imperfect fish, right lateral

view, one-quarter nat. size.—Weald Clay ; Atherfield, Isle of Wight.

Collection of Reginald W. Hooley, Esq., F.G.S. a., portion of anal

fin; ag., angular; br., branchiostegal rays; cl., clavicle ; 'ry>/.,ecto-

pterygoid ; m/x., maxilla; pet., pectoral fins; plv., pelvic fins; qu.,

quadrate; scl., supraclavicle; sy., symplectic; ,>•., probably post-

temporal. 133.

5. Ditto; upper part of left hyomandibular, outer view, one-half nat. size.

—

Wealden ; Isle of Wight. British Museum, no. 42013. p., process

for support of operculum. 134.
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PLATE XXVI.

Fig. Page.

1. ThHssops curtus, sp. nov. ; right lateral view of fish, nat. size.—Lower

Purbeck Beds; Isle of Portland. The type specimen. British

Museum, no. P. 10612. 137.

2. ThHssops molossus, sp. nov. ; left lateral view of fish, two-fifths nat. size.

—Middle Purbeck Beds; Swanage. British Museum, no. P. 417". 138.

3. Hybodus basanus, Egerton ; cranium, upper and (3 a) posterior views.

one-half nat. size.—Weald Clay; Atherfield, Isle of Wight. Col-

lection of Reginald W. Hooley, Esq., F.G.S. f.m., foramen magnum
;

//., pit for notochord; p. f., posterior fossa or fontanelle ; r., pair of pits

into which the vagus nerves probably opened. 139.

I. Lepidotus minor, Agassi z ; imperfect fish, left lateral view, showing

dorsal fin, one-third nat. size.—Middle Purbeck Beds; Swanage.

British Museum, no. P. 12211. 140.
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(?) Sipho hirsutus ... .. 201

Family Pleurotomidse .. 202

Pleurotoma ... .. 203

— turricula . .
2i '3

— — var. antwerpiensis ... .. 205

— Selysii .. 206

— inermis ... .. 207

Sub-genus Hemipleurotoma ... .. 208

— — denticulata ... .. 208

— — plebeia .. 209

— — Gastahlii 209

Clavatula .. 210

— interrupta .. 210

Geuotia (Genota) .. 211

— ramosa ... .. 211

Pseudotoma ... .. 212

— intorta ... . 212

— — var. Morreni 213

Borsonia .. 214

— suffolciensis .. 214

Oligotoma .. 215

— pannus ... .. 215

— ornata . 216

— festiva . 216

— deeorata ... .. 217

— bipuuctula 218

— — var. proxima .. 219

Drillia .. 219

— Brocchii ... .. 219

— icenorum .. 220

— — var. elongata .. 221

— — var. speciosa 222

— iucrassata . . 222

— — var. dertomagua . 223

var. miominor (?) ... .. 223

— — var. crassa ... .. 224

— — var. Nysti . . 224

- sigmoidea .. 225

— — var. pliomagna .. 226

— crispata ... .. 226

— emendata 227

— galerita ... .. 22S

— terebra ... 229

— Kendalli ... .. 229

Spirotropis .. 230

— modiola ... .. 230
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Clathurella ... 231 Rapbitoma nana .. 268

— purpurea... . 231 — mitrula ... .. 269

— — var. minor ... .. 234 — striatula ... .. 270

— Philberti .. 234 — curtistoma .. 271

— Leufroyi ... .. 235 — nebula .. 272

— couciuna ... .. 236 var. elongata .. 273

— linearis ... .. 237 — — var. Grinnaniana .. 273

— — var. sequalis . .

.

.. 238 var. delicatula .. 274

— Cordieri ... 239 — laevigata .. 274

— hystrix ... .. 240 Bela .. 276

Bellardiella ... .. 241 — turricula .. .. 276

— gracilis ... .. 241 — scalaris ... .. 278

— volutella ... 242 - var. ecarinata .. 280

— stria .. 243 — — var. abyssicola .. 280

Mangilia .. 244 — nobilis .. 281

— costata .. 244 — rugulata ... .. 282

— — var. coarctata .. 245 — — var. scalaroides .. 283

— coerulans... .. 246 — — var. Schneideri .. 284

— dubia .. 246 — — var. bergensis .. 284

— albida . . 247 — exarata ... .. 285

— Smithii ... .. 248 — mitrula ... .. 286

— iudistincta .. 250 — harpularia 287

— ambigua ... .. 250 — — var. rosea .
. 288

Haedropleura... .. 251 — multistriata .. 288

— septangularis .. 251 — decussata .. 289

var. secalina... .. 253 — — var. inflata ... .. 289

— rufa .. 253 — — var. conoidea 290

var. Ulideana .. 254 — Dowsoni ... .. 291

Raphitoma .. 255 — gigantea ... .. 291

— harpula ... .. 255 — violacea ... .. 292
-- atteuuata .. 256 — Odhneri ... .. 293

— — var. tenuicosta .. 257 — Trevelyana .. 294
— — var. gracilior .. 257 — pyramidalis .. 29'5

— — var. notata ... .. 258 — — var. semiplicata .. 296
— plicatella .. 258 — — var. lseviuscula .. 297
— similis .. 259 — borealis ... .. 298
— hispidula... .. 260 — Nordgaardi ... 299
— brachystoma .. 261 - — var. ventricosa .. 299
— Payraudeaui .. 262 — bicarinata 300
— tenuistriata .. 263 — plicilera ... .. 300
— — var. carinata . .. 264 Taranis .. 301
— senilis 264 — Morchii .. 301
— Grarlandi .. .. 264 SUPPLEMENT .. 303
— valida

.. 265 Helix .. 303
— Woodii ... .. 265 Sub-genus Macularia ... .. 303
— Smith-Woodwardi

. . 266 — — Ogdeni .. 303
— megastoina .. 267 Cypraea .. 304
— turgida ... .. 267 Sub-genus Erosaria .. 304
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Cvpraea (Erosaria) spurca

Columbella ...

Sub-genus Mitrella

ervtbrostoma

seinieaudata

— — sulcata

— — sulculata

Sub-trenus Coluinbellopsis

- Bors>ni

Mitra ...

— ebenus

— cornictila. .

.

Yolutoniitra ...

— _rr>>en]andiea

Nassa ...

— solida

— mutaliilis

— — var. ertbeusis

— Kenuardi

Sub-geuus Xiotha

— — clathrata

— — eniiliana

Sub-genus Hiuia

leticulata

— — — var. nit da

recticostata

— — trivittata

propinqua

Sub-tjenus Telasco

cost ti lata

var. tenuicosta ...

Sub-genus Hinia

— — incrassata

— — — var. fi

— — pjgmsea

turonica

-genuB Anivcla

— — semistriata ...

labioe

— — gigantola

— — Edwardsi

Desnioulea

— conglobata

Buccinum

— undatum, var. pulehra ...

— — var. minima...

— finmarcbianuni ...

Purpura

304 Purpura lapillus

306 — — var. nienapiae

— — var. minor ...

306 — — var. ventricosa

307 — — var. incrassata

3" 7 — tetragona

308 — — var. intermedia

Pisania

309 — exigua

310 Eupleura

310 — caudata ...

311 — — var. Crowfootii

312 Murex

312 — rectieanalis

313 Sub-genus Pteropurpura

313 — — boytonensis ...

314 Sub-irenus Alipurpura ...

316 elegautula ...

316 Ocinebra

317 — erinacea

317 — tortnosa ...

317 — — var. minor

318 — paeudo-Nystii

318 — — var. simili^

— Eeedii

320 — Canhami

321 — craticulata

22 — — var. reticulata

323 Sub-genus Ocinebrina ...

323 — — aciculata

323 — — funicrulosa

324 Trophon

324 Sub-genus B'>re.>trophon

326 truncatus

_ — — — var. major

328 — — — var. intermedia ...

_- — — elathratus

328 — — — var. attenuata ...

— — — var. exilis

331 — — G-unneri

. — — — var. Coddii

333 — — mediglaciali8

Sub-genus Tropbonopsis
n .-»

n

OOO — — muricatus

333 — — — var. Bellii

334 — — — var. similis

334 — — — var. cancellata

334 Bailvi

334

334

335

335

336

336

336

33.;

337

-

33?

339

33?

340

:;4'
I

341

341

342

343

34::

344

344

345

346

347

347

-

349

349

351

.

35]

-

_

353

354

354

355

355
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Trophon (Tropbonopsis) Harmeri ...

— — barvicensis ...

— — Kitcbini

Metzgeria

— alba

Searlesia

— Rami
Fusus ...

— Rigaccii ...

— imperspicuus

Euthria

— cornea

— gracilis ...

Troschelia

— beruiciensis

Atractodon

— elegans ...

— — var. iuflata ...

Neptmiea

— contraria

— — var. infcruris

— antiqua ...

— despecta, var. tornata ...

— tenuistriata

Sipbo ...

— torrus

— gracilis ...

var. convoluta

— Jeffreysianus

— menapiae, var. hibernica

— islandicus

— latericeus

— pyginaeus

— propinquus

Pleurotomidae

Pleurotoma ...

— eontigua ...

Drillia

— Jeffrey sii

— galerita ...

Clatburella

— linearis ...

— niinuta ...

Mangilia

— Bertrandi

— assimilis ...

— costato-striata ...

— Gwvnii

PAGE

356 Rapbitoma

357 — concinnata

358 — nevropleura

358 — tenuistriata

- — mitrula ...

359 — conipacta

359 — substnolata

360 — nuperrima

360 — Hiirnesii

360 — consunilis

361 — Keepingi..

361 Haedropleura ...

362 — Cornishi ...

363 Donovania

363 — candidissima

364 — multilineata

364 — lineolata

365 Bela

366 — Sarsii

366 — angulosa

3b7 — borealis ...

368 — bicarinata

369 — elegans ...

369 — xnultistriata

370 — Trevelyana

371 Merica

372 — contorts ...

372 Broccbinia

373 — mitrseformis

373 — — var. costata ...

373 Sveltia

374 — Lajonkairei

374 — varicosa ...

"

Trigonostonia...

376 — auipullaceum

:!77 — umbilicare

377 Sub-genus Ventrilia

377 — — acutangulum

377 Bonellitia

378 — evulsa

379 — serrata ...

379 — granulata

379 — incerta

- Admete

380 — viridula ..

381 var. Couthouyi

381 Sub-genus Babylonella

382 — — subanyulosa
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Admete (Babylonella) Reedi 409 Aporrhais Serresianus ... 436

— — gracilenta ... 410 — — var. Macandreae ... 437

— — Wouweri ... 410 Turritella ... 438

Potamides ... 411 — tricarinata ... 438

Sub-genus Ptychopotamides .. ... 411 — — var. bicincta... ... 439

tricinctus ... 411 — communis ... 440
— var. inornata ... 412 — erosa ... 442

— - • — var. iceuica 412 — turris ... 443

Bittium ... 414 Sub-genus Zaria ... 443

— reticulatum ... 414 — — subangulata ... 443

— var. trinodosa .. 416 — — — var. mediocarinata ... 444

— lacteurn ... ... 416 — — decipiens ... 445

— robustum ... 417 Sub-genus Haustator ... . 446

- puuetulum ... 418 — — incrassata ... 446

Cerithiopsis ... ... 419 — — — var. minor ... 448

— Barleei ... ... 419 — — triplicata ... 448

— tubereularis ... 420 — — vermicularis ... 44H

— Metaxse ... ... 422 — — — var. lineolato-cincta ... 450
—

• minima ... ... 42:', — — ertbeusis 451

Newtoniella ... ... 424 — — crenulata ... 452

Sub-genus Sella ... ... 424 — — marginalis ... ... 452

— — trilineata ... 424 — — planispira ... ... 453

Triforis ... 425 — — imbricataria ... 454

— perversa, var. adversa ... ... 425 — — tornata ... 455

Lseocochhs ... 427 — — biplicata ... 455

— granosa ... ... 427 Sub-genus Archimediella ... 456

Trichotropis ... 428 — — bicarinata ... 456

— borealis .... ... 428 Vermetus ... 457
— Kroyeri ... ... 429 Sub-genus Petaloconcha ... 457

— insignis ... ... 430 — — intortus ... 457

Torellia ... 431 — —- glomeratus ... ... 459

— vestita ... 431 Sub-genus Bivonia ... 460

Aporrhais ... 432 — — triqueter 460
— pes-pelicani ... 432 Sub-genus Burtinella ... ... 461

— — var. minor ... ... 434 — — bognoriensis ... 461
— Uttiiigerianus ... 435
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Acavus hortensis ... 16

Acroloxus lacustris (I, 18) 27,48

Admete Couthouyi ... 408

— evalsa ... 403

— gracilenta (XXXIX, 51, 52) ... 410

— inflata ... 411

— Reedii ... 409

— serrata ... 404

— subangulosa ... 409

— undato-costata ... 408

— viridula (XXXIX, 42-47) ... 406

— var. abnormis ... 408

— var. Couthouyi (XXXIX,

48,49) ... 407

— var. producta ... 407

var. undato-costata ... 408

Wouweri (XXXIX, 50) ... ... 410

Alectrion trivittata ... ... 322

Alipurpura (s.-g.) elegantula ... 340

Amblyacrum (s.-g.) harpula ... 255

Amycla (s.-g.), see Nassa ... ... 328

— rosacea ... 57

Anachis (s.-g.) sulcata ... 307

(s.-g.) sulculata ... 308

Ancilla Nysti (XII, 32, 33) ... 52

Ancillaria obsoleta ... ... 52

Ancylus lacustris ... 27

Anomalosipho Actoni (XV, 12) ... 152

altus (XV, 6) 150, 152

Anomalosipho Bellii (XV, 13)

Verkruzeni ..

var. plicifera

PAGE

151

149

149

437

437

435

432

434

436

436

- var. costellata (XV, 11) 151

— var. virgata (XV, 7-9) 151

(XV, 10)

Aporrhais Macandrese

— pes-carbonis

— pes-graculi

pes-pelicani (XLI, 26-29)

var. minor (XLI, 30)

var. Serresianus ...

Serresianus (XLI, 33) ...

— var. Macandrese

(XLI, 34) ... 437

— speciosa ... ... ... 434

Uttingerianus (XLI, 31, 32) 435

Area diluvii ... ... ... ... ... 5

Archimediella (s.-g.) bicarinata ... ... 456

Astyris rosacea (XIII, 13, 14) ... 57

-- (s.-g.) Holbollii 57

— (s.-g.) sulculata ... ... ... 308

Atilia Borsoni ... ... ... 309

Atractodon elegans (XXXVII, 9) 115, 364

— var. inflata (XXXVII,

10-13) 365

Babylonella (s.-g.) gracilenta ... ... 410

(s.-g.) Reedii 409

— (s.-g.) subangulosa ... ... 409

(s.-g.) Wouweri ... ... 410

Bela ajqualis ... ... ... ... ... 300

60
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PAGE

Buccinum propinquum ... ... ... 73

— prysmathicum ... ... ... 65

pyramidale ... ... ... 295

— reticosum ... ... ... ... 61

— reticulatum 318,320

— rosaceuin .. ... ... ... 57

rugosuni ... ... ... ... 61

Sabinii, Gray 179,183

— scalanforme ... .. 104

— scriptum ... ... ... ... 55

— semistriatum ... ... 72, 328

— sericatum ... ... 99

— serratum ... ... ... 70

spectabile.. ... ... ... 85

— striatum ... ... ... *... 91

— sulcatum ... ... ... ... 307

— tenebrosum var. borealis ... 100

— tenerum ... ... .. 92

tenue (VIII, 10, 11) ... ... 104

terrae novae (IX, 11, 12)

90, 100, 109, 114

tetragonum ... ... ... 116

Tottenii (X, 6) ... 106, 109, 113

var. islandica (X, 7, 8) 114

— tritonium ... ... 328

truncatum ... ... ... 129

— tumidulum ... ... ... 103

— turonense . .

.

... ... ... 85

— undatum 90,94,108

var. acuminata (VI, 3,4) 95

— var. borealis ... ... 94

var. clathrata (VI, 1 , 2) 90

var. coerulea (VII, 3, 4)

91,97

var. crassa (VII, 1, 2) 94

— var. flexuosa (VI, 5) ... 93

— var. groeulandicum . . . 98

— var. lseviusculum ... 92

— var. littoralis (VI, 9, 10)

93, 333

var. maxima ... ... 94

var. minima (VII, ti) 97, 334

var. pulchra (X, 13) ... 96

(XXXV,3;XLIV,17,18) 333

— var. puinilio ... ... 96

— var. Schneideri (VIII,

1,2) 96

var. striata (VI, 6, 7) 91

PAGE

Buccinum undatum, var. tenera (VI. 8) ... 92

— var. zetlandica (VII, 5) 94

— undulatum ... ... ... 106

variabile (X, 4, 5) ... 108, 321

ventricosum ... ... 105, 109

Bulimus lubricus ... ... ... ... 18

Burtinella (s.-g.) bognoriensis ... ... 461

Cancellaria acutangula

— ampullacea

arctica ...

Bellardi ...

— buccinoides

contorta ...

coronata

— costellifera

Couthouy

elongata

— evulsa

gracileuta

granulata

— Joukairiana

— Lajoukairei

niinuta ...

mitraeformis

Nysti

occulta . .

.

— pusilla ...

scalaroides

serrata ...

subangulosa

umbilicaris

— varicosa ...

— var. simplicior...

— viridula ...

Cardium casertanum...

— edule

Carychium exiguum . .

.

minimum (I, 12)

ovatum (I, 11) ...

pachycliilus

Cassidaria bicatenata

var. Canhami (II,

var. rugosa ...

tyrrhena (II, 13)

Cassidea saburon

Cassideum (s.-g.)

Cassis saburon

... 401

... 399

... 429

402, 404

... 407

... 394

... 397

406

... 407

... 405

... 402

... 410

.. 405

... 397

... 397

406, 409

... 396

... 409

... 409

396, 409

... 397

... 404

... 409

... 400

397, 398

... 398

406

... 44

... 413

25

24,48

25,48

25

14) 59

58

58

59

58

59
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Cerithiella trilineata ...

Cerithiolum lacteum...

reticulatum

Cerithiopsis Barleei (XLI, 14, 15)

— lactea ...

Metaxae (XLI, 16-10)

metula ...

minima (XLI, 22)

— — var. nana, Jeffreys

— var. ovoides (XLI,

trilineata

tubercularis (XLI, 20, 21)

var. Barleei

var. minima

— — var. nana

Cerithium adversum ...

concatenate

Crosseanum

— elegans

granosum

Henckeliusii

lacteum ...

Lamarckii

metaxa

minimum ...

— perversum

var. Belli

pseudo-reticulatum

punctatum 411

punctuluui

reticulatum

var. punctulum

var. trinodosa

sinisti-atum

tricinctum

var. inornata . .

.

trilineatum

tuberculare

— var. nana

var. subulata

variculosum

Chrysodomus antiquus

contrarius

despecta, var. carinata

— elegans

intersculptus ...

sitkensis

tornatus

23)

PAGE

424

416

415

419

416

422

420

423

424

423

424

... 420

... 419

... 423

... 423

... 425

... 424

... 422

416

... 427

... 421

... 416

... 413

... 422

... 423

425

... 425

... 416

, 412, 410

... 418

... 414

... 418

... 416

... 427

123,411

... 412

... 424

... 420

... 423

... 419

418

... 368

5, 60, 156

... 162

... 364

157, 166

... 138

... 369

PAGE

Chrysodomus Turtoni ... ... ... 155

Cinctella (s.-g.) trilineata ... ... ... 424

Cirillia (s.-g.) linearis ... ... ... 237

Chenopus anglicus ... ... ... 432,434

pes-graculi ... ... 435

pes-pelicani ... . .. 432

var. anglica . . . ... 432

Serresianus ... ... ... 436

Uttingeri ... ... ... ... 435

Uttingerianus ... ... ... 435

Clathurella concinna (XXVIII, 22, 23) ... 236

Cordieri (XXVIII, 30, 31) ... 239

emarginata ... ... 241

hystrix (XXVIII, 24, 25) ... 240

inflata 243

Leufroyi (XXVIII, 13-15) 233, 235

linearis (XXVIII, 26, 27) ... 237

(XXXIX, 34) ... 379

var. sequalis (XXX, 30) 238

— var. intermedia

(XXVIII, 28) 238

— var. pallida (XX VIII.29) 238

minuta (XXXIX, 33) 379

Philberti (XXVIII, 20, 21) ... 234

purpurea (XXVIII, 16, 17) 231, 234

var. minor (XXVIII,

18, 19) 234

var. Philberti ... 234

(Cordieri) reticulata ... ... 239

— — volutella 243

Clausilia pliocena ... ... ... 21,47,48

Clavatula brachystoma ... ... ... 261

cancellata ... ... ... 239

concinnata ... ... 382

costata ... ... ... ... 244

— interrupta (XXVI, 20) . ... 210

Jouanneti ... ... ... 203

— laevigata ... ... ... ... 263

linearis ... ... ... ... 243

— mitrula ... ... ... ... 269

— perpulchra ... 238

— Philberti 231

plicifera 266,300

— Trevelliana ... ... ... 294

Clinurella (s.-g.) Borsoni 309

Cochliocopa lubrica 18,48

Columbella abbreviata ... ... ... 307

Borsoni (XXXIII, 20, 21) 309
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•PAGE PAGE

Columbella compta ... 56 Cyrena trigonula 39

— erythrostoma (XXXIII, 11, 12) 306 Cyrillia , (s.-g.) linearis conciuna 236

— Holbollii 58

— minor 310 Daphnella attenuata 256

rosacea ... 57 — gracilis 241

scripta (II, 8, 9) 55 — bispidula ... 260

— semicaudata (XXXIII, 9, 10)... 307 — Morchii ... 301

subulata (II, 11, 12) ... 56 — nevropleura 383

suffusa 309 -- stria 243

sulcata (XXXIII, 14, 15) 307 — volutella ... 243

var. abbreviata (XXXIII, Defrancia cylindracea 292

13) 308 — elegans 393

var. elongata (XXXIII, — exarata 285

16, 17) 308 — gracilis 241

sulculata (XXXIII, 18, 19) 308 — bystrix 240

Columbellopsis (s.-g.) Borsoni 309 — Leufroyi ... 235

Colus pygmseus 374 — linearis 237,379

Cominella (s.-g.) aquitanicum 316 — — var. sequalis 238

Conopleura crassa 224 — nobilis 281

elegans ... 222 — purpurea ... 232

Maravignse 222 — var. Philberti ... 234

sigmoidea •22.-) — reticulata ... 239

Contortia (s.-g.) contorla 395 — scalaris 278

Corallinia (s.-g.) aciculatus 347 — stria ... ... 243

Corbicula fluminalis ... 35, 39, 47, 48 — Vablii 296

Cordieri (s.-g.) bystrix 240 — violacea 292

— reticulata 239 — viridula 289

Crassispira (s.-g.) Broccbii ... 220 — volutella 242

Crassopleura Maravignse 222 Desmoulea conglobata (XXXIV, 27) 89.333

Cyclas amnica 43 Dofania (s.-g.) fcriqueter 460

appendiculata 47 Donovania candidissima (XXXIX, 39) 389

— cornea 42 — lineolata (XXXIX, 37) 390

Cyclostoma elegans ... 26 — minima ... 390

Cymatosyrinx (s.-g.) incrassata 222, 223 — multilineata (XXXIX, 38) 389

— sigmoidea 226 Drillia Brocchii (XXVII, 20, 21) . 219

Cypraea affinis 50 — crassa 224

— europsea 49 — crispata (XXVII, 22, 23) ... 217,226

— var. affinis ... 50 — — var. papillosa 227

— lurida 304 — emendata (XXX, 40) 227

— pediculus var. europsea 49 — galerita (XXXIX, 36) 228,378
— pisolina 50 — icenorum (XXVII, 16, 17)... 220,228

— pyrum 304 — var. elongata (XXVII, 18) 221

— sphsericulata 49 -- var. speciosa (XXVII, 19) 222

(Erosaria) spurca (XXXIII, 7 8) 304 — incrassata (XXVII, 28) 222 , 225

Cyprina^islandica 60 — var. crassa (XXVEI, 32) 224

Cyrena consobrina ... 39 — var. dertomagna (XXVII,

— Ducbastellii ... 39 29) ... 223
'— Gemmellarii ... 39 — var.miominor (XXVII, 30) 223
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PAGE 1
PAGE

Drillia incrassata, var. Nysti (XXVII, 31) 224 Fusus Deshayesii ... 361

Jeffreysii (XXXIX, 35) ... ... 377 — ebur ... 197

— Kendalli (XXVIII, 2) . 229 — echinatus ... 131

— Loprestiana ... ... 219 — elegans 364

— modiola ... 230 — Fabricii 131,356

— semicolon ... 377 — fenestratus 136

sigmoidea (XXVII, 24, 25) ... 225 — Forbesi 122, 140, 144, 146

var. pliomagna (XXVII, — fornicatus ... 166

26) ... 226 — glaber ... ... 188

— terebra (XXVII, 33) 229 — gracilis ... ... 175, 178, 192, 372

Drilliola (s.-g.) emendata ... ... 227 — var. convoluta

harpularius

... 178

... 287

Erosaria (s.-g.) spurca ... 304 — liirsutus ... 201

Eulota fruticum (I, 1) ... 9,48 — imperspicuus (XXXVIII, 17, 18) 360

Eupleura caudata (XXXV, 24) ... ... 337 — iucisus ... ... 137

— var. Crowfootii (XXX V 25) 338 — isJandicus ... ... 136, 175, 187, 373

Euthria cornea (XXXVII, 7, 8) ... ... 361 — — var. pygmsea ... 374

— var. minor ... ... 362 — Jeffteysianus ... ... 196

— gracilis (XXXVII, 6) 362 — Kriiyeri 136, 148

— minor ... 363 — lamellosus, Borson (XIV, 24) ... 174

— Gray ... 127

Fluminiua (s.-g.) astartoides ... 43 — — Phil. ... 175

Fossarina (s.-g.) Heuslowanum 46 — Largillierti .. 152

Fusus alveolatus ... 146 — latericeus 189.374

antiquus ... 156, 1(35, 365, 368 — lavatus ... 347

— var. behringiana ... 164 — longiroster, Brocc. (XIV, 23) 123, 173

— var. brevispira ... 164 — longirostris. Homes ... ... 174

— var. striata . .

.

... 169 — Menapii ... 186

— attennatns ... 192 — modiolus ... 230

— Banffius 350 — norvegicus ... 154

— berniciensis ... 363 — Olavii ... 176,193

— bnccinatus ... 196 — peruvianus ... 352

— carinatus 156, 163 — pleurotomarius 254, 295

— castaueus, Sow. ... 172 — propinquus 195,375

Brown ... 379 — pygmseus ... 374

— cinereus 126, 141 — Rigaccii (XXXVIII, 16) ... 360

— clathratus ... 127 — Rosenbergi ... 146

— comptus ... 56 — Sabini, Hancock ... 183

— contrarius 156, 366 — — Jeffreys ... 375

— cordatus ... 185 — Sarsi ... 198

— corneus 178, 361 — scalariformis, Gould ... 127, 351

— — var. minor ... 362 — siuistrorsus 156, 159

— costatus ... 136 — sitchense .. ... 137

— — var. rugosus ... 136 — spitzbergeusis ... 136, 167

— curtus 176,178, 180, 375 — striatus, Sow. ... ... 164

— decemcostatus... ... 157 161, 163 — — Reeve .. 176, 369

— deformis .. 367 — togatus ... 179

— despectus 156, 160 — tornatus 157 , 163, 369
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PAGE PAGE

Fusus tortuosus ... 190 Helix Ogdeni (XXXIII, 1) ... . 303

var. attenuata ... 191 — pulchella ... 12

— turricula ... 278 — putris 23

— Turtoni... 152, 154
!
— rubiginosa ... 11

— ventricosus, Gray 171,370
[

— rysa 8

Sow. ... 370 — sericea, var. rubiginosa ... 11

— Waelii (XLIV, 22) ... 359 — suttonensis 9

— tentaculata ... 35

Genotia ornata ... 216 — (Vallonia) tenuilimbata ... 12

pannus ... 215 Heniipleurotoina (s -g.) contigua ... ... 377

— ramosa (XXVI, 21, 22) ... ... 211 denticula ... ... 208

Q-innania (s.-g.) brachystomum ... 261 plebeia ... 209

— nebula ... 272 Hima (s.-g.), see Nassa ... 324

— ginnanianum ... 273 Hinia (s.-g.), see Nassa ... 318

— lsevigatum ... ... 275 Homotoma elegans ... ... 237

Gulia (s.-g.) acutangula ... 402 emendat urn ... 227

hystrix ... ... 240

Haedropleura Cornishii ... 388 Leufroyi ... ... 235

rufa (XXIX, 7,8) ... 253 Philberti 234

var. Ulideana (XXIX, purpurea... 232

9,10) ... 254 stria ... 243

secalina ... 253 Hvdrobia obtusa ... 34

septangularis (XXVII, 27; Hygromia hispida ... 10.48

XXIX, 8, 4) 251 — incarnata (I, 6, 7) 11. 47, 48

var. secalina i rubiginosa (I, 8) 11,48

(XXIX, 5, 6) 253

Haustator (s.-g.), set* Turritella . 446 Inobittium lacteum ... ... 417

Helicigona arbustorum 14,48 Iphiuoe (s.-g.) Kroyeri ... 429

— var. alpestris 14 Isocardia cor ... ... ... 5, 2( 5,421.439

Helicodonta lens (I, 5) 13, 47, 48

Helix arbustorum 14, 17 Jaminia cylindracea (I, 10) 20, 48

auricularia ... 31 muscorum ... 19,48

— cornea . . 32 Janulus (s.-g.) rysa 8

faux-nigra 14 Jumala Turtoni ... 155

— fruticum 9

— globularis, var. rubiginosa ... 11 Lachesis candidissima ... 389

— Hsesendonckii ... ... 15 — magna ... 309

— hispida 10, 23 multilineata ... 389

— hortensis (I, 4) 16,48 Laeocochlis granosa (XLI, 11-13) ... 427

— incarnata ... 11 var. Macandrewae ... 428

lactea (I, 2) 14, 47, 48 var. pommeraniae ... 427

— lens ... 13 Lampusia (Triton) ... ... 359

— lenta ... 38 Lathyrus albellus ... 135

— lubrica ... ... 18 Latirus albus ... ... 135

— muscorum ... 18 costifer ... 136

— nemoralis (I, 3) 15,48 — gibbulus ... 136

var. hortensis ... 16 Leufroyia (s.-g.) concinna ... ... 236

— Oberndoerferi ... ... 304 Leufroyi ... ... 235
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PAGE PAGE

Limnaea auricularia ... ... 31 Mangilia nebula, var. laevigata ... 274

— var. acuta 31,48 purpurea ... ... 231

— butleyensis ... ... 28. 31, 47, 48 rufa 254, 379

— Harmeri (I, 14) 29, 47, 48 — var. Ulideana ... 254

— Holbollii ... 28 septangularis ... 251
•

labio ... 28 Smithii (XXIX, 21, 22)

.

... 248

— limosa ... 30 striolata, Risso ... 248

— palustris 28,48 — Scaccbi ... 249

— pereger 30, 48 Trevelliana ... 294

— Pingellii ... 28 turricula ... ... 276

— tenuis ... 30 violacea . . 292

— truncatula ... 28, 31 Melampus pyramidalis ... 186

— Woodi 30, 47, 48 Merica contorta (XL, 5-7) ... ... 394

Limuseus acutus ... 31 mitraeformis ... ... 396

Liomesus canaliculars (XII, 1,2) ... 115 Metaxia (s.-g.) Metaxa ... 422

Lithoglyphus fuscus (I, 16) 34,48 Metzgeria alba 135, 358

naticoides ... 35 Meyeria alba (XIII, 15, 16)

albella

135, 358

... 135

Macularia (s.-g:) Oberndoerferi 304 pusilla 135, 358

— Ogdeui 303 Mitra cornea ... ... 311

Mangil ia albida (XXIX, 12) 247 cornicula (XXXIII, 2, 3) . ... 311

— — var. coerulans . 246 ebenus (XXXIII, 4) ... 310

— ambigua (XXIX, 17, 18) .. 250 — grcenlandica ... 312

— angusta
-

.. 382 — lutescens ... 311

— assimilis (XXXIX, 20) ... . 381 Mitrella erythrostoma ... 306

— attenuata ... .. 256 — scripta ... 55

— Bertrandi (XXXIX, 21-23) 2 66, 380 — semicaudata ... 307
— — var. coerulans ... .. 246 — sulcata ... 307
— var. elongatula .. 380 var. abbreviata . ... 308

— brachv stoma .. 261 — var. elongata ... 308
— coerulans (XXIX, 15, 16) .. 246 Modiola modiolus 60

— Cornishii ... .. 388 Monacha (s.-g.) incarnata ... ... 11

— costata (XXIX, 13) .. 244 Monophorus (s.-g.) perversus ... 425
— var. coarctata (XXIX, 14) 245 Murex aciculatus ... 347

— costato-striata (XXXIX, 18, 19) 381 — adversus 425
— dubia (XXIX, 11) 246 — alveolatus 116, 146

•
— elegans .. 393 var. angulatus ... 165

— exarata .. 285 var. consocialis . ... 147

— ginnania ... .. 273 — antiquus ... 168

— gracilis .. 241 — attenuatus ... 256

— Gwynii (XXXIX, 24) ... 382 — Bamffius 127, 350

— bispidula ... .. 260 — barvicensis ... 357

— Holbollii .. 57 — borealis 130, 346

— indistincta (XXIX, 19, 20) .. 250 — boytonensis (XXXV, 21) . ... 339

— Leufroyi ... .. 235 — Canhami ... 345

— linearis .. 237 *—
- carinatus 162, 166

— nebula .. 272 — clathratus 127, 350
— — var. ginnaniana ... .. 273 — contiguus ... 377

61
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]PAGE

Murex contrarius 156

— corallinus 347

— corneus, Linn. 180 361

.

—

— Penn. 175

— costatus 244

— costellifer 406

— craticulatus ... 131, 346,348

— Crowfootii 338

— despectus 160

— echinatus 131 ,239

— elegans 237

— (Alipurpura) elegantula (XXXV, 20) 340

— emarginatus ... 242

— erinaceus 124, 341 342

— exi^uus 336

— fuuiculosus ... 348

— gracilis 241

— harpula 255

— heptagonus ... 120

— iucrassatus 117

— insculptus, A. Bell . .

.

336

— Bellardi ... 337

— interruptus 210

— intortus 212

— linearis 237

— longiroster 173

— metaxae 422

— nebula 272

— Nysti ... 344

— oblongus 219

— peruvianus 351

— pseudo-Nysti ... 343

— purpureus 231

— recticanalis ... 339

— Eeedii... 344

— rudis (XII, 3-5) 122

— rufus 253

— rugosus 135,137

— scriptus 55

— septangularis ... 251

— striatus 164

— subantiquatus 163

— subulatus 56

— tortuosus 125,342

— tricinctus ... 411

— tristichus 341

— tubercularis ... ... 420

— turricula, Brocc. 203

Murex turricula, Mont.

Muricanthus (s.-g.) ...

Muricopsis (s.-g.) exiguus ...

Nassa Caronis

— crassilabris

— elegantula

— Kennardi (V. 11)

(XXXV, 4, 5)

PAGE

276

122

336

316

314

84

87

316

var. elongata (V, 12, 13)... 87

— mutabilis (XXXIII, 23-25) 64, 314

— — var. Conipanyoi ... ... 314

— var. erthensis (XXXIII.

26) 316

var. inflata ... ... 315

— — var. pliomagna ... .. 316

— var. St. Erthensis ... 316

— solida (XXXIII, 22) 313

(Amycla) Edwardsi (V, 22, 23) ... 86

(XXXIV. 15) 329,332

— gigantula (XXXIV, 22, 23) 331

— — Hoernesi ... ... ... 329

— italica 329

labiosa (XXXIV, 20, 21) 72,330

— semistriata (XXXIV, 24) 328, 332

var. calabrieusis 331

var. Edwardsi 332

var. labiosa .. 330

totistriata ... ... 331

— (Desmoulea) conglobata (XXIV, 27)

89, 333

(Hima) angulata, Brooch. ... ... 80

— S. V. Wood ... 80

— consociata (IV, 17, 18) 75, 326

var. belgica (IV, 18) 76

var. brevis (XIII, 19)

76, 123

— — costellata ... ... ... 321

— Cuvieri 81, 321

— — Dautzenbergi (V, 5) 63, 78

— — var. crassisculpta

(V 6) ... 79

var. minuscula

(V 8) ... 79

var. simplex

(V, 7) ... 79

Dollfusii (V, 9) 80

— var. convexa (V, 10) 81
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PAGE

Nassa (Hima) elegans, J. Sow. (IV, 19)

76, 123, 326

— var. intermedia

(IV, 20) 77

— granifera ... 85,328

granulata (V, 1), ... 77,89,326

var. elongata (V. 2) 78

var. fenestrata (V,4) 78

var. gracilis (V, 3
;

XIII. 20) ... 77

— incrassata (XXXIV, 8-10)

80, 88, 324

— var. 1$ (V, 25, 26)

88, 326

— — Jani 328

Kermodei (XIII, 17) 74, 123

... 75

74

.. 74

84

.. 328

87

81, 223

.. 82

81

88, 326

69,85

85

limatula (IV, 9, 10)

monensis, Forbes (IV, 7, 8)

monensis, S. V. Wood
musiva

Perrierise

pumila (V, 24)

pusillina (V, 27, 28)

var. variabilis

— — pusio ...

— pygmaea (XXXIV, 6, 7)

— spectabilis (V, 16, 17)

— turonica (V, 14, 15)...

— — — (XXXIV. 11-14) 326, 328

— — variabilis 81, 323

— — varicosa ... ... ... 327

— venusta (V, 18) 82

— var. Woodii(V, 19)... 83

— Woodwardi (V, 20, 21
;

XIII, 18) 83

— (Hinia) lamellilabra (IV, 11-13) ... 83

— — var. elegantula

(IV, 14-16) ... 84

— — musiva ... ... 84

— — nitida 320

— — propinqua (XXXIV, 18, 19)

73, 89, 322

— — pulchella ... ... ... 84

— — recticostata (XXXIII, 27) 83, 320

— — reticulata (XXXIV, 1, 2) ... 318

— — — var. nitida

(XXXIV, 3-5) 319

— — trivittata(XXXIV,16,17) 73,321

PAGE

Nassa (Niotha) Cantrainei (III, 9, 10) ... 68

— clathrata (III, 3) 66

(XXXIII, 28-30) 317

— va.r. ficaratiensis 317

emiliana (IV, 5, 6) ... 67

— (XXXV, 6) ... 317

ligustica (III, 7, 8) 71, 318

— Micbelottiana 67

serrata (III, 5. 6) 64. 70

— (Telasco) costulata, var. tenuicostata

(XXXIV, 25, 26) ... ... 323

— (TJzita) aubigniensis ... ... ... 62

limata (IV, 1, 2) 66, 69

— var. anomala (IV, 3) 70

— microstoma (IV, 4) ... ... 69

— prismatica (III, 1, 2) 65,69

— — prysmathica ... ... ... 65

— reticosa ... ... ... 61

— — — var. cancellata (III,

19) 63

— — var. concinna ... 63

— — var. costata (III, 15, 16)

63, 123

— var. elongata ... 62

— — var. incisa (III, 4) . . . 64

— var. lineata(III,17, 18)

63, 123

_ _ _ var . pulchra (III, 14) 63

— — var. simplex ... 63

— var. tiara ... ... 64

— semireticosafIII.il) ... 64

— — — var. minor (III,

12, 13) ... 65

Neptunea antiqua (XIX, 1) 158, 168, 170

— — (XXXVI, 26) 368

— — var. brevispira ... ... 164

— — var. Browni .. ... 169

— — var. carinata ... ... 162

— — var. despecta ... ... 160

— — var. gracilis ... ... 170

— — var.icenica (XIX, 11)... 170

— — var. inversa (XXXVE,

27, 28) 368

_ — var. striata (XIX, 7-10) 169

— var. subantiquata ... 163

_ — var.subtornata(XIX,2,3) 169

— var. tornata ... ... 369

— attenuata... ... ... ••• 191
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Neptunea berniciensis 368

— castanea (XVIII, 7) 172

— contraria (XVI, 1, 2) 156, 159, 186

(XXXVII, 3) 366

var. angulata (XVI. 7) 160

var. carinata (XVI, 5) 160

— (XXXVTI,

4,5)... 367

— var. informis (XVI, 6) 160

(XXXVI,

30, 31) 367

— var. sinistrorsa (XVI, 3, 4)

157, 159

curta ... ... ... ... 180

— decemcostata ... ... 171

— deformis 160, 368

— despecta (XVII, 1)

155, 158, 160, 167, 170

— var. behringiana (XVII, 8) 164

— var. carinata (XVII, 5
;

XXV, 4) 162

— var. Cobboldi® (XVIII,

8, 9) 164

— var. curtispira(XVHI,6) 167

— var. decemcostata (XVII,

3,4; XXV, 3,5) ... 161

— var. intermedia (XVII, 2)

165, 171

— — var. intersculpta (XVIII,

5; XXV, 1) 166

— var. pumilio (XVIII, 1,2) 165

— var. subantiquata (XVII,

6,7; XXV, 2) ... 163

— var. subspitzbergensis

(XIX, 4-6) 167

— var. tornata (XXXVI, 29) 369

— ebur .. ... ... ... 197

— fornicata, var. multistriata ... 166

— glabra 188

— gracilis ... ... 175, 177, 372

— hirsuta 201

ignota (XXIV, 16) 173

— incisus ... ... ... ... 138

— intersculpta ... ... ... 171

— islandica 187,373

— Jeffreysiana ... ... 196,373

— Kroyeri ... ... ... ... 148

— Largillierti ... ... ... 153

PAGE

Neptunea latericea 189, 374

— norvegica ... ... 154

— pertenuis ... ... 374

— propinqua . .

.

195, 375

— pupoidea ... ... 186

— Sarsii ... 198

— sinistrorsa 157, 159

— spitzbergensis ... 167

— tenuistriata (XXXVII. 1.2) ... 369

— togata ... 181

— tornata ... 170

— torra ... 371

— tortuosa ... ... 190

— turrita ... 191

— Turtoni ... 155

— undulata ... ... 137

— varicosa 323, 327

ventricosa (XXIII, 20) ... ... 171

— Verkriizeni ... 149

— virgata ... 151

Nerita pisciualis ..." 39

Nessea candidissima ... ... 389

— lineolata ... 390

Newtoniella trilineata (XLI, 24) . . ... 424

Niotha (s.-g.) 66, 317

Nucula Cobboldiae ... 187

Ocinebra aciculata (XXXV, 18, 19) ... 347

Canhami (XXXV, 15, 16) ... 345

craticulata (XXXVI, 17-19) ... 345

var. reticulata

(XXXVI, 20. 21) 346

erinacea (XII, 12-14) ... ... 124

(XXXV, 17) ... ... 341

funiculosa (XXXVI, 1, 2) ... 348

pseudo-Nysti (XXXV, 12) ... 343

var. similis ( XXXV,
13) ... 344

Reedii (XXXV, 11) ... 344

tortuosa (XXXV, 7, 8) 125, 342, 345

var. boytonensis (XII ,8) 125

var. clathrata (XXXV,

10) ... 343

var. minor (XII, 9-1]

123. 125

— (XXXV, 9) 343

Ocinebrina (s.-g.) aciculata ... 347

funiculosa ... 348
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PAGE

Oligotoma Basteroti . . . ... ... ... 215

bipunctula (XXVII, 12-15

;

XXVIII, 5-8) 218

var. proxima

(XXVIII, 3, 4) 219

decorata (XXVII, 3, 4) ... 217

festiva (XXVII, 5-7) ... 216, 227

ornata (XXVII, 1, 2) 216

pannus (XXVII, 8-11) 215

Paludestrina Reevei

Paludina fusca

— glacialis

— leuta

media

— obsoleta

parilis

tentaculata...

vivipara

Panopasa Menardi

Parasipho Kroyeri (XV, 4, 5)

— var. major

— var. pumila

Patella lacustris

Patula rysa ...

Pera appendiciilata ...

Peratotoraa concinna

harpula

hystrix ...

Leufroyi

linearis ...

purpurea

reticulata

Petalocoucha (s.-g.) glomeratus

— intortus

Philbertia (s.-g.) purpurea ...

Philberti

Pisania exigua (XXXV, 22, 23
; XLIV,

Pisidium amnicum (I, 21) ...

var. sulcata

astartoides (I, 23) . .

.

casertanum (I, 19)

— concentricum

fontinale ...

— var. Henslowana

Henslowanum (I, 22)

var. supinum

obliquum ...

34,48

.. 34

.. 36

.. 37

37

.. 37

37

.. 35

.. 38

52, 211

.. 148

.. 149

.. 149

.. 27

8

.. 46

.. 236

.. 255

240

.. 235

.. 237

.. 232

.. 239

.. 459

.. 457-

232

.. 234

19) 336

.42,48

.. 43

..43,48

..44,48

.. 44

45

46

..46,48

.. 45

.. 42

PAGE

Pisidium pusillum ... 44

— suilla ... 46

— (Rivulina) supinum (I, 20) ...45,48

Planaxis mammillata ... 319

Planorbis clathratus ... 32

— com planatus ... 33

— corneus ... 32, 48

— marginatus ... 33

— precursor... - ... ...33,48

— spirorbis ... ...32,48

— umbilicatus ... 34

Pleurotoma albidum ... 247

— ambiguum ... 250

— antwerpiensis ... 205

— arctica . .

.

... 291

— attenuata ... 256

— var. gracilior ... 257

— var. notata . .

.

... 258

— var. tenuicosta ... 257

— var. volvula ... ... 257

— Bertrandi 266 273, 380

— bicarinata 299, 393

— var. violacea . .

.

... 292

— bipunctula ... 218

— Boothii ... ... 235

— borealis . .. ... 298

— bi'achystoma ... 261

— Broccliii ... 219

— carinatum 230, 299

— castanea ... 379

— cirratum ... 302

— coarctata ... 245

— coerulans ... 246

— compacta ... 385

— concinna ... 236

— concinnata 261, 382

— contigua (XXXIX, 1, 2) 205, 377

— Cordieri . .

.

... 239

— Cornishii ... 388

—

coronata ... 221

— costata . .

.

244, 269

— — var. coarctata ... ... 245

— costato- striata ... 381

— crassa ... ... 224

— crispata . .

.

217,226
— — var. papillosa .. ... 227
— crispatum, Phil. ... 219

— Reeve ... 219
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PAGE PAGE

Pleurotoma curtistorna ... 271 Pleurotoma nebula 272. 297

— decorata ... 219 — — var. elongata ... ... 273

— decussata 261, 289, 300, 382, 386 — nebulosa ... 273

— denticula . . . 208, 209, 221 — neuropleurum . ... 383

— denticulata (XXVI, 7, 8) ... 208 — nivale ... ... 207

— Dowsoni ... 291 — notata ... 258

— elegans, Moll. ... ... 393 — ornata ... 216

— — Phil . . . 222 — pannus ... 215, 216, 217

— emarginata ... 241 — Payraudeaui ... 262

— emendata ... 227 — Payraudoti ... 262

— exarat.i, ... ... 285 — perpulchra ... 238

— festiva ... ... 216 — Philberti ... 234

— galerita ... 228, 377 — plebeia (XXVI, 9, 10) ... 209

— Gastaldii (XXVI, 19)... ... 209 — plicatella ... 258

— ginnania ... 273 — porrecta ... 207

— ghmanianum ... 273 — purpureum 231

— gracile ... 241, 256 — pyramidalis 295

— gracilior ... 257 — ramosa ... ... 211

— granuliua ... 217 — Eeuieri ... ... 227

— Grwynii ... ... 382 — reticulata, Brown 294

— harpula ... . 255 — — Phil. ... 239

— harpularia ... 287 — robusta ... ... ... 279

— Heckeli ... ... 216 — Rochettse ... 228

— hispidula . . . 259 261, 383 — rufa ... 253

— Hoeruesi ... 387 — — var. Ulideana ... 254

— Hosiusi ... ... 221 — scalaris ... . . . 278, 298

— hystrix ... ... 240 — — var. abyssicola ... 280

— icenorum ... 220 — — var. ecarinata . .

.

... 280
— incrassata ... 222, 224 — scalaroides ... ... 283

— inermis (XXVI, 5) ... ... 207 — secalinum ... . . . 253

— — var. nuda (XXVI, 6) . . 207 — Selysii (XXVI, 17 18) ... 206

— inflata ... ... 235 — semicolon 218, 228

— interrupta ... 210 — semiplicatum ... ... 243

— intorta ... ... 212 — var. minus ... 243

— Keepingi ... 388 — senilis ... ... 264

— laevigata ... 274 — septangularis ... ... 251

— Leufroyi ... 235 — sigmoidea ... 22-->

— linearis ... 237, 379 — siruilis 259, 261

— Loprestianum ... .. 219 — Smithii ... ... 248

— Maravignas ... 222 — stria ... 243

— megastomuin ... ... 267 — striolata 248 270, 386

— mitrula ... ... 385 — subulata ... ... 260

— modiola ... ... 230 — Suessi ... ... 225

— Morchi ... ... 302 — Tarentini ... ... 229

— Morreni ... 212 — tenuistriata ... 263

— multistriata ... 288
.

— terebra ... ... 229

— nana, Scacc. ... 268 — Trevellianum . .

.

... 294

— nanum, Phil. ... ... 268 — Trevelvana ... ... 294
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PAGE

Pleurotoma turgida 267,269

turricula, Brocc. (XXVI, ] .2)

203,205

var. antwerpiensis

(XXVI, 3, 4) 205

— Mont, 276

var. scalaris 278

var. rosea ... 288

— turrifera 203

Ulideaua 254

variegatura 234

Vauqueliui 247

violacea 292

— var. gigantea ... 291

volutella 242

volvula ... 257

Plicifusus (s.-g.) Herendeenii 184

— Kroyeri 136

spitzbergensis 136

Polytropa lapillus 117

— var. imbricata ... 117

Pomatias elegans 26

Harmeri (1,9) 26, 47, 48

Potamides tricinctus (XL, 23-25)... 411 448

var. icenica (XL, 26)

412 419

— var. inornata (XL, 22) 412

var. subagranosa 412

Pseudotoma intorta (XXVI, 11-14) 212

— — var. Morreni (XXVI,

15, 16) 213

Pterouotus (s.-g.) 340

Pteropurpura (s.-g.) boytonensis 339
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characters of the adambulacralia. These ossicles are extremely broad, with an

oral surface scarcely above the level of the cross-ridge of the ambulacralia, and

with a characteristic ornament (Text-figs. 118, 119, p. 174). The alignment of

the ambulacralia with the adambulacralia makes the groove very shallow, and the

oral surface of the arm flat. This, with the petaloid shape of the arm, produces a

leaf-like appearance suggesting the generic name Platanaster for the Ordovician

form (irXaruvoQ, a plane tree, so called from its broad, flat leaf).

Although both Platanaster ordovicus and Palasteriscus devonians have the same

peculiar adambulacralia, which, with other characters, show that they belong to

one and the same small branch of the Asterozoa, they differ in other ways so con-

siderably that one is loth to follow one's first inclination and put them in the same

genus, regarding one species as the ancestor of the other. The earlier form has

well-defined infero-marginalia which are lacking in the later species. This in itself

would not be an insuperable objection to placing the forms on the same exact line

of descent, for it is possible that infero-marginalia may be lost during lineage

evolution. A far greater difficulty is the position of the madreporite. In the

Ordovician species this plate is apical and marginal, while m the Devonian species

it is oral and quite near the mouth. Following the line of argument developed

later (pp. 178-182), one would place the first form, with its fused arm-bases (Text-

fig. 114, p. 172) and its apical madreporite, with the Asteroidea. It is difficult to

explain the position of the madreporite in the later form except by the supposition

that its arms never fused at their bases, and so allowed a secondary growth of the

apical interradii to carry the madreporite on to the oral surface. This would place

Palasteriscus devonicus among the Ophiuroidea, and we should have the paradox of

two nearly related forms belonging apparently to distinct branches of the Asterozoa.

Fortunately, we have other series of related forms which show similar

phenomena. The arms of Stenaster often approximate at their bases because

their adambulacralia are so very broad. This character causes fusion of the arm-

bases of Monaster, which, according to Schuchert, is allied to Stenaster. The

madreporite remains in consequence apical and marginal in this latter form. On
the other hand, Aspidosoma, a near ally of Stenaster, has unfused arm-bases, and

a downgrowth of the apical interradii, which carries the madreporite to an oral

position.

We can only suppose that among the earliest Asterozoa the impulse to become

definitely either Asteroidea or Ophiuroidea was not fixed. I have suggested below

(p. 195) that the "Asteroid" character of fusion of the arm-bases and the

" Ophiuroid " character of downward growth of the apical interradii are both

brought about by feeding habits. According to my interpretation, Platanaster

ordovicus is a form which has specialised in ciliary feeding, and has developed a

large ciliary area by increasing the surface of the infero-marginalia, which in con-

sequence meet along the interradii, while Palasteriscus devonicus is descended from
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a nearly related form with infero-marginalia small or absent, which has taken to

mud-eating; its stomach has become enlarged, and the apical interradii have had

to grow outwards to accommodate it.

There can be no doubt that the Platanasteridae branched off from the Asterozoan

stem at a very early date, and had reached a high stage of development in the

Ordovician. That the family is far advanced in its lineage history is shown by

:

(1) The large size of the species. The type is the largest English species of

its time, and only the American Ordovician species of Promopalseaster approach it

in size.

(2) The petaloid nature of the arms. Ruedemann (97, p. 35) has shown that

this is a gerontic character in Devonaster.

(3) The enlarged mouth-angle plates comparable with those of Promopalseaster

(compare Text-fig. 55, p. 96).

On the other hand the proximal ambulacralia are in a primitive condition.

Usually among the Asterozoa the first ambulacralia are thickened and help to

form a continuous ring-shaped mouth-frame. Here they are not thickened, and

diverge very considerably from the radial line, forming a deep V in each radius.

Similar divergent proximal ambulacralia are found in many other primitive

Asterozoa, and Bather (89, p. 165, fig. 3) has figured divergent ambulacralia as a

character of Edrioaster.

The diagnostic characters of the two genera are as follows

:

Platanaster.—Arms fused at the base. Stout infero-marginalia present.

Madreporite apical.

Palasteriscus.—No infero-marginalia. Madreporite oral.

Genus PLATANASTER, novum.

Generic Character*.—As above.

1. Platanaster ordovicus, n. sp. Plate XIV, figs. 1—3; Text-figs. 114-118,

120, 121.

Material.—One well-preserved impression with counterpart in the collection

of the Museum of Practical Geology, Jermyn Street, no. 8238 (mould of apical

surface) and no. 25347 (mould of oral surface).

General Appearance (Text-fig. 114).—Text-fig. 114 is a reconstruction of one

arm and the neighbouring interradii. The form is so well preserved that the

figure is almost an exact drawing from a cast of the specimen. The broad

petaloid shape of the arm is brought about by three factors—the great breadth of

the adambulacralia, the spindle shape of the deep ambulacra] channel, the decrease

in size of both the ambulacralia and adambulacralia from about the middle lenerth
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of the arm in both a proximal and distal direction. The first two infero-marginalia

are incorporated in the disc. In front of these is a prominent breast-plate-shaped

odontophor. The month-angle plates are very large and extend backwards as far

as the third adarnbulacral. The cross-section of the arm, given as Text-fig. 115,

0. MP.

Text-fig. 114.—Slightly reconstructed drawing of the oral view of an arm and a portion of the disc of

Platanaster ordovicus. Ad., adarnbulacral ; Am., ambulacral; I.M., infero-marginal ; M.I'., mouth-angle

plate ; O., odontophor. x 3.

shows the shallowness of the groove, the great depth of the ambulacral channel,

and the apical covering of uniformly sized paxilla?.

Oral Surface (Text-figs. 116—Hi)).—The mouth-angle plates are high, narrow

wedges which project well beyond the proximal limits of the groove into the

mouth-cavity. The proximal extremity of each plate rises steeply and carries a

row of spine-pits along its adoral edge. Stout spines, which once fitted on these,

still remain scattered between the plates. The slightly swollen inner surface is

excavated for the attachment of the first three adambulaeralia. The third
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adambulacral has fallen away in the month-angle drawn (Text-fig. 116), but can

be seen in Text-fig. 117, which is an aboral view of another mouth-angle. The

clearest views of the distal extremities of the mouth-angle plates are given in Text-

fig. 114. Here they are deeply hollowed, and the odontophor fits across the wide

triangular space thus formed. The upward tilt of the adoral surface of the mouth-

Su.Am.

Ad. Am.

Text-fig. 115. - Cross-section through the arm of Platanaster ordovicus. Ad., adambulacral ; Am., ambulacral;

T.M., infero-marginal ; Su. Am., super-ambulacral. x 5.

angle plates, as shown in the figures, suggests that the form was preserved while

the external interdental muscles were in a state of contraction (Text-fig. 134, D.

musc.%i p. 193).

The ambulacral groove is wide and petaloid. The broad, short adambulacralia

are very slightly higher than the ridges of the ambulacralia. A view of the ossicles

MP
Tbxt-fig. 116.—Adoral view of an angle of the mouth-frame of Platanaster ordovicus. Ad.

y
and Ad.

2, the first

two adambulacralia ; 31. P., mouth-angle plate, x 10.

of the groove showing full details is given (Text-fig. 118). The ambulacral channel

is deep and has precipitous sides. The concavities for the transverse muscles are

well marked, suggesting that they were strong. There is a marked overlap of the

ambulacralia, which takes the form of a wide curved peg much as in Stenaster

(compare with PL I, fig. 6). The ridges across the ambulacralia are as described

for Schuchertia (p. 183). Slight pustular elevations are seen on some of the outer

extremities of the ridges of the ambulacralia. Bather has noted (91, IV, p. 123)
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that the ridge on the flooring plates of Edrioaster bigsbyi may be broken np into

a row of tubercles. These are the only two instances of this character I have met

with among the Echinodermata. There are no pores for the passage of ampulloe.

The noses of the adambulacralia fit on large triangular faces at the outer edges

117 118

M.R mi. Ad
I.M.

0.

<£
Text-fig. 117.—Enlarged view of a mouth angle of Platanastcr ordovicus. Ad. lt Ad.*, Ad.

3 , first, second and
third adambulacrals ; M.P., mouth-angle plate j 0., odontophor. x 8.

Text fig. 118.—Enlarged view of a portion of the groove and neighbouring ossicles of P/atanaster ordooieut.

Ad., adambulacral ; Am., ambulacral ; /.M., infero-marginal. x 10.

of the ambulacralia. Between the noses are shallow depressions for the tube-feet.

Each nose is continued as a sharp ridge across the adambulacral for about two-thirds

of the breadth of the ossicle, after which the ridge broadens and dies gradually

away, forming an outer triangular area which carries oblique transverse rows of

Text-fig. 119.— Enlarged view of a portion of the groove and neighbouring ossicles of Palasteriseus devonicus.

Ad , adambulacral ; Am., ambulacral. x 4.

spines. Single spines are carried by the ridge right up to the point where the

nose fits on to the ambulacral. The occurrence of these inner spines is interesting,

because it shows that the linear arrangement of the ambulacralia and adambula-

cralia is a natural one, and not due to the collapse outwards of the adambulacralia

after death. If during life the adambulacralia had stood, as is usual, at more or

less a right angle to the ambulacralia, the walls of the groove would have been
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very steep and the spines unnecessary. A widely open groove would necessitate,

on the contrary, the protection of the tube-feet by spines carried in the fashion

described.

The adambulacralia are closely touching and slightly ridged at their points of

contact. It is difficult to imagine that the arms had much power of flexion. At

one point the ambulacralia and adambulacralia have been pushed away by post-

mortem disturbance, and the base of a super-ambulacral plate is seen.

The infero-marginalia throughout the greater part of the length of the arms

are closely-fitting plates alternating with the adambulacralia. They possess

a large outer flat area ornamented with pustules, and a small inner sunk

unornamented area. At the extreme tip of the arm they become globular.

The two infero-marginalia which meet at the base of the arm are the largest

and are sickle-shaped (Text-fig. 114). Just within the disc are two large plates

Px.

Text-fig. 120.—Drawing of a portion of the apical surface of Platanaster ordovicus. Am., ambulacral

;

I.M., infero-marginal ; Px., paxilla. x 12.

which suggest, both by general appearance and ornament, that they are infero-

marginalia incorporated into the disc by fusion of the arms at the base. The

main axis of these plates is also sickle-shaped.

Apical Surface (PI. XIV, fig. 1 ; Text-figs. 120, 121).—A side view of the

original impression of the form shows that the broad bordering plates are the

infero-marginalia. The apical surfaces of these are very similar to the oral faces

described already. The remaining portion of the apical surface was originally

covered with long slender paxillge in rows alternating with the infero-marginalia.

The paxilla? have fallen away from the central portions of the disc and exposed

the mouth-frame. The proximal ambulacralia distinctly diverge, forming descend-

ing V's along the radii (PL XIV, fig. 1) and ascending A's along the interradii.

Text-fig. 121 shows one of these ascending A's. The tip is occupied by the

highest portions of the mouth-angle plates ; the greater part of these plates lies

too low to be in view. The groove pointed to by the dotted line reaching to the

letter A is the groove for the water-vascular ring-canal. The canal was plainly

carried along the top of the ambulacralia constituting the V. The course of this
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channel was not recognised, however, until the figure had been drawn, and it is

not shown. The A is kept in position by the odontophor, which has wide flanges

fitting against outer flanges of the ambulacralia. The intimate connection and

close fitting of these components suggest that the odontophor played a very

important part in holding the mouth-frame together.

Here and there accessory stiffening plates (Text-fig. 115) are exposed. I have

termed these "superambulacralia," after the plates of similar function in the recent

Astropecten. The madreporite is a long, roughly elliptical plate, situate near the

margin (Plate XIV, fig. 1). The madreporiform markings are faint.

A m.

o.

Text-fio. 121.—Wash drawing of the apical view of the interradial month-region of Platanaster urdovicus,

A., ascending limit of the mouth-angle plate ; Am., ambulacra! ; O., odontophor. x 10.

Measurements.—R : r :

Horizon and Locality.

Shropshire.

43 mm. : 15 mm. Width of arm at the base is 17 mm.
-Upper Ordovician (Caradocian) of Cound, Madeley,

Genus PALASTERISCUS, Stiirtz.

1886. Palasterhcus, Stiirtz, Palaeontographica, vol. xxxii, p. 95.

1890. „ Stiirtz, Palseontographica, vol. xxxvi, pp. 223-225.

1893. ,, Stiirtz, Verhandl. Naturh. Ver. preuss. Rheinl., Jahrg. 50, pp. 44, 61.

1900. ,, Gregory, Lankester's Treat. Zool., vol. iii, Echinodernia, p. 257.

1914. ,, Schuchert, Fossilium Catalogus, Animalia, pt. 3, pp. 5, 8, 32.

1915. „ Schuchert, Bull. 88, U.S. Nat. Mus., pp. 44, 199, 200, 252.

Generic Characters.—No infero-marginalia. Madreporite oral.

Stiirtz, as was his custom, tried to establish relationships of his genus with

recent Asteroidea. At first (1886) he thought that these were with Asterina and

Palmipes (= Asteriscus, Miiller and Troschel), but later (1890) he decided that its
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real kinship was with Solaster and Valvaster, and as these were put in the recent

family, the Echinasteridae, he founded for it a new family, the Palgechinasteridae.

Gregory (1900) founded the family Palasteriscidse for Palasteriscus and Echin-

asterella. Schuchert (1914) enlarged Gregory's family by the addition of

Cheiropteraster and Loriolaster. The structure of these latter three genera

will be dealt with later. They have a very different structure from that of

Palasteriscus.

The only species is Palasteriscus devonicus, Stlirtz, from the Lower Devonian

slates of Bundenbach, Germany. 1 Three specimens, including Stiirtz's type, are

preserved in the British Museum (Nat. Hist.) nos. E. 3466 (the type), E. 3407,

and E. 5026. A drawing of the ambulacralia and adambulacralia of E. 3407 is

given here (Text-fig. 119, p. 174) to show the exact correspondence of these

ossicles with those of Platanaster ordovicus. There are no infero-marginalia in

Text-fig. 122.—Apical view of the ambulacralia of Palasteriscus devonicus. Am., ambulacral ; Ar., forwardly
projecting peg. x 10.

this species as there are in the earlier form. The photograph of the apical

side of E. 5026 (PI. XIV, fig. 4) shows transverse rows of paxillaa and broad

petaloid arms—characters not shown in Stiirtz's figures drawn from the type. It

is possible that the form of the arm, as seen in the photograph, is somewhat

over-emphasised by dorso-lateral compression, and that originally the arm was

more rounded.

The apical surfaces of the ambulacralia show that the dorsal longitudinal

muscles had increased their power beyond that observable in the Ordovician

species. The closely fitting plates of Platanaster ordovicus (Text-fig. 120, p. 175)

are replaced by ossicles which have a distinct peg-and-socket fitting. The

development is comparable to that observed in Schuchertia (compare with

Text-fig. 126, p. 186, and Text- fig. 127, p. 187). Measurements give R as

approximately 140 mm. The large madreporite is 22 mm. long.

i hoc. cit., vol. xxxii (1886), p. 95, p], xiv, fig. 1
;

vol. xxxvi (1890), pp. 223-225, pi. xxviii, fig. 23,

pl. xxix, fig. 24.

24
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Section E.—Family Eoactinid.e, nova.

1890. Palteasterinidse, Stiirtz, Palseontographica, vol. xxxvi, p. 240 (contains Palasterina).

1899. „ (pars), Gregory, Geol. Mag., dec. iv, vol. vi, p. 348 (contains Palasterina,

Schcenaster, Schuchertia).

1899. Lindstromasterinse (pars), Gregory, Geol. Mag., dec. iv, vol. vi, p. 346 (contains Lindstromaster

and Uranaster).

1910. Palasterinidse, Schondorf, Jalirb. nassauisch. Ver. Naturlc, Wiesbaden, vol. lxiii, p. 220.

1914. „ (pars) Schnchert, Fossilium Catalogus, Animalia.pt. 3, p. 7 (contains Pet raster,

Lindstromaster, Palasterina, Uranaster, Palteostella, Pseudopalasterina).

1914. Schuchertiidse, Scliuchert, Fossilium Catalogus, Aniraalia, pt. 3, p. 8 (contains Schuchertia).

1915. Palasterinidse (pars), Scliuchert, Bull. 88, U.S. Nat. Mus., p. 138.

1915. Schuchertiidse, Schuchert, Bull. 88, U.S. Nat. Mus., p. 194.

Diagnosis.—Interbrachial areas occupied by downgrowths of the apical

interradii separating the bases of the arms. Madreporite oral. (These characters

are those distinctive of the Ophiuroidea, see below.) Ambulacral channel open to

exterior, ambulacralia not modified into vertebras. (These characters distinguish the

Eoactinidge from the recent Ophiuroidea and from the Palaeozoic Ophiuroidea which

have been termed Auluroidea.) Adambulacralia usually broad and possessing broad

surfaces of contact with their neighbours. When they form the oral margin of

the arms they never occupy the whole of the lateral surface—that is, never are side

plates. (These characters distinguish the Eoaetinidst'from other Palxozoie Ophiuroidea

which possess an open ambulacral channel and ambulacralia not modified into vertebrae.)

This section contains a number of forms of distinct Asteroid shape which up to

the present have been regarded as Asteroidea, e.g. Eoactis, Schuchertia and

Palasterina. They seem to be rather "Asteroid" forms which lie at the base of

the Ophiuroidea.

In order to make this clear it is necessary to examine closely the exact differ-

ences between the Asteroidea and the Ophiuroidea. It is usual and natural for

authors well acquainted with the living forms, when stating the differences between

the two groups, to lay great emphasis upon the adaptations which the Ophiuroidea

show for the wriggling habit. Thus MacBride states (43, p. 477) in respect to

the Ophiuroidea that " like the Asteroidea, they are ' starfish,' that is to say, they

consist of a disc and of arms radiating from it; but the scientific name Ophiuroidea

really represents the great dominating feature of their organisation. Literally it

signifies ' Snake-tail ' (opie snake ; ovpa tail), and thus vividly describes the

wriggling, writhing movements of .the long thin arms, by means of which the

Ophiuroid climbs in and out of the crevices between the stones and gravel in which

it lives. This feature, viz. the effecting of movement by means of muscular jerks

of the arms instead of by the slow protrusion and retraction of the tube-feet, is

the key to the understanding of most of the points wherein the Brittle Stars differ

from the true starfish."
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We should expect to find, when we study the fossil Asterozoa, primitive forms

which would be near the stage at which the Ophiuroidea and the Asteroidea took

their different paths of evolution. These forms would not, as yet, have pronounced

distinctive habits ; that is, the Ophiuroidea would not have acquired the long thin

arms peculiarly adapted for wriggling. We must find, therefore, some more

delicate test when dealing with the primitive forms. It seems to me that the

manner of growth of the disc is such a test, although it must be noted that even

this breaks down when applied to the most primitive forms (see above, p. 170).

Nevertheless, until some better means be devised this test must be followed, and,

Text-fig. 122a.—Diagrams illustrating the increase of growth of the disc in the Asteroidea. 2. An angle
of the disc of one of the Hudsonasterida?. The liases of the arms are unfused, as shown by the entire

separation of the proximal infero-marginalia by the median egg-shaped odontophor. //. In the Mesopala?-
asteridae the first infero-marginalia of neighbouring arms have been brought together by the beginnings
of arm-fusion, and have enclosed the odontophor. III. In Promopalceaster belhdvs the fusion of the
base of the arms is shown by the approximation of several of the adambulacralia. IV. In Xenaster
margariiatus the arms have fused as far as the third infero-marginal. The incorporated infero-marginalia

are still clearly distinguishable. (This figure is reproduced from Text-fig. 32, p. 62, of this monograph.)

as I hope to show, it serves adequately to separate and illuminate the great mass

of the Asterozoa. Let us consider first the growth of the disc in the Asteroidea.

The most primitive Asteroidea have a very small disc with few plates

(Section A, Text-figs. 34, 38, and Pis. II, III). In the Hudsonasteridse (Text-fig.

122a) this disc is so small that the oral surface has only one interradial plate, the

odontophor, within the axils of the arms. The series of drawings given in the

text-figure shows that the enlargement of the disc took place by the approxima-
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tion of the adambulacralia and infero-marginalia from neighbouring arms. It was

only lately, when reading some observations of MacBride, that I grasped what this

approximation signified. MacBride points out (43, p. 453) that the disc in

the great majority of the recent Asteroidea is really composed of adherent arms,

and that this is at once made clear when the body-cavity is cut open. " This

space is found to be divided up by inwardly projecting folds called interradial

septa, which are stiffened by calcareous deposits and represent the conjoined

adjacent walls of two arms." He also states (op. cit., p. 475) that in the recent

Brisingoidea " the arms have what we must consider to have been the primitive

arrangement, since there is no lateral adhesion between them, and interbrachial

septa are consequently absent." The Palaeozoic Hudsonasterida? and the Asterozoa

of Section C are like the Brisingoidea, and have no lateral adhesion of the arms ; the

Mesopalaeasteridae show the beginnings of adhesion by the approximation of the first

pair of infero-marginalia which enclose the odontophor, a process which, as we

can see by reference to the above-mentioned text-figure, is carried further still in

the Promopalseasteridge and the Xenasteridae. In later evolution the odontophor

is carried below the surface of the disc and its external origin disguised. In

some recent forms, e.g. Brisinga, it still retains its primitive position (compare

Perrier, 99, p. 55). The young form of the recent Echinaster sepositus shows an

odontophor exactly in the Mesvpalseaster position (see Ludwig 101, PI. X, fig. 8).

The infero-marginalia incorporated within the disc by arm-fusion can be traced in

the development of Echinaster sepositns (Ludwig, op. cit., PI. X, fig. 11), but they

are difficult to recognise in the adult. We can state that as a general rule arm-

fusion can be recognised by a study of the external appearance far more readily

in the Palaeozoic Asteroidea than in recent forms, where it is only revealed by

dissection and exposure of the interradial septa. If we now turn to the recent

Ophiuroidea the bases of the arms do not fuse ; in fact they cannot, because they

are separated by a secondary growth of the apical parts of the interradii, which

grow round on the oral surface to form pouches for the reception of the stomach

and for space for the genital bursas (Text-fig. 12, p. 16, and Text-fig. 134, p. 193).

Embryological evidence alone shows that this character must have had its

inception at a very early stage in the racial history of the Ophiuroidea. We can

see this most clearly from the observations on the position of the opening of the

water-vascular system to the exterior. Both Ludwig and MacBride have shown

that the very young Ophiuroid looks like an Asteroid, and MacBride has also

shown that at this stage " the madreporite is on the edge of the disc, and the

stone-canal extends horizontally outwards ; and in some Asteroidea there is a

similar outward direction in its course" (43, p. 487). The figures and descriptions

of Ludwig show the exact point at which the "Ophiuroid impulse" is given.

It .is while the madreporite is still in association with the second adambulacral

—

that is, while the disc is still small (Text-fig. 123). At this very young stage
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growth takes place so that the madreporite (one of the month -shields perforated

for the purpose) is forced round on to the oral side, the plate still retaining its

association with the second adarabulacral. As Sollas has pointed out, this is the

position of the madreporite in the Silurian Ophiuroid LapwortJiura, and I hope to

show that the position is so universal in the Ophiuroidea that we can suppose the

impulse to have arisen at the same developmental period and in the same way in

almost all, if not all, Ophiuroidea.

Palseontological evidence supports the view deduced from embryology. There

can be no doubt that the Ophiuroidea separated from the parent Asterozoan

stock in very early times. We find readily recognisable Ophiuroidea with well-

Text-fig. 123.—A stage in the development of the young AirvpMv.ro, aquamatn (after Ludwig). Ad.
t , Ad.x , Ad. 4 ,

the second, third, and fourth adambulacralia ; 31., the mouth-shield, which functions as a madreporite. x 140.

developed vertebras and large discs in the Ordovician rocks—that is, more or

less contemporaneously with the oldest known fossil Asteroidea. We also find

in these rocks one or more series of forms which have not undergone such rapid

evolution and show the early fossil stages of the evolution of the Ophiuroid disc.

Such a form is Schuchertia, which is known from the Middle Ordovician to the

Middle Silurian. If Ave look at the oral surface of this (see below) we see that the

infero-marginalia and odontophor are arranged on the same common ground-plan

as in Hudsonaster and Urasterella. The arms, however, could never fuse at the

bases because they were separated by a number of interradial plates. Further,

the oral position of the madreporite and its association with the proximal adam-

bulacralia suggest most strongly that these interradial plates have arisen, as in
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the recent Ophiuroidea, by a portion of the apical surface being thrust round

into the oral inter-radii. In fact, we may say that Schuchertia is a fossil

representative of the "Asteroid" stage of the developing Ophiuroid. I am the

more confirmed in this view as I have evidence to be brought forward later

that there are Palaeozoic genera allied to Schuchertia which even more approximate

to undoubted Ophinroidea.

Although the ground-plan of the oral surface of Schuchertia can be compared

with that of Hudsonaster, it must not be assumed, as Schuchert does (1915,

p. 194), that it is descended from that genus. In my opinion the apical surface

of the most primitive Asteroidea and that of Schuchertia differ so fundamentally

that one can only assume that the Ophiuroidea must have been differentiated from

the parent Asterozoan before the " Hudsonaster " structure was typically developed.

If this be true many features which are common to the recent Asteroidea and the

recent Ophiuroidea may not be due to the descent of the Ophiuroidea from the

Asteroidea as commonly assumed, but because of the inheritance of these characters

from a common ancestor.

Sch/uchertia and its allies enable us to study these common ancestral characters

as well as the beginnings of typical characters of the Ophiuroidea.

In dealing with these in the following pages, I have taken opportunity to

refer to the structure of recent forms, as many ambiguities in literature and

observation require clearing up. One point that emerges is, that there is not

such a fundamental difference between the Asteroid ambulacral and the Qpbiuroid

" vertebra " as was at one time imagined. Parallel evolution, probably due to

the action of similar muscles, leads to the independent production of similar

characters in several series.

The Ambulacral Groove.—The ossicles of the ambulacral groove were un-

doubtedly laid down with all their essential peculiarities before the divergence

of the various Asterozoan stocks, for in all these stocks Ave can trace a common

primitive plan, based mainly on the support and protection of the tube-feet.

I have already touched upon this in the Introductory Section of this Monograph,

but further points have emerged. Let us take, for example, the ambulacral groove

of Sch. ivenlocki (Text-fig. 124). The ossicles are shown in such a position that

one is looking straight across the groove on to the wall formed by the inner surface

of the adambulacralia. The nearest point to the observer is the exact radial line

of the arm. The aiubulacralia are of the flooring-plate type already described for

many primitive Asterozoa (Text-fig. 54^4, p. 95; PI. VIII, figs. 1, 2). Support is

given to the floor by a distinct overlap of successive plates. The floor is hollowed

in the middle (.1///. (.'//.) for the radial water-vascular vessel and accompanying

soft structures. Each plate has two ridges placed in the form of a —|. The cross-

ridge rises sharply from the body of the plate and provides one of the walls of the

cup for the reception of the retracted tube-feet ; the longitudinal ridge is parallel
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to the ambulacral channel, and afforded points of attachment for the ventral cross-

muscle which closed the groove. We can see that this muscle must have been

much less powerful than in the recent Asteroidea if we compare the slight con-

cavity shown in the text-figure with the deep pit (V.T. unite.) of Text-figure 125.

The place for the position of the passage of the branch from the radial water-

vascular vessel to the tube-foot is indicated by the cut-away portion of the posterior

branch of the longitudinal ridge. This position differs from that in recent

Asteroidea (Text-fig. 125), where the branch is exactly between the ambulacralia

—a condition which Ludwig (39, p. 355) regarded as primitive. The point will be

returned to later.

.M.

Ad.

Am.CK.
Text-fig. 124.—Floor and inner wall of the ambulacral groove of Schuchertia wenlocJci. Ad., adambulacral

;

Am. Ch., ambulacral channel ; B. Tf., branch of radial water-vascular vessel to tube-foot ; D., distal

direction ; I.M., infero-marginal ; P., proximal direction. This figure should be compared with Text-

fig. 119. x 18.

Bather (90, pp. 317, 318) has shown that there is considerable resemblance

between ambulacralia of this type and the flooring-plates of the groove of Ed rto-

aster. His comparison is as follows :
" In the older Asterozoa, from which the

true Asteroidea and Ophiuroidea were derived, the plates which in a modern star-

fish are known as ' ambulacralia ' were ' little more than mere flooring-plates to the

ambulacral groove' (Spencer, p. 21). They formed a double series, either opposed

as in recent Asteroidea, or alternating as in Edrioaster. Spencer, following

Gregory and Jaekel, regards the latter arrangement as the more primitive. These

ambulacrals were approximately rectangular in plan, and excavated along the per-

radial sutures by a shallow ' ambulacral channel ' for the radial water-vessel.

Along the sutures at right-angles to this the plates were deeply excavate, leaving a

well-marked median transverse ridge along each. The longitudinal ridge, parallel

to the ambulacral channel, was but slight, indicating the feeble development of the
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transverse ventral muscles. Thus far the description is equally applicable to

Edrioaster." Bather then goes on to point out that Edrioaster has podial pores,

while, in the primitive Asterozoa, I alleged them to be absent. I have already

dealt with his statements (see above, p. 67). Sckuchertia, n. sp., quoted there is

S. wenloclci of this section. Podial pores are undoubtedly absent in certain

primitive Asterozoa, e. g. in Platanaster ordovicus (p. 174), but they are present in

more of these early forms than at one time I supposed. It still seems to me,

however, that they arose independently in Edrioaster and in the Asterozoa. Bather

would, I think, regard the impulse towards endothecal ampulla? as common to the

Asterozoa and Edrioaster, and make their existence merely dependent on the

existence in the rays of a thecal cavity large enough to contain ampullae (op. cit.,

Ad.

V.T.muse.

\
B.Tf

Am.Ch.
Text-fig. 125.—Floor and inner wall of the ambulacral groove of Archaster fypicas. Ad., adambulacral

;

Am.Ch., ambulacral channel; B.Tf., passage for branch water-vascular vessel to tube-foot; D., distal
direction ; /., articulation of the adambulacral with its own ambulacra ; it'., articulation of the adam-
bulacral with the following ambulacral; P., proximal direction; I'.T.mu.ic, ventral transverse muscle.
x 10. This figure may be compared with Text-fig. 5, p. 12.

p. 318). P. ordovicus has a large thecal cavity but no passages for endothecal

ampullae. I might also add that I cannot see that the question of presence or

absence of endothecal ampullae is of great importance in studying genetic affinity.

Bather also shows (op. cit., pp. 318, 319) a resemblance between the adambula-

cralia and the covering-plates. He states that the main point of distinction is that

" the adambulacrals of starfish do not close over the groove in the same way as

did the cover-plates of Edrioaster, and the contents of the groove are generally

protected by groove-spines borne on the adradial margin of the adambulacral

plates. None the less, by the approximation of the two sides of the groove,

eifected by the ventral cross-muscles, the adambulacrals may be brought quite

close together, and in some species they may when thus closed be observed to

alternate just like the cover-plates of an Asteroid. See, for example, Ludwig,
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1905, ' Asteroidea of the Albatross,' ' Mem. Mus. Comp. Zool. Harvard,' vol. xxxiii,

fig. 51, Pentagonaster emesti, fig. 135, Paulia horrida; Koeliler, 1910, 'Shallow-

water Asteroidea in the Indian Museum,' pi. xi, fig. 3, Pentaceros indicus, pi. xii,

fig. 2, P. reinhardfi, and others; Gregory, op. cit., fig. 1/;, Lindstrqmaster, the ray

in the north-west position."

I am inclined to think that originally the adambulacralia of the Asterozoa were

even more like covering-plates than in the examples quoted by Bather. We have

seen that in several genera, Urasterella and its allies, Lepidaster and Lepidactis, the

adambulacralia are large and could completely cover the groove. The specimen

of Palasterina primseva figured in PI. XV, fig. 7, shows a similar condition. In

the Middle Ordovician species Schuchertia stellata and the Upper Ordovician

8. laxata (figured below) the adambulacralia completely cover the groove, while

in the Middle Silurian form 8. werilocki the adambulacralia are comparatively

small and the groove is widely open. A similar reduction in the size of the

adambulacralia can be followed in the Asteroidea of Section A (compare, e. g.,

Belaster ordoricus, PI. Ill, fig. 3, and Proinopalxaster elizas, PI. IV, fig. 2). This

evidence goes to show that there is in some groups a progressive loss in size of the

adambulacralia which disguises their original cover-plate form. This evidence

might lead one to agree with Bather that Edrioastev and the Asterozoa descended'

from a common ancestor.

There is, however, a feature of the adambulacralia of the Asterozoa, namely,

the adoral tip, which requires further investigation, as it may have a distinctive

value. It has been noticed for Hudsonaster and Urasterella by Hudson (93, 98).

In my account of the Urasterellidae (see p. 133) I assumed that the tip arose

because of the extra muscular power given to the adambulacral muscles. I find

that the tip is exceedingly common in the Asterozoa. It may be seen in the

recent Archaster (Text-fig. 125), in Schuchertia (Text-fig. 124), and in many other

species. I have looked through Bather's descriptions to see if there is a similar

appearance in the Edrioasteroidea, and find that in the description of Edrioaster

bigsbyi (89, p. 1(52) he states that " the cover-plates abut closely, in tesselate

fashion, when closed in the normal position over the radial groove. When pressed

inwards, however, as in B, they have sometimes been made to imbricate with

adoral overlap. This suggests a possibility of the converse action, namely, that

in life they may have assumed a similar imbricate arrangement when they opened

outwards, thus forming a slight gap between adjacent plates." The point is an

interesting one, and would repay further investigation.

So far we have dealt with the ambulacralia and adambulacralia as flooring- and

covering-plates of the groove. It now remains to consider them as "bones" to

which are attached the muscles concerned in arm-movement.

The arm-movements are of two kinds—(1) flexion downwards or upwards in a

vertical plane
; (2) lateral flexion. In the recent Asteroidea these movements are

25
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relatively slow and deliberate, while in the Ophiuroidea they are rapid and jerky.

Distinct methods of moving the " bones " are used in each case. Ventral flexion,

in the Asteroidea, is brought about by simultaneous contraction on both sides of

the arm of the longitudinal muscles between the adambulacralia. Muscles which

act counter to these are (a) a band running along the dorsal wall of the ccelom to

the point of the arm (MacBride, 43, p. 435) ;
(l>) dorsal longitudinal muscles

attached to the apical faces of the ambulacralia (Text-fig. 128, p. 188). Lateral

flexion is brought about by the simultaneous contraction, on one side of the arm

only, of the adambulacral and " b " muscles mentioned above. In the recent

Ophiuroidea the adambulacralia (side plates) have no muscles between them, and

there is no ccelomic band. The whole of the movements are brought about by

the "b" muscles andj a new set of muscles (the longitudinal ventral muscles,

A TTl.

Ap. PL

Tbxt-fig. 12G.—Wash drawing of a portion of the apical surface of Schuchertia laxata (?), showing exposed
ambulacralia. Am., ambulacral ; Ap. PI., apical plates, x 20.

Text-fig. 13, p. 10). The arrangement allows of independent movement of each

"vertebral" sector, and as every sector has its own ganglionic swelling (MacBride,

43, p. 488) quick active movement is to be expected.

There are two points of interest in the evolutionary moulding of the vertebra?

—(1) the development of the efficiency of the muscular action
; (2) the parallel

changes due to the fact that both the Asteroid ambulacral and the Ophiuroid

vertebra have one set of muscles in common, namely, the " b " muscles. The

fossil material allows us to follow these changes.

In the most primitive forms known, e. g. 8. la.rata (Text-fig. 120) or

Hudsonaster (Protopalseaster) narrawayi (Text-fig. li>, p. 21), the ambulacralia are

closely touching bars of calcite—that is, mere flooring-plates. The longitudinal

adambulacral muscles were present, but the only muscle which could have been

counter to this must have been that running in the body-wall, of which we can

have now no trace.

8. wenlocki (Text-fig. 127) shows the beginnings of the development of the
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" b " muscles. The excavations for these are at the outer ends of the calcite

bars, that is at the points of greatest power for lateral flexion. Between the

excavations and the radial line the bars are in contact, and any lateral flexions will

naturally cause the surfaces of contact to rub against each other. The greatest

rub will be just at the angle on the inner side of the muscle-excavations, for this

will be the fulcrum of the lever movements. Here we get a forwardly projecting

peg (Ar. in figure). It is at this point that the dorsal ball and socket of the

Ophiuroid vertebra develop just as the ventral ball and socket develop in relation

to the overlap of the oral surface of this same bar (see p. 182). We find a similar

development of the apical surfaces of the ambulacralia in the Platanasteridse. In

A

Ar.

Am.

DIM.
Text-fig. 127.—Wash drawing of the apical surface of the proximal ambulacralia and neighbouring plates

of Schuchertia icenlocH. A., ascending process of the mouth-angle plate; Ad., adambulacral ; Am.,
ambulacral ; Ar., forwardly projecting peg; D.L.M., position of dorsal longitudinal nruscle ; I.M., infero-

marginal. x 12.

the Ordovician representative the bars are closely touching (Text-fig. 120,

p. 175); in the later Devonian species excavations and pegs arise (Text-fig. 122,

p. 177).

Stellaster equestris may be taken as a recent Asteroid to show similar

phenomena. Text-fig. 128 gives an appearance which we shall see in many

Ophiuroidea. The "b" muscles are well developed. The proximal excavation for

these muscles is situate upon a raised tongue, which projects forwards and over-

hangs the backwardly sloping distal excavation. The raising of the surface of the

calcite into a tongue causes the formation of a median groove running across the

ossicle. The slant causes the ossicles to overlap, as Viguier has remarked (100,

p. 53), " just as tiles on a roof." The surfaces of contact are shaped much as in

Schuchertia, with a forwardly projecting point (Ar.). A profile view (Text-fig.

129) shows that at the outer side of the surfaces of contact there are wearing

surfaces (analogues of the ball and socket of the Ophiuroidea) not hitherto noticed.
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As a result of these and similar observations I think that it will be possible to

show that the shapes of the ambulacral ossicles are moulded by the stresses set up

by muscular action.

The Mouth-Frame.—I think that it is also clear that the differences in the

mouth-frames in the various Asterozoa are expressions of different habits. In

order to show this it is necessary to supplement the accounts already given in the

Introductory Section of this monograph. Viguier's description of the mouth-

128

P.

R.
At.

129

R

H, M;

D.

M.

*

Text-fig. 128.—Apical view of the central region of the ambulacralia of Slel/aster equestris. (The outer
portions of the ossicles are shown by dotted lines—compare Text-fig. 6, p. 13.) Jr., angle at line of contact
of two ambulacralia ; D., distal direction ; H., hollow in which is inserted proximal end of a dorsal longi-

tudinal muscle ; M., hollow for dorsal transverse muscle ; P., proximal direction ; R., ridge below which
is inserted distal end of a dorsal longitudinal muscle, x 12.

Text-fig. 129.—Aboral profile view of an ambulacral of Stellaster equestris. Lettering as in Text-fig. 121.

*, wearing surface, x 20.

frame in the recent Asteroidea is classical (100). The following revision is in

accordance with somewhat fuller knowledge.

We can conveniently divide the description into two parts : (a) The morpho-

logical constitution
;

(b) the disposition of the soft parts and the functional

activities of the structures.

(a) The Morphological Constitutor.

The mouth-frame is composed of twenty elements, ten of which are radial (the

first ambulacralia) and ten are interradial (the mouth-angle plates). All these

are intimately connected to make a firm skeleton. Viguier in his description lays
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emphasis on the fusion of a radial element with its interradial neighbour. The

two together he names a " machoire." The right-hand portion of Scheme D of

Viguier, reproduced here as Text-fig. 130, gives a side view of the " machoire."

The shading which I have added to the original figure makes the double origin of

-BMP
Text-fig. 130.—Scheme D of Viguier. Lettering as in Text-fig.' 131. The " r»acAuircs " are seen both in front

(adoral) and side view.

the structure more distinct. The lower unshaded portion is the mouth-angle

plate; the upper shaded portion is the first ambulacral. Usually the division

between these two ossicles cannot be distinguished without maceration in potash,

Atti.i.

V. I.muse-

R.M;

Pr.M.R
TIT.

B.M.R

Text-fig. 131.—Adoral view of an angle of the mouth-frame of Culcita. Am. 1, first ambulacral ; Ap., apo-

physis ; B.M.P., base of mouth-angle plate; In.M., interradial muscle; n.r., groove for nerve-ring;
Pr.M.P., ascending branch of mouth-angle plate ; R.M., radial muscle (muscle abductor des dents) ;

J'.T.musc, ventral transverse muscle of first ambulacral ; w.v.r., groove for water-vascular ring, x 3^.

although occasionally the shrinkage in a dried specimen may make this unnecessary.

Viguier's diagram is based on a study of Pentaceros. In order to show the details

more clearly I am adding a wash drawing, similarly oriented, of Culcita.

Viguier, for descriptive purposes, recognised two regions of the mouth-angle
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plate (" la dent'') ; the one, a wedge, which projects into the interior of the mouth

("la dent proprement dite ") ; the other ("la branche montante "), a limb which

projects upwards to unite with the first ambulacral. On this ascending limb is

a wing-shaped apophysis which has two faces separated by a swollen ridge carrying

important muscles, which will be described later. The first ambulacral is thickened

on its proximal surface, and the thickened portion meets the ascending limb. The

distal half of the ambulacral sends down a slender pillar on to the body of the

mouth-angle plate. Between the pillar and the ascending limb is a long slit for

the passage of the ampulla of the first tube-foot. Ludwig, contemporaneously

Text-fig. 132.—Arrangement of the ossicles of the groove and mouth-region of a very young Asteroid

(after Ludwig). Ad.
x , first adambulacral; Ad.v second adambulacral ; Am.

x,
first ambulacral; Am.,,

second ambulacral
;
Am.3, third ambulacral ; F. u opening for ampulla of first tube-foot : F.», opening for

ampulla of second tube-foot ; M.P., mouth-angle plate ; 0., odontophor ; T., terminal, x 170.

with Viguier, published a description of the mouth-frame which, on account of the

reputation of the author, has achieved wide publicity. He regarded the ascending

limb with the thickened portion of the first ambulacral—-that is, the calcite bar in

front of the first ampullal pore—as a separate ossicle, " the real first ambulacral."

This allowed him to consider the mouth-angle plates as being the adambulacralia

corresponding to his real first ambulacral, otherwise it was necessary to regard the

mouth-angle plates as plates distinct from any other in the ambulacral groove.

Thus, according to Ludwig, the mouth-frame was merely the modified proximal

portion of the ossicles of the grooves. All later workers have omitted to notice

that Ludwig himself withdrew this interpretation. So long ago as 1897 Ludwig
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published the figure reproduced here as Text-fig. 1.32, stated that he had been

mistaken in his opposition to Viguier, and that he would write further upon the

point (101, p. 469). The figure shows clearly that there is no first ambulacral

proximal to the first ampullal pore. Unfortunately even now the morphological

constitution of the mouth-frame of all fossil Asterozoa is not certain. Urasterella

and its allies (Text-fig. 87, p. 134) have a mouth-angle plate which may well be a

modified first adambulacral. Further research is necessary before all points can be

cleared up. The position is, however, quite clear in the forms leading to the

M.

Text-fig. 133.

—

A doral view of month-frame of Stellasier equestris. Am!., first ambulacral ; Ap., apophysis;
F.,, passage for ampulla of first tube-foot ; M., hollow for dorsal transverse muscle; M.P., mouth-angle
plate ; O., odontophor ; Sp., mouth-spine

;
n.r. and w.v.r., as in Text-fig. 131.

Ophiuroidea. Here the mouth-frame has essentially the same structure as that

described by Viguier.

(b) The Disposition of the Soft Parts and the Functional Activities of the Structures.

We can follow this evolution the more clearly if we learn to recognise the

various grooves and excavations which show the disposition of the soft parts.

The mouth-frame always carries the water-vascular ring-canal and the nerve-ring.

The first-named is carried in a groove above the apophysis partially situate

upon the ascending limb and partially upon the inner (adradial) side of the

thickened portion of the first ambulacral. The groove for the nerve-ring, as

Dr. Gemmill has pointed out to me, is that below (on the adoral side of) the same

apophysis. It follows from this that the area between the two grooves is one

which we can mark down whether the apophysis is prominent or not, and we shall

see that the presence or absence of prominent apophyses will throw considerable
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plate (" la dent") ; the one, a wedge, which projects into the interior of the mouth

(" la dent proprement dite ") ; the other (" la branche raontante "), a limb which

projects upwards to unite with the first ambulacral. On this ascending limb is

a wing-shaped apophysis which has two faces separated by a swollen ridge carrying

important muscles, which will be described later. The first ambulacral is thickened

on its proximal surface, and the thickened portion meets the ascending limb. The

distal half of the ambulacral sends down a slender pillar on to the body of the

mouth-angle plate. Between the pillar and the ascending limb is a long slit for

the passage of the ampulla of the first tube-foot. Ludwig, contemporaneously

Text-fig. 132.—Arrangement of the ossicles of the groove and mouth-region of a very young Asteroid
(after Ludwig). Ad.u first adambulacral ; Ad.^. second adambulacral; Am.

x , first ambulacral; Am.^,
second ambulacral ; Am.3, third ambulacral ; F.h opening for ampulla of first tube-foot : F.a , opening for

ampulla of second tube-foot ; M.P., mouth-angle plate ; O., odontophor ; J1

., terminal, x 170.

with Viguier, published a description of the mouth-frame which, on account of the

reputation of the author, has achieved wide publicity. He regarded the ascending-

limb with the thickened portion of the first ambulacral—that is, the calcite bar in

front of the first ampullal pore—as a separate ossicle, " the real first ambulacral."

This allowed him to consider the mouth-angle plates as being the adambulacralia

corresponding to his real first ambulacral, otherwise it was necessary to regard the

mouth-angle plates as plates distinct from any other in the ambulacral groove.

Thus, according to Ludwig, the mouth-frame was merely the modified proximal

portion of the ossicles of the grooves. All later workers have omitted to notice

that Ludwig himself withdrew this interpretation. So long ago as 1897 Ludwig
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published the figure reproduced here as Text-fig. 132, stated that he had been

mistaken in his opposition to Viguier, and that he would write further upon the

point (101, p. 469). The figure shows clearly that there is no first arabulacral

proximal to the first ampulla! pore. Unfortunately even now the morphological

constitution of the mouth-frame of all fossil Asterozoa is not certain. JJrasterella

and its allies (Text-fig. 87, p. 134) have a mouth-angle plate which may well be a

modified first adambulacral. Further research is necessary before all points can be

cleared up. The position is, however, quite clear in the forms leading to the

M.

Text-pig. 133.—A doral view of mouth-frame of Stellaster equestris. Am., first ambulacral ; Ap., apophysis;
F.

x , passage for ampulla of first tube-foot ; M., hollow for dorsal transverse muscle; 31. P., mouth-angle
plate ; O., odontophor ; Sp., mouth-spine ; n.r. and w.v.r., as in Text-fig. 131.

Ophiuroidea. Here the mouth-frame has essentially the same structure as that

described by Viguier.

(b) The Disposition of the Soft Parts and the Functional Activities of the Structures.

We can follow this evolution the more clearly if we learn to recognise the

various grooves and excavations which show the disposition of the soft parts.

The mouth-frame always carries the water-vascular ring-canal and the nerve-ring.

The first-named is carried in a groove above the apophysis partially situate

upon the ascending limb and partially upon the inner (adradial) side of the

thickened portion of the first ambulacral. The groove for the nerve-ring, as

Dr. Gemmill has pointed out to me, is that below (on the adoral side of) the same

apophysis. It follows from this that the area between the two grooves is one

which we can mark down whether the apophysis is prominent or not, and we shall

see that the presence or absence of prominent apophyses will throw considerable
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light on the habits of the various forms. In the starfish with adambulacral mouth-

frames—that is, with the mouth-angle plates as prominent wedges—the apophyses

are well developed. Their adradial faces carry the so-called " abductor muscles"

which pull the teeth of the same pair apart ; their abradial faces carry the

adductor muscles which pull the teeth of the same pair together. Viguier points

out that, in reality, the function of these muscles is the same, and that their

simultaneous contraction, as a ring of ten muscles round the mouth, tends to close

that opening. The same author shows that counter-action to these muscles is

afforded by the odontophor. When the abductor and adductor muscles contract

and so pull forward the mouth-angle plates, they must also pull forward the first

ambulacralia, for these are all rigidly united (see above, p. 189). The forward

oscillatory movement is communicated to the odontophor, which has wings fitting

within and firmly united to the walls of the first ampullal pore. The distal end of

the odontophor is attached to the firm wall of the oral interbrachial region. Thus

the forward pull of the mouth-muscles is opposed by the strain upon the attach-

ments of the odontophor to the interbrachial wall, and any relaxation of the

mouth-musculature will cause the mouth-frame to spring back into place. The

position and shape of the odontophor are shown in PI. I, fig. 1, and in Text-fig. 133.

It follows from this that we should expect a relationship between the strength of the

mouth-musculature (conveniently judged from the size of the apophysis) and the

odontophor. This is also dealt with by Viguier (op. cit., pp. 76—80), who shows

that in the recent Asterias and its allies, where the apophyses are barely noticeable,

the odontophor is without its wings and has become of less functional importance.

Now to apply these observations to habit. Unfortunately not nearly so much

is known of the habits of recent Asteroidea as one woidd wish, but we must

presume that the prominent wedges of the mouth-angles of the recent Asteroidea

have function. MacBride (43, p. 469) points out that the recent Astropectens

swallow their prey whole, and " the unfortunate victims, once inside the stomach,

are compelled by suffocation to open sooner or later, when they are digested." The

opening and closing of the wedges is therefore an opening and closing of a trap-

door. Asterias, on the other hand, pulls open the bivalves (MacBride, op. cit.,

p. 440) and then everts its stomach. The food is digested while it is still outside

the mouth. The reduced wedges and permanently open mouth obviously allow

ready extrusion of the stomach.

The apophyses are barely noticeable in the Ophiuroid jaw. This is because

the mouth can be opened in another way. The development of the ambulacralia

into vertebrae allows the jaws " to be rotated downwards so as greatly to enlarge

the mouth, and again rotated upwards and inwards, when they form an excellent

strainer to prevent the entrance of coarse particles. To permit this extensive

movement the articulatory facets on the proximal surface of the first vertebra

have been much modified; the median knob and pit have disappeared, and the
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dorso-lateral pits are raised on to the surfaces of processes, so that there are in

all four processes, two of which articulate with one half of the jaw " (MacBride,

op. cit., p. 484). These movements are brought about by the intervertebral

muscles connecting the basal parts of the jaws (the part behind io.v.v. of PI. I,

.T.ur.V.

Text-fio. 134.—Longitudinal section through the disc of an Ophiuroid passing along one arm and the
middle of the opposite interradius (slightly modified from Ludwig). -4i-5 , ambulacrals ; Coe., crelom

;

D.musc,, " binding " interdental muscle ; D.musc.*, " thrusting " interdental muscle; P.
}
, first tube-foot;

F.
t , second tube-foot; M.A.P., mouth-angle plate; M.S., mouth-shield; n.g., groove for nerve-ring;

/•.«., radial nerve; r.m.v., radial water-vessel; T., torus; w.v.r., water-vascular ring; *, approximate
position of madreporic pore.

fig. 2) with the succeeding vertebrae. We can connect these movements with

the absence of the odontophor in the Ophiuroidea, for it is obvious that any

plate connected with the proximal vertebras and the floor of the disc would

impede the free up-and-down movement of the jaws. Another series of

movements of the jaws of the Ophiuroidea is brought about by the simultaneous

D.ITUISC.1.

D musc.2.
w. v.r.

'
Pr. MP

Text-fig. 135.—Wash drawing of interradial surface of mouth angle plate (that turned towards its

opposing pair) of Solaster pupposus. Ap., apophysis
; D.musc.u " binding " interdental muscle ; D.musc.%,

" thrusting " interdental muscle ; In.M., interradial muscle (muscle " adducteur des dents ") ; n.r., groove
for nerve-ring ; Pr. M. P., ascending limb of mouth-angle plate ; iv.v.r., groove for water-vascular ring, x 6.

contraction of five muscles, each of which unites the two halves of a jaw

(MacBride, op. cit.). By this means the mouth can be narrowed and the jaws

forced inwards. PL I, fig. 2, shows that the two forwardly projecting portions

of the jaws of the same interradius are not adjoining, as are the mouth-angle

plates of the Asteroidea, but form two sides of an acute-angled triangle. The

muscles in question form the base of this triangle and are the external interradial

26
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muscles of Ludwig (I). musc
2

of Text-fig. 134, p. 193). Contraction of these

muscles elongates the triangle, and as movement backwards is prevented by the

stiff mouth-frame, the jaws must move forward. There is a muscle at the apex

of each triangle. This is the interradial muscle of Ludwig, and obviously

serves to bind the jaws so that they do not split apart when the " thrusting

"

muscle is at work. In searching for the origin of these muscles I have been

led to the discovery of a similar apparatus in, at any rate, some Asteroidea.

It has been supposed that in the Asteroidea there is but one binding muscle

between the basal processes of the mouth-angle plates of the same interradius.

Text-fig. 135 shows that in Solaster there are two such muscles separated by

a ridge. The upper muscle of the figure corresponds to the internal interradial

muscle of the Ophiuroidea and is a " binding " muscle. The lower muscle is the

external interradial muscle of the Ophiuroidea and obviously has a " thrusting
"

function. In Solaster, however, the muscles are almost at right-angles to the

position in the Ophiuroidea—and the " jaw " triangle is not thrust so much

forwards as upwards away from the mouth-cavity.

Certain of the Palaeozoic Asterozoa show a considerable enlargement of the

internal muscle, suggesting that in some forms this muscle could contract and

move the mouth-parts by its own efforts. The wide gape between the mouth-

angle plates of Schuchertia and Pal'asterlna (see below) must have been occupied

by such a muscle. In these forms the position of the external and internal

muscles is intermediate between that occupied in Solaster and that iu recent

Ophiuroidea. The internal muscles would obviously act in the contrary way to

the external muscles—that is, they would separate the bases of contiguous

mouth-angle plates, shorten the " mouth-angle plate " triangle, and so tend to

make the mouth-aperture wider.

If we try, therefore, to follow the evolution of the movements of the

mouth -parts, we obtain a result somewhat as follows : The earliest mouth-frame

is somewhat loosely built, e. g. that of Platanaster. The chief movements are

brought about by the external and internal interradial muscles, which thrust the

angle-plates backwards or forwards. The movements are limited by the odon-

tophor. Later, both in the Asteroidea and the Ophiuroidea, the mouth-frame

became stiffened to help to sustain the backward thrust. The stiffening was

brought about by the enlargement of the apical portion of the first ambulacral, or

by the fusion of the proximal portions of the first few ambulacralia. The adductor,

muscles between the apophyses of the mouth-angle plates assisted the mouth-closure,

but it is probable that abductor muscles were absent. The earliest Ophiuroidea

opened and closed their mouth in this manner ; when later their ambulacralia

became modified into vertebras, freer movements were allowed by the rotation of

the jaws on the vertebral faces. The Asteroidea probably developed along two

lines. In one of these, that including Brisinga, the original movements persist ; the
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backward thrust is taken, however, by the mouth-frame rather than by the odon-

tophor. which seems to be of little importance. In the other line, which includes

Astropecten and Pentaceros, the main movements are brought about by the abductor

and adductor muscles working in combination with a wingedjodontophor as described

above. I hope in the near future to work out these points in greater detail.

XXJ.V.V.

MR"

Am.
Am.CK.

Text-fig. 136.—Wash drawing of a mouth-angle plate and first ambulacral of a recent Astropecten after the
form had been soaked in potash and the plates isolated. Lettering as in Text-fig. 137.

The question arises whether feeding habits do not give us a clue to the divergent

methods of development. The earliest Asterozoa probably lived by a combination

of ciliary feeding and podial feeding (see p. 12). Adaptations arose later in order

that advantage might be taken of the variety of food on the sea bottom.

137

n.r

M.P i u.vr.

D, muse

Ad-.--

138

.muse

-uj.v.r.

Am.CK. A-m.Ck

Text-fig. 137.—View of inside of the ambulacral groove in the mouth-region of a recent Astropecten. Ad.,

adambulacral ; Am.Ch., ambulacral channel; D.muse., interdental muscle; M.P., mouth-angle plate;
n.r., groove for nerve-ring ; w.v.r., groove for water-vascular ring.

Text-fig. 138.—View of inside of the ambulacral groove in the region of the mouth of Palasterina primseva.

Lettering as in Text-fig 137. x 18.

The Ophiuroidea probably arose in relation to a mud environment, for a mud-

eating habit would necessitate a large stomach to deal with the mass of material

required to give adequate nourishment. Professor MacBride tells me that the

downgrowth of the apical interradii is simply a provision to allow space for the



196 BRITISH PALAEOZOIC ASTEROZOA.

enlarged stomach. The Asteroidea have a relatively small stomach. The}- require

little bulk of food, but large digestive glands. It is possible that as these glands

are situate at the bases of the arms, the enlargement of the glands, due to a

perfection of the digestive apparatus, may have been a primary cause of the

approximation and final fusion of these arm bases. We know, e. g., that the

power of the digestive juices of Asterias is such that the lips of the everted

stomach can digest a lamellibranch on touch, and that it is not necessary for the

prey to be taken within the mouth-cavity (see p. 11). A further contributory

cause of the enlargement of the arms at the base is suggested by the following

remarks of Verrill (103, p. 32), who states in respect to the recent Asteriidae :

" Moreover, in most species, the rapid increase of the dorsal skeleton alone

apparently does not give sufficient space for the rapidly growing internal organs,

especially the reproductive organs, within the bases of the rays, and therefore new

rows of plates (figs, i, iii, iv) must be interpolated between the infero-marginals

and the adambulacrals, and sometimes between the upper and lower marginals, to

increase the diameter of the rays." In other words, mere increase in size of the

reproductive organs causes a widening, approximation, and possible final fusion of

the arm bases in the Asteroidea. Space for the reproductive organs is found, in the

Ophiuroidea, within the already enlarged interradial disc areas, as may be seen by

reference to Text-fig. 134, p. 193 (compare Text-fig. 214, p. 490, MacBride, 43).

It is clear from these considerations that a study of the mouth-frame of the

fossil Asterozoa may give one important clues as to habits, and I am giving there-

fore a series of oral views (Text-figs. 136—138) as standards for comparison.

The apical views figured on the previous pages are often difficult to obtain,

but the corresponding oral region usually can be exposed readily, even when it

lies at the bottom of a deep, narrow groove. Nearly all the fossil material is

preserved as moulds, and the gutta-percha casts can be bent whilst still warm and

the groove opened out. Maceration in potash will give corresponding views for

recent forms.

Text-figs. 136 and 137 were drawn from species of Astropecten after macera-

tion in potash. These figures show the junction of the ascending limb and the

first ambulacral very clearly. The important points to notice in the figures are

the position of the groove for the water-vascular ring (just at the junction of the

ascending limb and the first ambulacral) and the nerve-ring (just below the oral

surface of the mouth-angle plate). The area between the two grooves is that

occupied by the wing-shaped apophysis. A similar oriented view (Text-fig. 138)

of the Silurian form Palasterina primasva is given. The correspondence between

the recent and fossil forms in all essential details is very exact. The only

important difference is that no ambulacral pores are visible in Palasterina and the

ascending limb of the mouth-angle plate has not as yet become firmly ossified with

the first ambulacral.
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but neither of these differences appears to be of much importance, and the absence

of the tubercle is probably due to the imperfect state of preservation.

The species is characterised especially by the width of the fixed cheek at the eye

and the very strong emargination of the anterior border. In Gt. dim-fa the fixed

cheek is also wide, but not quite so wide as in this form, and moreover, the front

margin appears to be nearly straight.

Horizon and Localities.—Upper Lingula Flags: Moel Gron ; Malvern.

7. Ctenopyge directa, sp. nov. Plate X, fig. 11. ; Plate XI, fig. 1.

Only the cranidium is known; almost straight in front. Glabella slightly

tapering forwards, rounded in front, reaching the margin; anterior glabellar furrows

absent, posterior pair strongly marked, oblique, meeting across the middle line

;

neck-furrow well defined, somewhat shallower in the middle ; neck-segment with a

large median tubercle, probably the base of a spine. Eyes placed about half-way

between the anterior and posterior margins, distant from the glabella considerably

more than the width of the latter ; ocular ridge curved, almost at right angles to

the axis. Facial suture beginning a little to one side of the glabella, curving back-

wards and outwards to the eye, and behind the eye obliquely backwards and out-

wards to the posterior margin. Fixed cheeks at the eye about one and a quarter

times the width of the glabella, behind the eye about one and a half times the

width of the neck-ring; posterior margin fairly straight.

Dimensions.—Cranidium (Plate X, fig. 11) 4 mm. long, 9'4 mm. wide at

posterior margin.

The special features which distinguish this form from most of the other species of

the genus, are the greater width of the fixed cheek at the eye, and the curved ocular

ridge, which is more nearly at right angles to the axis than in any other British

Ctenopyge. except Gt. teretifrons. The width of the fixed cheek at the posterior

margin remains about the same as in Gt. bisulcata, Gt. falcifera and Gt. pecten, and

thus the posterior branch of the facial suture runs more directly backwards than in

those species.

From Gt. teretifrons it is distinguished by the straight front margin and the

more tapering glabella ; moreover, the fixed cheek is not quite so wide as in that

species and the posterior margin is straighter.

Horizon and Locality.—Upper Lingula Flags : Malvern ; Dolgelly.

Genus LEPTOPLASTUS, Angelin.

In Leptoplastus and Eurycare, as in Sphcerophthalmus and Ctenopyge, the genal

spines spring from the middle of the external margin of the cheeks. In the first

two, however, the pleurae end in short points ; in the last two, at least in the

13
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hinder part of the thorax, they are produced into long spines. In Leptoplastus the

number of thoracic segments is 12 (according to Angelin 11 or 12), in Eurycare it

is 12—17; while in Sphserophthalrnus and Gtenopyge there are apparently only 9

or 10.

Frequently the head alone is available, and in such cases it is sometimes very

difficult to determine to which of the two groups the specimen should be referred.

As a rule, however, in Leptoplastus and Eurycare the glabella is shorter and

more nearly square in outline, while in Sphaerophthalmus and Gtenopyge it is

somewhat more elongated and more rounded in front.

Leptoplastus differs from Eurycare chiefly in its proportions. In both genera

the head is wide in comparison with its length, but in Eurycare the width is greatly

exaggerated. The extra width lies mainly in the fixed cheeks, and consequently

in Eurycare the eyes are more remote from the glabella than in Leptoplastus. In

Eurycare, moreover, the genal spines are longer and the thoracic axis is narrower

relatively to the pleurae.

Accordingly the following are the principal distinguishing features of the genus

Leptoplastus :

As in the other members of the group the genal spines spring abruptly from the

middle of the external margin of the cheeks. The head is wide, but not so wide as

in Gtenopyge and Eurycare. The glabella is nearly square. The eyes are set

approximately in the middle of the cheeks. The fixed cheeks at the eye are

narrower than the glabella. The genal spines are short. The thorax consists of

twelve segments, the pleura? ending in short points. The tail is small, and its

margin is either entire or is furnished with rudimentary points.

1. Leptoplastus salteri (Callaway). Plate XT, figs. 2—5.

1874. Conocoryphe Salteri, Callaway, Quaint. Journ. Geol. Soc, vol. xxx, p. 196.

1877. Ohnus Salteri, Callaway, ibid., vol. xxxiii, p. (566, pi. xxiv, fig. 5.

1900. Olenus Mitch in no ni, H. H. Thomas, ibid., vol. lvi, p, 619, pi. xxxv, figs. 5 and 6.

1907. Leptoplastides Salteri, Raw, Rep. Brit. As^oc, 1907, p 513.

Head transverse, width more than twice the length, straight in front, with a

marginal rim and furrow. Glabella about four-fifths as wide as it is long, narrow-

ing slightly forwards, rounded in front; three pairs of oblique glabellar furrows, of

which the first is very short and often indistinct ; neck-furrow well-defined, neck-

segment with a median tubercle or spine. Eyes distant from the glabella, less than

half the width of the latter, nearer to the anterior than to the posterior margin ; a

faint ocular ridge, nearly at right angles to the axial line, running towards the

anterior angles of the glabella. Facial suture probably inframarginal in front,

crossing the margin a little outside the glabella, in front of the eye forming a

curve convex outwards, behind the eye running obliquely outwards to the posterior
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margin. Fixed cheeks less than the width of the glabella posteriorly, less than

half the width at the eye. Free cheeks marginate, with the genal spine springing

from the middle of the lateral margin ; in front of the spine the external margin,

forms a smooth curve, behind it an oblique straight line meeting the posterior

margin at an obtuse angle
;
genal spines short, directed outwards and backwards.

Thorax of twelve segments. Axis wider than the pleurae in the first few

segments, about the same width behind, with a iwv of median spines, commonly

represented by tubercles on the internal cast. Pleurae bent downwards about

half-way between the axial furrow and their terminations, deeply grooved, ending

in short curved points.

Tail small, broad, with a narrow raised margin. Axis wider than the lateral

lobes, ending bluntly at the posterior margin, divided into three distinct rings and

a terminal portion. Lateral lobes with two furrows on each side. Margin either

entire, or sometimes with a minute point at the antero-lateral angles.

Dimensions.—The most nearly perfect specimens that I have seen are only

6 or 7 mm. long; but more fragmentary specimens indicate a length of 15 mm.
Raw says that " the adult reaches a length apparently of 1| or 2^ in., but only

two specimens indicate such sizes."

Callaway observed the presence of median tubercles upon the thoracic

segments; but even these are not usually distinct except upon external moulds,

and internal casts often appear to be perfectly smooth. It is only in exceptional

circumstances, when the matrix has split along the median plane, that the spines

are clearly shown. They were first noticed by Thomas, who looked upon the

spiny form as a distinct species, which he called Olenvs mitehinsoni. It is evident,

however, from the specimen figured in Plate XI, fig. 5, and from other similar

specimens, that when the test wTas filled with sediment the spines usually remained

empty except at their bases. Either the spines were actually solid or the hollow

was too fine for the sediment to enter. Consequently, on internal casts there is no

indication of the spine except a small tubercle, while in external moulds the

impressions of the spines are generally conspicuous, though it is seldom clear that

they were anything more than tubercles.

Since the form described by Thomas cannot be considered distinct, Lejpto-

plastus Salteri is the only species of the genus known in Great Britain, and

accordingly the generic characters are sufficient to distinguish it from other

British trilobites. It presents, however, a close general resemblance to several

of the Scandinavian species of Leptoplastus. In L. stenotus, Ang., the axis of the

thorax is somewhat narrower proportionately, and it bears neither spines nor

tubercles ; according to Angelin the number of segments is eleven, but Persson 1

describes and figures twelve ; the tail is similar in shape to that of L. salteri, and

1 Geol. F6reii. Stockh. Forh., vol. xxvi (1904), p. 523, pi. ix, figs. 14—16.
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the margin generally appears to be entire (as described by Angelin), but Persson

states that in well-preserved specimens the constituent segments project slightly

at their terminations, forming small points
;

l the axis of the tail shows two

distinct rings besides the terminal portion.

In the width of the axis L. ovatus, Ang.,2 approaches the present species more

closely, and, moreover, its thorax bears a row of median tubercles ; but the

marginal teeth on the tail are more conspicuous. It may be remarked that in the

specimens figured by Holtedahl3 as L. ovatus, both the glabella and the thoracic

axis appear too narrow for Angelin's species. Holtedahl thinks that this may be

due to the fact that the axis is really highly convex, as in his specimens, but that

in the Swedish specimens, which are preserved in shale, it has been flattened,

and consequently widened, by pressure.

In L. raphidophorus, Aug., the axis bears a row of median tubercles, and in

one of the posterior segments the tubercle becomes a spine. This species,

however, has not yet been fully described or figured.

L. broggeri, Holtedahl,4
is distinguished from L. salteri mainly by the narrower

axis and the absence of median spines. The tail has a narrow marginal fold with

no trace of spines, and resembles that of L. salteri more closely than the tail of

any of the other species.

L. lotigdspinus, Holtedahl, 5
is too imperfectly known to permit of any useful

comparison.

None of the Scandinavian species appear to possess the row of median spines

characteristic of L. salteri. In L. raphidophorus a long spine springs from one of

the posterior thoracic segments—according to Angelin from the last but one—but

the remaining segments bear simple tubercles. In L. ovatus there are median

tubercles but no spines, Avhile in L. stenotus the axial rings are without even

tubercles. Nevertheless, considering how many specimens of L. salteri might be

examined without discovering any indication of spines, it would be unsafe to

assume that the Scandinavian forms bore none.

Raw has suggested that L. salteri should be taken as the type of a new

subgenus, which he calls Leytoplastidss and in which he includes the Acerocare

claadicans, A. norvegicum6 and A. paradoxum of Moberg and Moller. The head

1 In most of the specimens that I have myself examined the margin seems to be entire, but one or

two showed small points.

2 See Persson, loc. cit., p. 520, pi. ix, figs. 17—23.

3 See Norsk, geol. Tidsskr., vol. ii, no. 2 (1910), pi. i, figs. 4, 6, 7.

4 Ibid., p. 18, pi. iii, figs. 1—10.
5 Ibid., p. 11, pi. iii, figs. 12, 13, ? 14.

6 This is the name applied by Moberg and Moller to the specimen described by Brogger as

Cyclognath/U8 microjjygtts, Lnrsn., which they consider to be distinct from that species. I cannot for

my own part see any reason for placing it either in Leptojdastns or in Lejptoplastides. The eye is set

far forwards and close to the glabella, there are no genal spines, and the form of the free cheeks is

similar to that of Peltura and not to that of Leptoplastus.
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and thorax of L. salteri,he says, are very similar to those of Angelin's Leptoplastus,

" the tail, however, is quite different from that genus, being broader than long,

emarginate behind, and entire, as against triangular and toothed." It seems

doubtful, however, whether these differences can be considered of subgeneric

rank. In L. ovatus and L. raphidophorus the tail is triangular and toothed, but in

the type-species of the genus, which is L. stenotus, the tail is broader than long

and is not triangular, and the teeth are so minute that they are usually

indistinguishable.

Raw's observations, however, certainly suggest that the triangular toothed tail,

like that of L. ovatus, represents an early stage in the evolution of the genus.

According to him, young specimens of L. saltevi show this character, while in

later stages the tail becomes broader and loses its teeth.

Horizon and Locality.—Shineton Shales : Shineton.

Genus EURYCARE, Angelin.

As a rule Eurycare is easily distinguished from Sphaerophthalmus and Lepto-

plastus by the great width of the head, the length of the genal spines, the remote

position of the eyes, and the narrowness of the thoracic axis. Moreover, the

number of thoracic segments is 12— 1 7, while in Sphserophthalmus it is 7—9, and in

Leptoplastus 11—12. It is not always easy, however, to separate Eurycare from

Gtenopyge. In Eurycare the pleurae end in short points; in Ctenopyge the pleurae

of the posterior segments terminate in long geniculate spines, but those of the

anterior segments often end in points. The tail of Ctenopyge pecten is certainly

very different from that of Eurycare, but, as already noted (p. 79), it is by no

means clear that all the species referred to Gtenopyge possess tails of this type.

It is, however, when only the head is found that the greatest difficulty arises. In

both genera the head is very wide in proportion to its length, and the eyes are

more or less remote from the glabella. On the whole, these characters are most

strongly marked in Eurycare, but in some species, such as E. angustatum, Ang.,

this is not the case. In Eurycare the glabella is usually shorter in proportion to

its length than in Ctenopyge, and perhaps rather less rounded in front. In

Eurycare, in fact, the glabella approximates more nearly to a square, while in

Ctenopyge it is more cylindrical, tapering slightly forwards ; but the difference

is not very strongly marked in all species, and when only the cranidium is

available it is not always possible to decide the genus with certainty.

The more important characters of the genus may be summarised as follows

:

Head short, broad, with long genal spines springing abruptly from the external

margin
;
glabella short and more or less square in outline ; eyes small, about

half-way between the anterior and posterior margins, remote from the glabella,

with a long ocular ridge running towards the anterior angles of the glabella.
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Thorax of 12—17 segments, with a narrow axis, pleurae endiug in short points.

Tail triangular, with a toothed margin.

I. ? Eurycare, sp. Plate XI, figs. 6—8.

1864. Olenus (Sphaerophthalmus) flagellifer ?, Salter, Mem. Geol. Surv., Brit. Org. Rem., dec. xi, p. 3,

pi. viii, figs. 7, 8.

1866. Olenus (SphseropMhalmus) flagellifer?, Salter, Mem. Geol. Surv., vol. iii, p. 301, pi. v, figs. 8, 9.

From Carreg-wen, near Borth, a number of distorted specimens have been

obtained which appear to differ from any of the species above described, but which

are too imperfect to admit of satisfactory description. I refer them, with doubt,

to Eurycare, chiefly on account of the width of the cheeks and the squareness of

the glabella.

They are, for the most part, cranidia of rather large size. In shape they are

wide and short, straight or slightly einarginate in front. The glabella is almost

square, but with the front somewhat rounded ; two pairs of glabellar furrows

appear to have been present, though usually only the posterior pair is distinct
;

in most of the specimens the posterior furrows meet across the glabella, but this

seems to be the result of compression, for in one which is less flattened than the

rest they do not actually meet, but there is .a shallow depression connecting their

interior extremities. Neck-furrow well-defined, and on the neck-segment there

are indications of a median tubercle. Eye rather large, placed at a distance from

the glabella about equal to the width of the latter, and about half-way between the

anterior and posterior margins ; ocular ridge long and slightly inclined backwards.

Facial suture obscure, but appears to run backwards and outwards from the

anterior margin to the eye and then backwards and more strongly outwards to

the posterior margin. Fixed cheeks at the eye about equal to the glabella in

width, expanded behind. Free cheeks small.

Thorax with the axis considerably less than the pleura? in width.

Dimensions.—Before distortion, the width of the cranidium at the base was

probably about 8 mm., and its length about 3 mm.

Of the British forms the one which resembles this most closely is Ctenopyge

bisulcata, but both the whole cranidium and the glabella are considerably wider in

proportion to their length than in that species, and this does not seem to be due

entirely to distortion ; the fixed cheek is also wider and the ocular ridge is less

oblique.

Owing to the imperfect state of preservation, it is scarcely possible to compare

this form with the species of Eurycare which have already been described ; but on

the whole it seems to approach most nearly to I'J. <tii<jnxtati\m, Aug. 1 In the latter

1 Angelin, Pal. Scand., p. 48, pi. xx^i, fig. 5 ; Briigger, Die Silur. Etageu 2 und 3, p. 119, pi. xii,

figs. 3, 3a; Persson, Geol. Foren. Stockh. Fork, vol. xxvi (1904), p. 517, pi. ix, figs. 9—13.
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the glabella is very similar and the fixed cheek is about the same width, or perhaps

a little narrower, compared with the glabella.

Horizon and Localities.—Upper Lingula Flags: Carreg-wen, Borth, Portmadoc.

Genus PELTURA, Milne-Edwards.

The genus Peltura was separated by Milne-Edwards 1 from the Paradoxides

of Brongniart mainly on account of the character of the tail, which he describes

as " scutiform and well developed." The type-species is the TUntomostracites

scarabseoides of Wahlenberg. 2 Milne-Edwards' description, like Wahlenberg's

figure, was apparently based on specimens in which the free cheeks were missing,

and accordingly he states that eyes are absent, and in well-preserved specimens

the latero-posterior angles of the cephalic shield are prolonged into horns. He

also appears to exaggerate the size of the tail; but otherwise his description is

accurate.

The genus was subsequently more fully defined and more strictly limited by

Angelin. In his diagnosis the more prominent distinguishing characters are as

follows : Genal angles rounded, without spines
;
glabella broad, reaching nearly to

the anterior margin, glabellar furrows faint; eyes small, set far forwards and close

to the glabella ; thorax of twelve segments, axis wider than the pleurae, pleurae

pointed ; tail small, with a toothed margin.

There are, however, certain forms which do not completely agree with Angelin's

description, and which are yet very closely allied to Peltura scarabseoides. Thus

Brogger's Gyclognathus costatus in general resembles Peltura, but the glabellar

furrows are obsolete and the tail is entire. In Protopeltura acantkura, Broggeiy5

the cheeks bear short spines. Bnigger 4 accordingly was led to modify Angelin's

definition so as to include these forms, and he divides Peltura into Protopeltura

(with genal spines), Peltura proper (equivalent to Angelin's Peltura), and

Gyclognathus (with tail margin entire).

Angelin's genus Acerocare also resembles Peltura in many respects. The genal

angles are rounded, the eyes set near to the glabella, and in the type-species,

A. ecorne, the number of thoracic segments is twelve. But in A. ecorne, at least,

the eyes are not so far forwards as in Peltura, the thoracic axis is narrower, the

pleurae are not pointed, the tail is larger and has an entire margin.

1 Hist. nat. des Crustaccs, vol. iii, p. 344.

2 Under the name Peltura buchlandi, Milne-Edwards also included in the same genus the " trilobite

de Dudley " of Brongniart. This, however, is a Lichas which has since been fully described and

figured by Fletcher as Lichas bucklamdi, Quart. Journ. Geol. Soc, vol. vi (1850), p. 235, pi. xxvii,figs.

1— 5, and pi. xxvii bis. fig. 1.

3 According to Moberg and Mtiller (Geol. Ffiren. Stockh. Forh., vol. xx (1898), p. 265) this is

not, as Brogger supposed, the Olenus ? acanthurusoi Angelin. The latter, they state, is a Pardbolina,

4 Die Silur, Etagen 2 und 3, p, 105.
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Moberg and Moller 1 have described a number of species which the}' refer to

Acerocare. They recognise the affinities of the genus to Peltura and group the

two together under the name of Peltura sensu lato, but divide this into Pelturn

sensu stricto, with spines to the tail, and Acerocare, without spines or with only

rudimentary spines. According to them, the only practical difference between

Linnarsson's Cyclognathus and Acerocare lies in the size of the tail, and amongst

the new species which they describe there are intermediate forms. They, therefore,

include Cyclognathus in Acerocare.

There can be no doubt that all these forms are very nearly allied. In all of

them the eyes are set far forwards and near to the glabella, and in all the genal

angles are rounded and either without spines or with only short and slender points.

The whole series might very well be included under the name Peltura sensu lato,

but to subdivide it according to the presence or absence of spines to the tail does

not lead to a satisfactory grouping. According to the classification of Moberg and

Moller, Brogger's Cyclognathus costatus would fall under Acerocare ; but in the

width of the axis, the shape and length of the glabella, the forward position of

the eyes, the pointed ends of the pleurae, and even in the form of the tail, it is

much closer to Peltura scarabosoides than to Acerocare ecorne. In fact, the only

respect in which it resembles the latter moi-e closely is in the absence of .spines

to the tail. I therefore place this, and the other forms referred by Brogger to

Cyclognathus, in Peltura rather than in Acerocare. And 1 should prefer to

distinguish between Peltura and Acerocare as follows :

In Peltura the glabella is broad and reaches very nearly to the anterior margin,

in Acerocare it is somewhat narrower, and is separated from the anterior margin

by a distinct space. In Peltura the eyes are set farther forwards than in Acerocare.

In Peltura the thoracic axis is wider than the pleurae, and the pleurae are obliquely

truncate, but end in short points; in Acerocare the axis is narrower than the

pleurae, and the ends of the pleurae are usually blunt, but may end in short points.

In Peltura the tail is small, wider than long, with a broad axis terminating bluntly,

and the margin maybe either entire or spinose; in Acerocare the tail is larger,

and longer in proportion to its width, and the axis is narrower and more pointed.

To judge from the descriptions and figures given by Linnarsson and by Moberg

and Moller, the tail of Cyclognathus micropygit.s, Lnrsn., is distinctly different from

that of either Peltura or Acerocare. The axis is deeply divided, so that in Moberg

and Moller's figures it appears as a series of isolated rings, and it dies away

posteriorly without any definite termination. The lateral lobes are strongly bent

down, without spines or marginal fold, and are marked by a series of fine striations.

Acerocare granulatum, Moberg and Moller,'2 has a similar tail. In both these forms

1 Om Acerocarezonen : Geol. F6ren. Stockh. Forh., vol. xx (1898), p. li»7.

2 Lne. cit., p. 244, pi. xi, figs. 1-9, pi. xiv, figs. 1-5. S^e also Supplement till ' Om Acerocare-

zonen,' loc. cit., p. 315, pi. xvi, fig. 6. It should be observed that the specimens figured on pi. xiv as
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the eyes seem to be as far forward as in a typical Peltura, and in both the pleurae

are described as truncate. It might, perhaps, be well to retain the name Cyclo-

gnathus for these and similar species ; but the forms referred to Cyclognathus by

Brogger seem to be very distinctly different.

Practically, therefore, I adopt Brogger's definition of the genus Peltura, and

include in it the forms which he refers to the " subgenus Oyclognathus." But I

doubt whether these are really congeneric with Linnarsson's Cyclognathus mlcro-

pygus, and, provisionally, I look upon the latter as the type of a distinct genus.

The following are the more important characters of Peltura :

Head short, subreniform, convex, marginate ; exterior angles rounded (or some-

times with short spines). Glabella broad, subrectangular, convex, reaching very

nearly to the front margin
;
glabellar furrows rather weak, or obsolete. Eyes

small, set very close to the anterior angles of the glabella, with a short ocular

ridge. Facial sutures with the anterior branches short and converging forwards

in front of the eyes; the posterior branches long and leading from the eyes back-

wards and outwards to the posterior margin, which they cut near the rounded

posterior angles. Free cheeks crescentic. Thorax generally of twelve segments

;

axis as broad as the pleurae, or broader
;
pleurae grooved, obliquely truncate, but

produced into short points. Tail small, wide in proportion to its length, margin

armed with short spines or entire ; axis short, thick, ending bluntly, and usually

not quite reaching the posterior margin.

Triarthrus, Green, resembles Peltura in some respects. The genal angles in

most of the species are rounded, and the glabella and thoracic axis are both very

broad. But it appears to be sufficiently distinguished by the eyes, which are

larger and placed considerably farther back and farther from the glabella than in

Peltura

.

1. Peltura scarabaeoides (Wahlenberg). Plate XI, figs. 9—12.

1821. Entomostracites scarabieoides, Wahlenberg, Petrif. Tell. Suec, p. 41, pi. i, fig. 2.

1822. Paradoxides scarabieoides, Brongniart, Crust. Foss., p. 34, pi. iii, fig. 5.

1827. Olenus scarabieoides, Dalman, Om Pahead., p. 257.

1827. Trilobites scarabaeoides, Boeck, Laeren om Trilob., p. 36, pi., fig. 24 (teste Brogger).

1837. Olenus scarobseoides, Hisinger, Leth. Suec, p. 19, pi. iv, fig. 4.

1838. Trilobites scarabaeoides, Boeck, Keilhau's Gaea Norv., p. 144.

1840. Peltoura scaraboides, H. Milne-Edwards, Hist. nat. d. crust., vol. iii, p. 344.

1847. Peltura scarabieoides, Corda, Prodrom., p. 127, pi. vi, fig. 68.

1848. Olenus spinulosus ?, Phillips, Mem. G-eol. Surv., vol. ii, pt. i, p. 55, fig. 3, and p. 347.

1854. Peltura scarabaeoides, Angelin, Pal. Scand., p. 45, pi. xxv, fig. 8.

— Anopocare pusillum (pars), Angelin, Pal. Scand., p. 50, pi. xxvii, fig. la (teste Linnarsson).

A. granulatum, var., can scarcely belong to this genus. Westergard in his Dictyograptusskiffern

(Meddel. Lunds Greol. Fiiltklubb, ser. B, no. 4, p. 49) has doubtfully referred them to Bceckia, but

figs. 1 and 2 at least seem to belong to Sphaerophthalmus or Ctenopyge,

14
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1857. Peltura scarabivoid.es, Kjerulf, Geol. d. siidl. Norw., p. 284.

1864. Olenus scarabieoides, var. obesus, Salter, Brit. Organ. Rem., dec. xi, p. 5, pi. viii. figs. 1—4.

1865. Peltura scarabieoides, Kjerulf, Veiviser ved geol. excurs., p. 2.

1866. Olenus scarabieoides, Salter, Mem. Geol. Suiv., vol. iii, p. 301, pi. v, figs. 2—5.

1871. Conocephalus Malvernius, Phillips, Geol. of Oxford, p. 68, fig. 5.

— Olenus scarabieoides, Phillips, Geol. of Oxford, p. 68, fig. 6.

1880. Peltura scarabieoides, Linnarsson, Geol. Foren. Stock. F(irh., vol. v, p. 134, pi. v, figs. 1—5.

1882. Peltura scarabieoides, Brogger, Die Silur. Etagen 2 und 3, p. 107, pi. i, figs. 7—9 ; var. acutidens,

p. 108, pi. ii, fig. 9.; form, tyjnca, p. 108, pi. ii, fig. 12.

1892. Peltura scarabieoides, Matthew, Trans. Roy. Soc. Canada, vol. ix (1891), Sect, iv, p. 53, pi. xiii,

figs. 9a, b.

Head about twice as broad as it is long, with a narrow raised border and

rounded genal angles. Glabella straight-sided, narrowing slightly forwards, some-

what rounded in front, reaching the anterior raised border ; two pairs of oblique

glabellar furrows ; neck-furrow well defined ; neck-segment obscurely divided into

three parts by oblique furrows running from the middle of the neck-furrow to the

posterior lateral angles of the segment, with indications of a median tubercle.

Eyes small, placed far forwards and close to the anterior end of the glabella.

Facial suture apparently marginal in front, running outwards from the anterior

margin to the eye and thence outwards to the posterior lateral angle. Fixed

cheeks, triangular, narrow, at their posterior margin about half the width of the

neck-segment. Free cheeks crescentie, with a raised margin which is prolonged

into a horn in front of the glabella.

Thorax of twelve segments. Axis wide, nearly twice the width of the pleura?

in front, tapering rapidly behind, where its width is but little more than that of

the pleurae ; with a row of median tubercles. Pleurae of the anterior segments

very short, longer towards the middle of the body, decreasing again posteriorly;

fulcrum placed very near the axis ; all the pleurae bent slightly downwards, and in

the posterior segments backwards, at the fulcrum, with a dee]) oblique groove;

obliquely truncate, but terminating in short points, which, except in the first two

or three segments, are directed backwards.

Tail small, roughly semicircular in general outline, but provided on the margin

with three short points on each side. Axis forming about a third of the total

width, ending bluntly a little before the margin, divided into two distinct rings

and a terminal portion. Lateral lobes with one well-marked furrow on each side,

and probably a second shorter one.

Dimensions.—Fifteen to 20 mm. appears to be an average length, but much

smaller and much larger specimens occur. A glabella in the Belt Collection is

about 14 mm. long, indicating a total length of more than 40 mm.

Owing to the pressure to which they have been subjected our British specimens

are usually flattened and do not show the marked convexity which is characteristic
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of the species. This is particularly the case with those from the Malvern Hills,

which are, moreover, usually smaller than the Scandinavian specimens. Salter,

indeed, supposed at one time that the British specimens constituted at least a

distinct variety, which he called var. obesus ; but in the Survey Memoir on North

Wales he appears to have given up this distinction. Our British specimens,

indeed, are not sufficiently well preserved to admit of minute differentiation.

As a rale, there is very little difficulty in recognising the genus, even when the

remains are very fragmentary. The width of the glabella and the forward position

of the eyes are usually sufficient to distinguish the head, while the thorax is

characterised by the breadth of the axis and the form of the pleune. The present

species is distinguished from V. punctata by the rounded anterior angles of the

glabella, the absence of punctations in the marginal furrow, the wider free checks,

and the presence of well-marked teeth on the margin of the tail. Of these characters

the most reliable in the case of imperfectly-preserved specimens is the shape of the

glabella.

Horizon and Localities.—Upper Lingula Flags: Malvern; Portmadoc ; Moel

Gron ; Rhiwfelyn ; YrOrsedd; Arenig ; Aran.

2. Peltura punctata, Crosfield and Skeat. Plate XI, fig. 13; Plate XII, figs.

—6.

1896. Peltura punctata , Crosfield and Skeat, Quart. Journ. Geol. Soc, vol. Hi, p. 535, pi. xxvi, figs.

1—10.

Head rather more than a semicircle, with rounded genal angles, width about

four-thirds the length, surrounded by a narrow raised rim and furrow, with

a row of small punctations in the furrow in front of the glabella. Glabella

large, forming nearly one-half the total width, quadrate, nearly parallel-sided but

with the anterior angles somewhat expanded, truncate in front, reaching the

marginal furrow; two pairs of oblique glabellar furrows; neck-furrow well

defined. Eye small, placed far forward and very near the anterior angle of the

glabella ; ocular ridge faintly indicated. Facial suture apparently marginal in

front, running backwards from the anterior margin to the eye, and thence in a

gentle curve to the genal angle. Cheeks gently convex, sloping downwards from

the axial furrow ; fixed cheeks triangular, at the base rather less than half the

width of the glabella ; free cheeks very narrow, crescentic, with the margin pro-

longed as a horn in front of the glabella.

Thorax of twelve segments. Axis considerably wider than the pleurae, occasion-

ally with traces of median tubercles on some of the segments. Pleura? bent down-

wards at the fulcrum, which is placed about a quarter of the way out, deeply

grooved, with a large articular facet; terminations with their front border

obliquely rounded off, but ending in short points.
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Tail small, semicircular, with an entire margin. Axis forming more than one-

third the total width, ending bluntly, divided into three rings and a terminal

portion. Lateral lobes with three fairly strong furrows, with a fine interlineation

between the first and second.

Dimensions.—The specimen shown in Plate XII, fig. 1, which may be considered

of normal size, is 24 mm. long. The large glabella in Plate XII, fig 2, indicates a

total length of 37 mm.

None of the specimens that I have seen show the tail perfectly, and I do not

feel sure that the margin is entire. The possibility of the presence of small points

is not altogether excluded. A feature that is worthy of note is, that the pleura? of

the first segment of the tail show a tendency to become more or less detached from

the rest.

The principal characters by which the authors of this species distinguish it from

Peltura scarabatoides are the parallel-sided glabella, the very narrow free cheeks,

the punctations in the marginal furrow in front of the glabella, the entire tail, and

the form of the pleura?. As remarked above, it is not quite clear that the tail is

entire, and, in any case, it is usually very difficult to be certain on this point. The

punctations, too, are by no means always distinct. But the shape of the glabella

is usually clearly shown. The anterior angles are, as it were, somewhat pulled out

like the corners of a sack or cushion. In P. scarah&oides, on the other hand, the

glabella narrows slightly forwards and the anterior angles are rounded off.

The body as a whole and the axis (including the glabella) in particular, are

less convex than in Swedish specimens of P. scarabseoides ; but this may be due

to pressure. The Malvern specimens of P. searabae.oides are quite as flat as

P. punctata.

Raw 1 considers this species to be very closely allied to Triarthrus shinetonensis,

and is inclined to regard the two as forming a special section of the genus

Triarthrus. But in the number of thoracic segments and in the small size and

very forward position of the eyes, P. 'punctata is a typical Peltura and differs

altogether from Triarthrus.

Horizon and Localities.—Tremadoc : Nant-y-caws, Nant-y-glasdwr, Nant-cwm-

ffrwd, and other localities near Carmarthen; Cwm-du, Llanarthney.

3. Peltura olenoides (Salter). Plate XII, figs. 4, 5.

1866. Conocoryphe ! olenoides, Salter, Mem. Geol. Surv., vol. iii, p. 308, pi. viii, fig. 6.

Head subreniforu. Glabella convex, forming about half the total width of the

head, nearly parallel-sided, rounded in front, reaching the anterior margin;

neck-furrow rather broad and shallow, arched forwards in the middle line ; no

indications of lateral glabellar furrows. Eye small, placed very far forwards and

1 Rep. Bnt, Assoc , 1907, p. 512.
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close to the anterior end of the glabella. Facial suture running backwards

and slightly outwards from the anterior margin to the eye and thence in a gently

sigmoidal curve to the posterior lateral angle. Fixed cheeks triangular, about

half the width of the glabella at the base, sloping gently downwards from the

axial furrows. Free cheeks crescentic, narrow, with a narrow raised marginal

rim separated by a marginal furrow.

Thorax consisting of 11 (?) segments, widest about the sixth segment. Axis

nearly twice as wide as the pleurae in front, tapering rapidly in the hinder part

of the thorax, where its width is but little greater than that of the pleura.

Pleuras very short in front, attaining their greatest length about the middle of

the body ; fulcrum placed very near the axis, deeply grooved, obliquely truncate

but terminating in short points.

Tail obscure, but appears to form a small arc of a circle, with a wide axis,

and a distinct marginal limb defined by a marginal furrow.

Dimensions.—Mr. Williams' specimen, allowing for the missing part of the

tail, must have been about 16 mm. long. The type-specimen belongs to an

individual about twice as long.

This species was founded by Salter on an imperfectly preserved head. It

clearly belongs to Peltura, but is at once distinguished from the other British

forms of the genus by the absence of any trace of glabellar furrows. The shallow

neck-furrow arching forwards in the middle also appears to be characteristic.

It should be remarked that this furrow may not be homologous with the true

neck-furrow, but more probably represents the curving groove which in many

trilobites, including Peltura itself, divides the neck-segment into a central posterior

portion and an anterior lateral lobe on each side.

Mr. Williams' more nearly complete specimen (Plate XII, fig. 5) comes from the

same horizon and locality as Salter's, and there can be little doubt that it belongs

to this species. It shows the same shallow neck-furrow arching forwards in the

middle line. Unfortunately it is much distorted, and it is not certain where the

thorax ends and the tail begins. But the presence at the hinder end of the

specimen of what seems to be clearly the marginal limb of the tail, indicates that

there are not more than eleven segments in the thorax. It is even possible

that the eleventh segment may belong to the tail.

Probably the nearest ally is Brogger's " Cyclognathus " costatus, 1 in which the

glabellar furrows are obsolete and the tail is entire with a well-defined marginal

limb. So far as it is possible to judge, the proportions are approximately the

same, and it is impossible to point to any definite difference between the two

forms. But the very imperfect condition of our specimens prevents detailed

comparison.

1 Die Silur. Etagen 2 und 3, p. 110, pi. i, figs. 5 a—d ;
pi. ii, figs. 10, 11.
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The figure accompanying Salter's description is a restoration, and is evidently

based upon a misapprehension of the specimen. It does not even correspond

with the description. Apparently the artist thought that the whole of the

glabella was exposed; and consequently he represents it as clavate in form,

narrow at the neck-segment and expanded in front. In the actual specimen the

neck-furrow arches forwards from the left axial furrow, and at the right-hand

edge of the specimen it has only just begun to curve back to the right axial

furrow. It is clear in fact that not much more than half of the basal portion of

the glabella is visible ; and if the remaining part is restored, as shown in outline

• in Plate XII, fig. 4, there is little, if any, increase in width towards the front.

The figure is also inaccurate in other respects. It leaves a wide space between

the end of the glabella and the front margin, while Salter states that the glabella

all but reaches the front margin. The eye is represented as in the middle of the

cheek, whereas, in fact, it is very close to the anterior end of the glabella. Salter

himself says that it is near the glabella.

Owing to the evident imperfection of the figure and description, neither

Brogger 1 nor Reed2 expresses any decided view as to the generic position of the

species. Brogger suggests that it may be allied to Gyclognathus, and Reed says

that it must be removed from Conocoryphe and placed in the Olenidae.

Horizon ami Locality.—Upper Tremadoc : Garth, Minffordd, near Portmadoc.

Genus BELTELLA, novum.

The three species next described are very closely allied to one another.

There are, indeed, considerable differences in the form of the glabella, but for the

reasons explained in the account of Deltella uerisimilis I believe that some of

these differences are sexual and not specific.

They were ascribed by Belt and Salter, with more or less hesitation, to

Conocoryphe; but Belt clearly recognised that these Lingula Flag and Tremadoc

forms are distinct from the true Gonocoryphe of the lower part of the Cambrian,

and he looked upon them as definitely belonging to the Olenida?.

In their general characters they approximate most closely to Olenux, in the

wider sense of the name, but they do not fall under any of the recognised

genera or sub-genera into which (Hen us sensu lato has been divided; and in

some characters they approach the Conocephalida3. I have accordingly, with

some reluctance, placed them together under the new generic name Beltella.

Most of the specimens are flattened, but it is probable that originally the whole

animal was decidedly convex. The head is more or less semicircular in form, with

1 Verb. d. Euloma-Niobe-Fnunn,, Nyt Mag. f. Naturv., vol. xxxvi (1897), p. 203; separate copies

(1896), p. 40.

2 Geol. Mag. [4], vol. vii (1900), p. 255.
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a rather broad margin, produced into genal spines. The glabella is quadrate or

conical, truncate or rounded in front, separated from the marginal furrow by a

frontal limb as wide as, or wider than, the margin. It is probable that the outer

surface of the test of the glabella was almost devoid of furrows ; but internal casts

usually show two pairs, the posterior pair being very oblique and nearly reaching

the neck-furrow. The facial suture starts at the outer edge of the anterior

margin, close to the middle line, and runs very obliquely outwards across the

margin ; from the inner edge of the margin it turns inwards to the eye and thence

outwards to the posterior margin, which it cuts well within the genal angle. The

thorax, so far as is known, consists of twelve segments ; all the pleurae, even those

of the hinder end of the body, have the outer part bent down and faceted ; in the

anterior segments the terminations appear to be rounded or bluntly pointed, in

the later segments they are falcate or spined. In front the axis is as wide as, or

wider than, the pleurae ; but posteriorly it becomes narrower than the pleurae.

The tail is small and entire.

Many of these characters are to be found in Devine's Olenus? logani1 (for which

he suggested the generic name Loganellus) and also in Cr&picephalus (Loganellus)

haguei, Hall and Whitfield. 2 The general shape is similar, the number of thoracic

segments is the same and the pleurae are of the same type, and the facial suture

runs outwards in front of the eye as well as behind it. Both these species have

since been ascribed by American palaeontologists to Ptychoparia, and by Brogger 3

to Liostracus, and the use of the name Loganellus has long been discontinued.

In Beltella, however, the eye is placed farther forwards than in either of these

forms, and the ocular ridge is much less distinct ; but probably the most important

difference is in the facial suture. In Ptychoparia and Liostracus, and apparently

in Loganellus logani and Grepicephalas haguei, the facial suture crosses the anterior

margin almost at right angles, and if the sutures of the two sides meet, it must be

on the under surface ; in Beltella the anterior branches of the facial sutures diverge

forwards from the eye, but when they reach the margin they again curve inwards,

cross the margin very obliquely and meet in the middle line on the upper surface of

the body—as in DiJcelocephalus. Behind the eye the facial sutures in Beltella are

less divergent and make a smaller angle with the axial line than in the forms

referred to.

The species described by Whitfield 4 as Angelina hitchcocJci, and afterwards made

1 Description of a new trilobite from the Quebec group, Can. Nat. and Geol., vol. viii (1863),

p. 95; reprinted Greol. Surv. of Canada (1863), p. 21 ; see also Billings, Pal. Foss., vol. i, p. 200.

2 U.S. Geol. Explor. 40th Parallel, vol. iv (1877), p. 210, pi. ii, figs. 14, 15. Walcott's observations

on Crepicephalus show clearly that Hall and Whitfield's species do not belong to that genus; see Bull.

U.S. Geol. Surv., no. 30 (1886), p. 206; Mon. U.S. Geol. Surv., vol. xxxii, pt. 2 (1899), p. 459
;

Smithsonian Misc. Coll., vol. lxiv, no. 3 (1916), p. 199.

3 Geol. Foren. Stockh. Fork, vol. viii (1886), p. 202.

* Bull. Amer. Mus. Nat. Hist., vol. i, no. 5 (1884), p. 148, pi. xiv, fig. 13.
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by Walcott 1 the type of a new genus, Protypus, shows many points of resemblance

to B. depressa. The general shape is similar, the glabellar furrows are obsolete,

the number of thoracic segments is the same, the pleural grooves are of the same

character, and the tail is small and entire. But the ocular ridge is much more

strongly marked, and the facial suture is described as cutting the margin at right

angles. In his first notice Walcott ascribes the species to the Middle Cambrian,

but in his later work he includes it in the Olenellus fauna.

The divergent course of the anterior branches of the facial suture distinguishes

Beltella from all the other genera of Olenus sensu lato except Parabolinella. In

the latter genus the general form is flatter and the number of thoracic segments

greater, the glabella is usually more truncate and the glabellar furrows much more

sharply defined, and the frontal limb is wider.

1. Beltella depressa (Salter). Plate XII, figs. 6—10.

1859. Ellipsoeephalus depressns, Salter, Murohison's Siluria. 2nd edn.,3 p. 47, Foss. 7, fig. 2.

18(56. Conocoryphe (Solenopleura ) depressa, Salter, Mem G-eol. Surv , vol. ill p. .307, pi. vi, figs 1, 2. 3.

? 1866. Conocoryphe vexata, Salter, ibid., p. 307, pi. viii, fig. 7.

Head semicircular, with the genal angles produced into spines. Glabella

quadrate, broadly rounded anteriorly, narrowing slightly towards the front, sepa-

rated from the marginal furrow by a space about equal to the marginal rim in

width ; with two pairs of glabellar furrows, of which the first is almost obsolete

and the second distinct, very oblique, reaching nearly to the neck-furrow ; neck-

furrow strong. Eyes small, placed a little nearer to the anterior than to the

posterior margin, at a distance from the glabella less than half the width of the

latter, with a very indistinct oblique ocular ridge running towards the anterior

angles of the glabella. Facial suture apparently running very obliquely outwards

across the margin, thence inwards to the eye and thence outwards to the posterior

margin, which it cuts at a distance from the glabella about equal to two-thirds

the width of the neck-segment. Fixed cheeks narrow at the eyes, widening both

in front and behind ; free cheeks fairly wide, with a broad margin which is pro-

longed at the angles to form the backwardly directed genal spines.

Thorax consisting of twelve segments, varying but little in width as far as the

seventh segment, tapering rapidly behind. Axis forming rather less than one-

third of the total width except in front. Pleuraa with the fulcrum placed more

than half-way out, straight and horizontal up to the fulcrum, and then bent slightly

1 Bull. U.S. Geol. Surv., no. 30 (1886), p. 211, pi. xxxi, fig. 4; Tenth Ann. Rep. U.S. Geol. Surv.

(1890), p. 655, pi. xcviii, fig. 6.

» Called on the title-page—Third Edition (including "The Silurian System").
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downwards and backwards; pleural grooves broad and deep; the anterior pleurae

ending- in short points, the later pleurae produced into backwardly directed spines.

Tail small, semicircular. Axis forming about a third of the total width, almost

reaching the posterior border, and ending bluntly ; with one ring clearly marked

off and two others indistinctly indicated. Lateral lobes with two furrows on each

side. No defined margin.

Dimensions.—Specimens of ordinary size are about 35 mm. long ; but the

thorax and tail figured in Plate XII, fig. 6, belong to an individual which must

have been about 70 mm. in length.

In Salter's original specimens the earlier thoracic pleurae seem to have rounded

terminations, and the later pleurae to be truncate ; but the appearance is fallacious

and is due to the fact that the actual ends of the pleurae are buried in the matrix.

That this is the correct interpretation is, I think, clearly shown by the specimen

figured in Plate XII, fig. 9. On the right-hand side of this specimen the apparent

terminations of the pleurae are similar to the apparent terminations in the type-

specimen, and seem to be rounded or truncate. But the left-hand side shows that

the anterior pleurae end in short points, and the later pleurae are produced into spines.

B. depressa is distinguished from B. verisimilis and B. bucephala by its square

and somewhat truncate glabella. From B. verisimilis it is further separated by

the more backward and rather more distant position of the eyes, and by the greater

width of the head and thorax in proportion to their length. B. bucephala

approaches it more closely in its proportions ; but in that species the glabella is

narrower, more conical, and well rounded in front, and the eyes are set a little

more forwards.

Salter's Goliocorijphe vexata is probably an imperfectly preserved Beltella

depressa. In their general form and proportions the head and glabella show no

recognisable differences, and the characters on which Salter relies to distinguish

the species are the absence of glabellar furrows and the nearness of the eyes to the

glabella. But the state of preservation is such that the glabellar furrows may well

have been lost, 1 and with regard to the eyes I do not find any decided difference.

The specimen is slightly distorted, and on the right-hand side the eye is nearer to

the axial furrow than in B. depressa, but on the left-hand side it is at about the

same distance.

Brogger2 has suggested that this species may belong to Oyclognathus, but he

1 It is worthy of note that Belt (G-eol. Mag., vol. v, 1868, p. 10) says that in his Conocoryphe

bucephala and Salter's C. depressa the glabellar furrows are only seen in specimens which have been

compressed or have been deprived of their test.

2 Die Silur. Etagen, 2 u. 3, p. Ill ; see also Verb. d. Eidoma-Niobe-F&una,, Nyt Mag. f. Naturvid.,

vol. xxxvi (1897), p. 198—separate copies (1896), p. 35. It would appear from his remarks in the

latter paper that the author had seen the specimens in the Jerniyn Street Museum, but he does not

profess to have examined them closely.

15
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evidently allows a very large margin for inaccuracy in the original description and

figures. As Reed 1 has pointed out, the presence of genal spines, the more remote

and backward position of the eyes, the glabellar furrows, the relative shortness of

the glabella, the rather wide frontal limb, and the shape of the head-shield are

opposed to this view. To these characters may be added the course of the

anterior branch of the facial suture, which runs inwards from the anterior margin

to the eye, instead of outwards as in Cyclognathus.

Reed himself considers the generic position of the species as still uncertain, but

refers it provisionally to Solenopleura.

Horizon and Localities.—Tremadoc : Tyn-y-llan ; Penmorfa. The specimens

referred by Salter to this species come from the Lower Tremadoc, and the

specimens which he refers to Conocoryphe vexata from the passage-beds between

Lower and Upper Tremadoc.

2. Beltella bucephala (Belt). Plate XIL, figs. 11—15.

1868. Conocoryphe ? bncepliala, Belt, Geol. Mag., vol. v, p. 10, pi. ii, figs. 1— 6.

1873. Conocoryphe WiUiamsoni, Salter, Cat. Cainb. and Sil. Foss. Mus. Cambridge, p. 12.

Head semicircular, with genal spines projecting backwards and outwards.

Glabella prominent, conical, rounded in front, separated from the anterior margin

by a space about equal to the width of the latter, with two pairs of somewhat faint

glabellar furrows, the anterior pair short, the posterior pair very oblique and

reaching nearly to the neck-furrow ; neck-furrow strong. Eyes small, placed

nearer to the anterior than to the posterior margin, distant from the glabella about

half the width of the latter ; ocular ridge indistinct. Facial suture apparently

running very obliquely outwards across the margin, then inwards and backwards

to the eye, and thence outwards and backwards to the posterior margin, which it

cuts at a distance from the glabella a little less than the width of the neck-segment.

Cheeks prominent, with the neck-furrow strongly marked. Free cheeks rather

wide. Margin broad, somewhat thickened in front of the glabella
;
produced at

the genal angles into rather slender spines, which are directed slightly outwards,

and reach backwards to the sixth thoracic segment.

Thorax probably of twelve segments, almost uniform in width up to the sixth

or seventh segment, tapering rapidly posteriorly. Axis in front about as wide as

the pleurae
; posteriorly rather narrower. Pleurae strongly bent downwards, and

in the earlier segments backwards, at the fulcrum, which is placed less than half-

way out in the first segment, more than half-way in the middle segments, and

about half-way in the later segments ; deeply grooved ; extremities falcate.

Tail unknown, but must have been small.

Dimensions.—Length when complete must have been about 30 mm.

1 Geol. Mag. [4], vol. vii (1900), p. 253.
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I have not found any really good specimens of this species in the Belt

Collection at the British Museum. I. 7592 bore the specific name, but it is clear

that the label had at some time been misplaced, for this specimen (see Plate VI,

fig. 6) corresponds with Belt's description of " Conocoryphe ? longispina." More-

over, it shows the tail, while Belt states that the tail of his " Conocoryphe ?

bucephala " is unknown.

Mr. G. J. Williams has, however, obtained a number of fragmentary speci-

mens which agree with Belt's description of the species and come from the same

horizon ; and there can be very little doubt that they belong to B. bucephala.

But the best specimen that I have seen is that figured in Plate XII, fig. 11,

which Salter in 1373 called Conocoryphe williamsoni, n. sp. It is somewhat

remarkable that he should have used the same name that Belt had previously

given to an entirely distinct species; but possibly he had come to the conclusion

that Belt's Gonororyphe ? williamsoni was not a Gonocoryjihe. In any case, Salter's

Conocoryphe williamsoni differs from Belt's species of the same name, but, on the

other hand, agrees with Belt's Conocoryphe ? bucephala.

Belt describes the glabella as subcorneal, truncated, very prominent; but in

his figures it is rounded in front rather than truncate. According to him, it is

" without furrows when perfect ; but when crushed, or divested of outer crust,

showing two pairs of internal ones." Some of the specimens that I have seen

support this view, but they are hardly conclusive. In his description Belt gives

the number of thoracic segments doubtfully as fourteen, but his figure shows

only twelve.

In its general form and proportions B. bucephala is very like B. depressa, and

in distorted specimens it is not always easy to distinguish between the two. In

B. bucephala, however, the glabella is conical and rounded in front, while in

B. depressa it is more quadrate and truncate in front. In the former, moreover,

the eye is a little farther forwards than in the latter. These appear to be the only

differences that survive compression and distortion.

In B. verisimilis both the head and thorax are longer in proportion to their

width. The glabella also is more elongated and the eye is set considerably farther

forwards and closer to the glabella.

Horizons and Localities.— Upper part of the Middle Lingula Flags: Nant

Cistfaen, Arenig. Upper Lingula Flags : Rhiwfelyn, Mawddach.

3. Beltella verisimilis (Salter). Plate XIII, figs. 1—5.

1866. Conocoryjme ! verisimilis, Salter, Mem. Geol. Surv., vol. iii, p. 308, pi. vi, fig. 13.

Head approximating to a semicircle, but somewhat elongated, with the length

more than half the width. Glabella long, tapering slightly forwards, rounded in

front, separated from the anterior margin by a frontal limb of considerable width

;
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with two pairs of oblique glabellar furrows, often indistinct ; neck-furrow almost

obsolete and neck-segment consequently ill-defined. Eyes small, set very near to

the glabella, much nearer to the anterior than to the posterior margin, but never-

theless some distance behind the anterior end of the glabella. Facial suture

curving inwards and backwards from the anterior margin to the eye, and thence

running outwards and backwards, nearly in a straight line, to the posterior

margin, which it cuts at a distance from the glabella about equal to half the width

of the latter. Fixed cheeks narrow, even at their base. Free cheeks somewhat

crescentic, with a broad, down-turned margin, which is produced posteriorly into

a genal spine running directly backwards.

Thorax consisting of twelve segments. Axis in the earlier segments wider

than the pleurae, in the later segments not quite so wide. The pleurae of the first

segment extremely short, only about half the width of the axis ; in the later

segments longer, bent downwards and backwards about half-way out from tlie

axis, apparently with falcate terminations
;
pleural grooves rather sharp.

Tail small, semicircular, slightly emarginate behind. Axis forming about a

third of the total width, with one ring clearly defined and a second indistinctly

indicated. Lateral lobes flat, with two oblique furrows on each side.

Dimensions.— The type-specimen, when complete, must have been about

38 mm. in length.

According to Salter the glabella is entirely destitute of lobes. But his descrip-

tion seems to be based on the specimen shown in Plate XIII, fig. 1, and its condition

is too imperfect to allow of any safe conclusion on this point. The specimen

represented in Plate XIII, fig. 3, is amongst those referred by Salter to B. drpressa
;

but the glabella is too elongated and too much rounded in front, the eyes are too

far forwards, and the pleurae of the first thoracic segment are too short for that

species.

B. verisimilis is in general easily distinguished from B. depressa and B. buce-

phaln by its elongated glabella and the more forward and approximate position of

the eyes. The vagueness of the neck -furrow also seems to be a feature of some

value, but in crushed and distorted specimens the apparent presence or absence of

furrows of any kind is not a reliable character. In the thorax the greater length,

in proportion to the width, and the extreme shortness of the first thoracic pleura?,

are the most important distinguishing features.

It is no doubt probable that the specimens from the Middle Lingula Flags are

not specifically identical with the Tremadoc form, though they are hardly perfect

enough to admit of definite separation at present. Moreover, the fact that a

narrow form of Beltella with long glabella, forwardly-placed eye, obscure neck-

furrow, and very short first thoracic segment occurs both in the Middle Lingula

Flags along with B. bucephala and in the Tremadoc along with B. depressa,
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strongly suggests that these characters are not specific but sexual. It seems

probable, accordingly, that B. verisimilis is not a distinct species but is the other

sex of B. bacephala and II. depressa, or, to be more precise, B. verisimilis (Salter)

is the other sex of B. depressa, and the Middle Lingula forms that I have pro-

visionally included in B. verisimilis belong to the other sex of B. bucephala.

Imperfect specimens sometimes bear a striking general resemblance to speci-

mens of Angelina sedgwiclci, or even of Olewis cataractes, which have been strongly

compressed from side to side. It is difficult in such cases to judge the true

relative widths of the axis and the side-lobes, and glabellar furrows may easily be

obliterated. Perhaps the most reliable characters to depend upon are the number

of thoracic segments and the position of the eyes, which is more forward in B.

verisimilis than in either of the other species.

Bnigger 1 has suggested that this species, as well as B. depressa, may belong to

Cyclognathus. But although the type specimen is decidedly obscure in many

respects, the presence of genal spines, the comparative narrowness of the glabella

and thoracic axis, the position of the eyes distinctly behind the anterior end of the

glabella, and the course of the facial suture, are sufficient to distinguish it from that

genus.

Reed2 refers it to Angelina, and to that genus it offers several points of resem-

blance. The width of the frontal limb, the vagueness of the neck-furrow, and the

apparent absence, in the type specimen, of glabellar furrows, are features which it has

in common with Angelina. But, as Reed remarks, the number of thoracic segments

is twelve instead of fifteen, and the eyes are too far forwards. Reed thinks that

these characters may be due to immaturity, but they are not present in undoubted

specimens of Angelina of considerably smaller size. If I am right in referring the

specimen figured in Plate XT1I, fig. 3, to the same species, the presence of

glabellar furrows at once removes it from Angelina. In any case, even in the

type specimen, the side-lobes are much narrower, as compared with the axis,

than in Angelina, and the very short pleurae of the first thoracic segment are also

a distinguishing feature.

Belt3 considers B. depressa and B. verisimilis to be the same species in different

states of preservation. He thinks that the outer surface of the test was smooth,

and that glabellar furrows are shown only on the internal cast or when the

specimen has been crushed.

Horizons and. Localities.—Middle Lingula Flags : Trinant and Nant Cistfaen,

Arenig (these are the specimens figured in Plate XIII, figs. 4 and 5, which may

be distinct from the Tremadoc form). Lower Tremadoc : Penmorfa.

1 Die Silur. Etagen 2 u. 3, p. Ill ; Verb d. Euloma-Niobe-Fnunii, Nyt Mag. f. Naturvid., vol.

xxxvi (1897), p. 199—separate copies (1896), p. 36.

2 Geol. Mag. [4], vol. vii (1900), p. 256.

3 Loc. cit., vol. v (1868), p. 10.
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Genus PARABOLINELLA, Brogger. (Addendum to p. 70.)

To complete the account of the British forms refeiable to Olentis sensu lato I

add here a description of the very poor specimen which Salter called Gdnocoryphe ?

simplex. I have no doubt that it belongs to the genus Parabolinella, but, owing

to its very imperfect condition, it has no claim to be considered as the type of a

distinct species. It may very possibly belong to one of the species already described

.

1. Parabolinella simplex (Salter). Plate XIII, fig. 6.

1866. Conocoryphe ? simplex, Salter, Mem. Geo]. Surv., vol. iii, p. 306, pi. v, fig. 17.

1878. Ellipsocephalus sp., Cat. Camb. and Sil. Foss. Mus. Pract. Geol., p. 12.

The very imperfect specimen described by Salter as Conocoryphe ? simplex

shows only the middle of the head.

The glabella is prominent, short, and square, but somewhat expanded near the

base, and it is separated from the margin by a space which is three or four times

as wide as the margin. According to Salter the glabella is without lobes; but,

althongh they are very imperfectly shown, there are, on the left-hand side of the

specimen, indications of at least two glabellar furrows. The eye is about half-way

between the anterior and posterior margins, and distant from the glabella about

half the width of the latter. The facial suture runs inwards from the anterior

margin to the eye and thence outwards to the posterior margin, which it cuts at a

distance from the axial furrow rather less than the width of the glabella. The

margin is narrow, flat, and, so far as it is shown, very uniform in width.

Dimensions.— Length of the head 10*5 mm., of the glabella 7*5 mm. (measured

on the counterpart, which is rather more complete posteriorly than the figured

specimen).

The short, square glabella, the narrow, uniform margin, the width of the frontal

limb, and the course of the facial suture are the characters which lead me to place

the specimen in Parabolinella. The faintness of the glabellar furrows seems to

be due simply to the state of preservation.

Both Reed 1 and Brogger2 have referred it to Cyclognathux ; but they appear to

have been misled by Salter's figure, which is not very accurate. It is to some

extent a restoration, but the original specimens, an internal east and its counter-

part, are in the Geological Survey Museum. From them it is clear that the facial

suture runs inwards from the anterior margin to the eye, instead of outwards as

1 Geol. Mag. [4], vol. vii (1900), p. 255.

2 Verb. d. Euloma-Niobe-F&una,, Nyt Mag. f. Naturvid., vol. xxxvi (1897), p. 200—separate copies

(1896), p. 37.
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in both Linnarsson's and Brogger's Gyclognathus. Moreover, the glabella is much

too short and the eye too far back for that genus.

Horizon and Locality.—Upper Lingula Flags : Penmorfa Church, Portmadoc.

Genus ANGELINA, Salter.

Salter's description of the genus Angelina, 1
is as follows: Depressed, head

smooth, and with long posterior spines; eyes small, sub-median, without ocular

ridge
;
glabella lobeless. Body segments fourteen to fifteen, with an angular fulcrum,

faceted for rolling up. Tail of a few (four or five) segments. Labrum emarginate.

The most important addition to be made to this description is with regard to

the course of the facial suture, which is not quite correctly represented in Salter's

figures. The two sutures meet in front in the median line. From there they run

obliquely outwards across the margin, curve backwards and very slightly inwards

to the eye, from which they run outwards and backwards to the posterior margin.

In spite of the abundance of Angelina sedgivicki in the Tremadoc of North

Wales, hardly any representative of the genus has been found elsewhere.

Whitfield," in 1884, described a form from the Cambian of Vermont, U.S.A.,

to which he gave the name Angelina hitchcochi ; but, as he himself pointed out, it

does not altogether agree with Salter's definition of the genus. In particular it-

possesses strongly marked ocular ridges, and the number of thoracic segments is

only twelve. Walcott3 subsequently made it the type of a new genus, which he

called Protypus. As has already been remarked in the account of Beltella,

Whitfield's species bears a close resemblance to Beltella depressa.

Matthew4 has described and figured a head from the Tremadoc of Cape Breton,

which he thinks may belong to a young Angelina. It differs from the adult

chiefly in the greater .<ize of the eyes and in the presence of strong ocular ridges.

Reed5 has suggested that Salter's Conocorijphe ? verisimilis, described above

as Beltella verisimilis, should be referred to Angelina, and thinks that the

differences from the type may be due to immaturity. The difficulties in the way

of accepting this view have already been dealt with; but it may be observed that

Beltella and Angelina appear to be closely related to each other.

In the collections of the Vetenskaps Akademi in Stockholm I saw, more than

twenty years ago, a specimen from Yerrestad in Skane labelled Angelina salteri,

Holm, but I have been unable to find any published figure or description. According

1 Brit. Organ. Kem., dec. xi, pt. vii.

2 Bull. Amer. Mus. Nat. Hist., vol. i, no. 5, p. 148, pi. xiv, fig. 13.

:i Bull. U.S. Geol. Surv., no. 30 (1886), p. 211, pi. xxxi, fig. 4 ; Tenth Ann. Rep. U.S. Geol. Surv.

(1890), p. 655, pi. xcviii, fig. 6.

4 Bull. Nat. Hist. Soc. New Brunswick, vol. iv, p. 413, pi. xviii, fig. 9 ; Report on the Cambrian

Rocks of Cape Breton (1903), p. 232, pi. xviii, fig. 9.

5 Geol. Mag. [4], vol. vii (1900), p. 256.
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to ray notes made at the time, the head was semicircular but broken, and the thoracic

segments were as in Angelina sedgwicki except that posteriorly the spines seemed

to be somewhat larger. The principal difference from that species la}* in the tail,

which was entire instead of spinose. This is the only specimen from abroad

known to me which can be referred with any confidence to Angelina.

Salter looked upon the genus as intermediate between Olenus and Conocon/phe

(a name which he used as equivalent to Barrande's Conocephalites), and the

characters to which he seems to have attached most importance are the absence

of glabellar furrows and of ocular ridges and the grooved and faceted pleurae,

which are bent down at the fulcrum, though not so strongly as in Gonocephalites.

The pleurae are not unlike those of Beltella,, and in that genus glabellar furrows

seem to be absent on the surface of the test, though they sometimes appear on the

cast. In Beltella the ocular ridges are ill-defined, but they are not entirely

absent. On the whole, Beltella seems to be the genus most closely allied to

Angel iiia, but it has only twelve thoracic segments instead of fifteen, and the

anterior branches of the facial sutures are much more divergent. According to

Brogger, 1
' Angelina sedgwicki stands so close to Parabolinella limitis, Brogger,

that the two cannot belong to different genera. But with this view I am unable

to concur. In Parabolinella, including P. limitis, the glabella is short, nearly

parallel- sided, and truncate in front, and has deeply impressed glabellar furrows;

in Angelina it is longer and narrower, tapers slightly forwards, and is well rounded

in front, glabellar furrows are absent and even the neck-furrow is weak. The

eye, moreover, lies farther back than in Parabolinella.

1. Angelina sedgwicki, Salter. Plate XIII, figs. 7— 12; Plate XIV, fig. 1.

1859. Angelina Sedgwiclcii, Salter, Murehison's Siluiia, 2ud edition, ]>. 53, Fuss. 9, fig. 2.

1859. Angelina Bubarmata, Salter, ibid., fig. o.

1864. Angelina sedgiricJci, Salter, Mem. Geol. Surv., Brit. Organ. Rem., dec. xi, pt. vii, p. 1, pi. vii,

figs. 1-5.

1860. Angelina Sedgwickii, Salter, Mem. Geol. Surv., vol. iii, p. 308, pi. vii, figs. 1—5.

General form ovate, depressed.

Head semicircular, with the genal angles produced into long spines.

Glabella occupying about three-quarters of the total length of the head, sub-

parabolic in outline, moderately convex, neck-furrow shallow and ill-defined,

glabellar furrows absent or very obscurely indicated by vaguely marked depres-

sions. Eyes small, placed near to the glabella and about half-way between the

anterior and posterior margins. Facial sutures meeting in front at an obtuse

angle in the median line, crossing the margin very obliquely, then running in a

gentle curve almost directly backwards to the eye, and from the eye obliquely

1 Euloiua-Niobe-Fnun-d, Nyt Mag. f. Naturvid., vol. xxxvi, p. 198.
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outwards and backwards to the posterior margin, which they cut about half-way

between the axial furrow and the outer margin. Fixed cheeks nearly flat, with a

broad frontal limb in front of the glabella ; free cheeks wide, gently arched down-

wards. Head surrounded by a narrow raised rim separated by a marginal furrow,

which in front of the glabella bends slightly backwards, and is there marked by

a number of small close-set punctations ; marginal furrow continuous posteriorly

with the shallow occipital furrow. Genal angles produced into long and strong

spines continuing the curve formed by the outer margin and running almost

straight backwards to about the tenth thoracic segment. Hypostome subquadrate,

consisting of a central convex portion surrounded by a rather broad margin, which

appears to be toothed at the posterior angles.

Thorax consisting of fifteen segments. Axis moderately convex, tapering very

regularly backwards, forming less than one-third the total width in front and less

than one-quarter posteriorly ; extremities of the axial rings somewhat nodular.

Pleurae flat near the axis, bent downwards, and a little backwards, at the fulcrum,

which is placed more than one-third of the way out in the anterior segments, less

than one-quarter in the posterior segments ; obliquely grooved ; faceted ; extre-

mities falcate, and in the later segments produced into short spines.

Tail small, approximately semicircular, spinose. Axis convex, occupying less

than one-third the total width, ending bluntly some distance in front of the

posterior margin, showing three rings besides the articular surface and the rounded

terminal portion. Lateral lobes gently arched downwards, consisting of two

segments similar to the posterior thoracic segments fixed to a rounded terminal

plate, the points of the fixed pleura? projecting as two short, but well-defined,

spines upon each side.

Dimensions.—As in most common species, the size varies considerably, but

8 cm. may be considered a medium length. The specimen figured on Plate XIII,

fig. 7, must have been at least 11 cm. long before distortion.

Perhaps the most useful diagnostic character of the species is the total absence

of any definite glabellar furrows and the faintness of the neck-furrow. Some
specimens, indeed, with the light in certain directions, show very shallow ill-

defined depressions, which may represent glabellar furrows, but they are always

vague and indefinite ; and this is true both when the actual test is preserved and

in the much more common case of internal casts. In Beltella the outer surface of

the test is, apparently, devoid of definite glabellar furrows, but on the internal

cast the furrows are often quite distinct. B. verisimilis is the species which most

nearly approaches Angelina in this respect ; but it may be distinguished by the

more forwrard position of the eye, the smaller number of thoracic segments, and

the greater relative width of the axis.

Internal casts of Angelina sedgivicki, when well preserved, show the anterior

16
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branch of the facial suture as a double line. The suture forks at the marginal

furrow, and the two lines into which it splits reach their maximum separation at

the eye. Some specimens also seem to show a similar doubling of the suture

behind the eye, but this is always less distinct. Such a duplication of the suture

may be observed in other trilobites, but it seems to be particularly conspicuous in

A. sedgwicki.

All the best specimens of Angelina sedgwicki that I have seen are preserved in

slate, and are internal casts devoid of the test and more or less flattened and dis-

torted. In the Sedgwick Museum, however, there are several specimens (Plate

XIII, figs. 9, 10, 12) from more gritty beds at Garth, Portmadoc, which seem to

have suffered less from pressure. Unfortunately they are somewhat fragmentary,

but they serve to indicate that the general form was rather more convex than it

appears in the specimens from slaty beds.

Horizon and Localities.—Upper Tremadoc : Garth Hill, Ynys Towvn. Tv-hwnt-

yr-bwlch, and other places near Portmadoc.

Genus DIKELOCEPHALUS, Owen.

The type of Dikelocephalus is D. minnesotensis, Owen, but the name has been

somewhat loosely applied to many forms which differ too greatly from that species

to be properly included in the same genus. Recently, however, in a memoir 1 on

" Dikelocephalus and other genera of the Dikeloeephalinre," Walcott has subjected

the whole group to a careful revision, and it is accordingly unnecessary for me to

discuss the true limits of the genus.

The head is transverse, with the genal angles produced into spines. The

glabella is subquadrate, narrowing slightly towards the front, which is broadly

rounded ; the posterior pair of glabellar furrows is strong and continuous across,

though somewhat shallower towards the middle; the middle pair is short, and the

anterior pair shorter still or absent altogether ; the neck-furrow is strong. The

eye is rather large, crescentic, placed near to the glabella and to the occipital

furrow. The facial sutures meet on the upper surface a little behind the extreme

front of the head, forming either an obtuse angle or else a continuous curve; from

there they run outwards and slightly backwards, then bend inwards to the anterior

extremity of the eye, pass round the palpebral lobe, turn almost directly outwards

and finally curve backwards to the posterior margin, which they cut at a consider-

able distance from the genal angle. The tail is large ; in outline the anterior

border forms a curve which is convex forwards, and the antero-lateral angles are

rounded off; the posterior border may or may not have two postero-lateral spines;

the axis is much narrower than the lateral lobes and ends bluntly before the

1 Smithsonian Misc. Coll., vol. lvii, no. 13 (1914).
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margin ; near the axis the lateral lobes are almost level, but farther out and

posteriorly they bend down to the broad, flat margin; the furrows on the lateral

lobes curve backwards, the anterior furrows following the curve of the anterior

border, and the later ones being bent still more strongly backwards.

Dikelocephalus is characteristically an American genus, and, indeed, in his

revision Walcott does not allow a single species outside America ; but he leaves

some doubtful, and he refers the Scandinavian form Dikelocephalus ? leptasnarum,

Wiman, to the closely allied genus Sauhia, Walcott. Dikelocephalus celticus, Salter,

however, shows all the characters of a true Dikelocephalus tail, the only special

feature being the slight emargination posteriorly; and in D. discoid'-a lis, Salter, the

facial suture takes the characteristic course for Dikelocephalus, the eye has the

proper position and the glabella the right shape, but the specimens are too

imperfect to show clearly whether the posterior glabellar furrows were continuous

across.

1. Dikelocephalus discoidalis, Salter. Plate XIV, figs. 2— 7.

18(36. Dikelocephalus (Centropleura) ! discoidalis, Salter, Mem. Geol. Surv., vol. iii, p. 304, pi. v,

figs. 18, 19.

Head forming an arc of a circle, with the genal angles produced into spines.

Glabella less than two-thirds the length of the head, quadrate, narrowing slightly

forwards, truncate or even slightly emarginate in front, with three pairs of

glabellar furrows and a strongly marked neck-furrow. Eyes rather large,

crescentic, placed far back, very near to the occipital furrow and to the glabella.

Facial sutures meeting at an obtuse angle in the median line a considerable

distance in front of the glabella, thence running obliquely outwards and back-

wards, and then curving strongly inwards and backwards to the eye, behind which

they turn outwards almost at right angles to the axis and cut the posterior margin

at a distance from the axial furrow about equal to the width of the glabella at its

base. Fixed cheeks forming in front of the glabella a broad, flat expansion, which

on the internal cast shows a fine lineation ; very narrow at the eye, and behind

the eye extending outwards as a narrow wing marked by a strong occipital furrow.

Free cheeks wide, gently arched, bordered by a rather narrow margin of very

uniform width, which projects in front of the cranidium; genal angles produced

into rather slender spines of no great length.

Dimensions.—The head, before distortion, was probably 15—20 mm. long, and

more than twice that breadth.

D. discoidalis is probably the head of D. celticus. It occurs at the same horizon

and in the same locality, and the sizes are not discordant. It should be noted

that the specimens of the free cheek figured on Plate XIV, figs. l>, 7, do not come
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much depends upon the state of preservation. Indeed, Salter, whose figures

show only four, says that there are six, which is the number represented by

Angelin. The principal difference lies in the outline, the lateral borders in

D. furca being straighter and making a more definite angle with the anterior

border than in D. dicraeura: but it should be remembered that our specimens are

distorted and the Scandinavian ones are incomplete.

The head shown in Plate XIV, fig. 11, is similar in character to that doubtfully

ascribed by Salter to this species. It corresponds very well with the tails in size,

and it comes from the same locality and horizon as that represented in fig. 13,

about which there can be no question ; but the chief reason for referring it to this

species is the resemblance of the glabellar furrows to those of D. dicrseura, as

figured by Moberg and Segerberg. It differs from this form in the presence of a

distinct ridge defining the inner edge of the wide margin. There can, however,

be little doubt that this ridge has been greatly accentuated by compression, and

in the original condition it was probably much less conspicuous. In D. villebruni,

Bergeron, 1 which seems to be closely allied, the outer half of the broad margin is

concave and the inner half convex ; and if such a margin were crushed against

the cheeks and glabella, the convex portion would naturally be compressed into a

ridge.

All of Salter's figures are from specimens belonging to Mr. Ash and coming

from Moel-y-gest. Mr. Ash's collection seems to have been dispersed ; but in

the Sedgwick Museum there is a specimen of D. furca lettered a. 30 (see Plate XIV,

fig. 12), and in Salter's Catalogue 2 Mr. Ash is stated to be the donor and the

locality is given as Moel-y-gest. Probably this is the original of Salter's plate

viii, fig. 10, or else its counterpart.

Horizon and Localities.—Upper Tremadoc : Moel-y-gest and Garth Hill,

Portmadoc.

Genus APATOKEPHALUS, Brogger.

The name Apatokephalus was proposed by Brogger. who looked upon it as

denoting a subgenus of Dilcelocephalus. The type species is the Trilobites serratus

of Boeck, which was originally founded upon the tail alone ; but Holm has shown

that the cranidium subsequently described by Linnarsson as Bemopl'en rides dubius

belongs to the same species. Since this cranidium is so very different from that of

Dilcelocephalus it seems better to look upon Apatokephalus as a distinct genus.

The glabella is urceolate, the posterior portion, exclusive of the neck-segment,

being greatly expanded, the anterior portion narrower, tongue-like. The eyes

are long, crescentic, and almost touch the glabella at their extremities. The

1 Bull. Soc. Geol. France, [3] vol. xxiii (1895), pi. v, figs. 1, 2.

2 Cat. Camb. Sil. Foss. Mus. Cambridge, p. 17.
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Beltella verisimilis (Salter). 107

1. The type specimen, nearly complete but for the tail. Lower Tremadoc,

Penmorfa Village. Sedgwick Museum. Presented bv Mr. D.

Homfray. (Figured by Salter, Mem. Geol. Surv., vol. iii, pi. vi.

fig. 1 3.) Nat. size.

2. Thorax and tail with part of head. Lower Tremadoc, near Penmorfa,

Portmadoc. Museum of Practical Geology, 10841. Nat. size.

2a. Tail of the same specimen enlarged. x 2.

3. Cranidium and part of thorax, showing glabellar furrows. Lower

Tremadoc, near Penmorfa, Portmadoc. Museum of Practical Geo-

logy, 10839. Nat, size.

4. Cranidium with long glabella, three thoracic segments attached. F/pper

portion of Middle Lingula Flags, Nant Cistfaen, Arenig, just above

pool. Mr. G. J. Williams' Collection. Nat. size.

5. Cranidium with shorter glabella, part of thorax attached. Middle

Lingula Flags, Trinant, above pool. Mr. G. J. Williams' Collection.

Nat. size.

Parabolinella simplex (Salter). 110

6. Cranidium. Upper Lingula Flags, Penmorfa Church, Portmadoc.

Museum of Practical Geology, 10217. (Figured by Salter, Mem.

Geol. Surv., vol. iii, pi. v, fig. 17.) Nat. size.

Angelina sedgwicki, Salter. 112

7. Nearly complete specimen of large size. Upper Tremadoc, Garth, Port-

madoc. Sedgwick Museum. Nat, size.

8. Specimen showing hypostome. Upper Tremadoc, Garth, Portmadoc.

Sedgwick Museum. (Counterpart of 10248 in the Museum of

Practical Geology figured by Salter, Brit. Organ. Rem., dec. xi,

pi. vii, fig. 5.) Nat. size.

0. Uncompressed specimen from a hard bed. Upper Tremadoc, Garth,

Portmadoc. Sedgwick Museum. Presented by Mrs. Hughes.

Nat. size.

10. Uncompressed specimen from a gritty bed. Upper Tremadoc, Garth,

Portmadoc Sedgwick Museum. I 'resented by Prof. Seward.

Nat. size.

11. Cranidium showing course of facial suture, punctations in marginal

groove, and faint depressions indicating the positions of the obsolete

glabellar furrows. Upper Tremadoc, Garth, Portmadoc. Sedgwick

Museum. Nat. size.

12. Young specimen from a gritty bed. Upper Tremadoc, Garth, Portmadoc.

Sedgwick Museum. Presented by Mrs. Hughes. x 2.
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Angelina sedgwicki, Salter. 112

1. Head, showing duplication of the sutures. Upper Tremadoc, near Tre-

madoc. Museum of Practical Geology, 10191. Nat. size.

Dikelocephalus discoidalis, Salter. 115

2. Glabella and frontal limb. Upper Lingula Flags, Ogof-ddu, Criccieth.

Museum of Practical Geology, 10214. (Figured by Salter, Mem.
Geol. Surv., vol. iii, pi. v, fig. 18.) x 1-|.

3. Glabella and eye. Upper Lingula Flags, Ogof-ddu, Criccieth. Museum
of Practical Geology, ld209. x H.

4. Glabella and fixed cheek. Upper Lingula Flags, Ogof-ddu, Criccieth.

Museum of Practical Geology, 10210. x ]|,

5. Free cheek and part of frontal limb. Upper Lingula Flags, Ogof-ddu,
Criccieth. Museum of Practical Geology, 10213. (Figured by
Salter, Mem. Geol. Surv., vol. iii, pi. v, fig. 18a.) x 1^.

6. Free cheek. Upper Lingula Flags, Carreg-wen, Borth. Sedgwick
Museum. x 1-|.

7. Free cheek. Upper Lingula Flags, Carreg-wen, Borth. Sedgwick
Museum. x 1-1.

Dikelocephalus celticus, Salter. 116

8. Interior of tail. Upper Lingula Flags, Ogof-ddu, Criccieth. Museum
of Practical Geology, 10208. (Probably used by Salter in Mem.
Geol. Surv., vol. iii, pi. v, fig. 21.) Nat. size.

9. Tail, internal cast. Upper Lingula Flags, Ogof-ddu, Criccieth. Museum
of Practical Geology, 10206a; completed from its counterpart.

10206. (Probably used by Salter in Mem. Geol. Surv., vol. iii,

pi. v, fig. 22.) x li

10. Tail, with part of test preserved. Upper Lingula Flags, Ogof-ddu,

Criccieth. Museum of Practical Geology, 10211. (Figured by Salter

as Dikelocephalus ? sp., Mem. Geol. Surv., vol. iii, pi. v, tio-. 2<>.)

x 11

Dikelocephalina furca (Salter). 118

11. Head and part of thorax. Upper Tremadoc, Garth Hill, Portmadoc.
Mr. G. J. Williams' Collection. Nat. size.

12. Interior of tail. Bottom beds of the Upper Tremadoc, Moel-y-Gest,

Portmadoc. Sedgwick Museum. Presented by Mr. Ash (a 30 of

Salter's Catalogue). (Probably the original, or its counterpart,

of Mem. Geol. Surv., vol. iii, pi. viii, fig. 10.) Nat. size.

13. Interior of tail and last thoracic segment. Upper Tremadoc, Garth,

Portmadoc. Sedgwick Museum. Presented by Mr. D. Homfray
(a 3D* of Salter's Catalogue), x 1|.

Apatokephalus serratus (Boeck). 122

14. Cranidium. Upper Tremadoc, Amnodd Wen, Arenig. Mr. G. .1. \\ llliams'

Collection. x 5.
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